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PR A 55 A HHEREAS, FIFHSEN VIS-NIR Jil, B2t IAMLR), LFRrREHL(SVM) . BENLIARAR(RF) A g 1 Hekh
S BB T AR, WA SRR U TR . AR (D7E 0.01 BEKET, HHERS Nat, CI, Ca? SR i
FHIK, HIZCRE 10 0,978, 0.814 . 0.645; QLEAYGIEMR N FIAHSCHE S HTHA RE 1 3EEh o £ B8 FAAFIE I B 459 537, 1381,
1386 nm, BERHERBN 459, 537 nm; @3 A A FCER MR BUMRIK Y RF>MLR>SVM, SR RF i Eh oy = 55
(Na*, CI', Ca*)R? i, RMSE f/), RPD fk, 4351 2.11, 2.03, 1.80, Jyfefiioiiussy , 18 5o e B 439 3= B 1 i 4 A0
B, JEMiSRH RF A AR, T LA SR T R X 5 M R E R TER

KRR I, s moLi; K SCRmEHL; PR
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Prediction of Major Ions in Soil Salinity Based on Field VIS-NIR Spectroscopy

MA Lifang', XIONG Heigang®*, ZHANG Fang'

(1 Key Laboratory of Oasis Ecological Education, College of Resources and Environment Science, Xinjiang University, Urumqi
830046, China; 2 College of Applied Arts and Sciences, Beijing Union University, Beijing 100083, China)

Abstract: In order to clarify the characteristic spectrum of main salt ions in arid areas, a prediction model for high-precision and
stable saline soils was established.Taking Fukang City of Xinjiang as the study area, collected 55 soil samples and field measured
spectral data based on VIS-NIR, using multiple linear regression(MLR), support vector machine(SVM) and random forest(RF)
method three inversion model of soil salinity and main ion content were established, and the model was tested. The results
showed that: 1) At 0.01 significant level, soil salinity had a significant correlation with Na*, Cl- and Ca?*, and the correlation
coefficients were 0.978, 0.814 and 0.645, respectively; 2) Comprehensive spectrum response and correlation analysis determined
the dominant ion bands of soil salt at 459, 537, 1381, and 1 386 nm, and the significant characteristic bands at 459 and 537 nm; 3)
The three model fitting effects from high to low were RF>MLR>SVM in order, and using the model established by RF, the salt
main ions (Na*,CI,Ca?") had the highest R?, the smallest RMSE, and the largest RPD, which were 2.11, 2.03, and 1.80,
respectively, and were the optimal prediction models. By selecting the dominant characteristic bands of major ions in the soil, RF
method was used to construct the estimation model in this area, which can effectively extract the main ion information of soil
salinity in the arid area.

Key words: Soil; Salt; Hyperspectral; Inversion; Support vector machine; Random forest
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= SR re o Al N S ERE ) R S e e 102w bUL KO DN 3~
R FRAYAS [ B Be kot L8R3 i \Na® Fl Cl 5524
O3 M IR AR YE S R rh R A A R T
PR A R G e 16 1) i A B BORIARAEDSY s LUB SR A A
WFFEIX, XA L 5 AR RIS B S S s AT
G3AT . BESE KRR LR O SO AR AT, B
A B BURTE R 1 b B Zond b mlIE | i
/INTRIIA . Mg A Blan . R Ik [ H R
e /N3 M, My gdpedtEh i L3k & o
S AR A U0) s BT 22 S A 1A 5 i i ST A T
¥ 3 PG S S T b S B R R R Y
G RN I 22 TP A A BP A
25 0 4%l T N 52 TS KR A - R A
FmAS R0

CA TN E 222k & N EA OGS, B AP
IS5 B 8 3R A T R - A b o A SR T o
PR AR BRI 52 . EHLARMR (random forest, RF).
HH¢ml AL (support vector machine, SVM)LA K ZJT
284 9] 5 (multiple linear regression, MLR)3 /5 2544
RS> R TR RO GIE ROE A, X 3 A
AT, PR SO Ay, Sy s R Wt 5
PRALBIARUKYE, o TR X R BRIt S %

1 MRIERE
1.1 HREXER

WF9E X Ak K AR B RE | HEMES SR R 2%, R
ARG FEBEIR o 2 X iy KB T A, &
R TR ELE, B3, T B
2SR, FEREKEAL 164 mm, FIEREET] 2
000 mm A Ay, TIEFTHCAAb T L, 2R
HL e L D 15 ot i w7311/ 2 5 B By o AN 2 150 AN 1
HEH B oMl . i R B ARG . 200, JE B3N
F, WAL o N TR, A
1.2 TEHARERKIENE

2014 4F 7 A i AJ A TERASRAE . AR A ST X S
MBS, KRR, HRFmIEmIE 5 ~ 6 K RHL
P TSI X8, SRAELR RN 800 ~ 1 000 m, Ff H7E 4
ZORPELR B 5 ~ 10 MREMRIZ X LI 5L
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T A $h o Fe a5 P a0 AR R . GPS I
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BN 0 ~20 em (1Y T SEER B AT 40T
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Fig. 1 Sampling point distribution map
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1.6 fHMEEE SI8IE

FETWA X-Y BB B M REA R R 43380 (SPXY) 7E
TN Z A R e B — R s 1T, AR SOk 55 4
FEA G UL, 37 AME R EARAE , 18 ME R4
N (I A PN AT L (1% = S Tves A A =
(MLR). 5 EHLSVM)FIBEHL AR (RF)ZE: 2 7 +
R B T A I RO . DL MLR AR R X R
FHAEL A% SVM Ml RF B 5% AT XS L. TS
FH 18 ANBGUEREA XS A S A SR TR 50, LA Ak )
R 2 L PeE R AR . BT HRIR2E(RMSE) | A%t 43
PriR22(RPD)3 MMEFRRAM Y, R2BK, RMSE
AN, RS RIRS B . RPD>2 FoR B R B 4%
If; RPD=1.4 ~ 2 F/REAIn] KA ; RPD<1.4 3%
AL R I 22, ToIA AR,

MLR J&—Fh RIS ik, SRR EeF
SIMTH R 8 o ARG B BRI T £ otk
PRI, B AR iy 22 5Tk 35 KN 0.05, 1B
e AR AR , #ES7 AR 2 SRR G Y T
DAL

SVM A4 SCRf ] 53 28 (SVC) F S A [n] 43t [ 1
(SVR), RIETFTEEHREE/N, Bl itk |
IINBEAR B SR [ ) — P AL 2 20 1 o R AT e 5 R
P B 70 SR 2 T 3 B 0 B A 232 K A o
WIS 1) — A = R R 25 ) P SR R A 2R P2, AR
W78 e S 0 —1k, 1K HAE R SVM [#]
A BRI A5, e dh o 28 7 & BAE MR, 1%
FE SVM 2 4(Rl v-SVR), 4% PR KSRy 2( B RBF
PRI, I I 2 B 58 U IE A I A% 48 2K 7k (grid
search) K ASEU TR , HRAEIE 7 2 f5e /DN DU B )
Z% C F1 RBF #% &5 g iYMH.

RF J&— b3 T3 280 AR B ST i, ‘2 3
T H Bl (bootstrap) A AR FEAS Rl IR Z M AEAS, X
FEANFEATEATHE RS AL, I X I G P SR 1) i
DR V35 J5 A8 Rt Hh (230, SR RF #E 55 MREARSL
fili 1 b 1 R A B T A R RO AR R A,
AR SRR B T AR D B, AR R A
ToE.

2 HR59H
21 TESSRETEEFEEFHITHMEREL
143

WS X 32 3R I AR AR BE RO, i 2 2 1
Cl\ Na'", Ca?* & REREILIRBERRGER 1) M5 O
S ) X H R T 0 g ARERE(<3 g/kg) .

ARG ~ 6 gkg) . TERfE(6 ~ 10 g/kg) . FERAL(10 ~
20 g/kg). hE(>20 g/kg)?t, HYMER, ZX THERE
Tt BRRBCV)FEREHE, CV>1 Fnik
5, CV=0.1 ~ 1 K/RhaEAEF, CV<0.1 £R5574%8
S0 L3R4y Nat, Ca> g T4,
Cl By, HEREENAK, 5Hm Bl

® 1 LEXRDREFEFFROBRESIT(g/ke)

Table 1 Descriptive statistics of soil salinity and ions
TH  AME RO IR PE BRfER v
oy 2.58 63.75  61.17 2245 13.32 59.33

Cl” 0.07 2396  23.89 3.55 5.14 144.43
Na* 0.37 18.59  18.22 5.40 4.03 74.71
Ca? 0.13 4.00 3.87 1.75 0.91 52.00

TE P<0.01 W E/KFHF, #4505 Na™, ClI', Ca**
Bt WA OC, (H ST A OC R A ik E] 0.978
F10.814, MM H5 Ca?" WIAHIC REUHXTEL /N, R 0.645,
BB TFZE, CI5 Nat IR EHSE, HERECH
0.833; 1ff Ca> 5 Na', CI" B /N T 0.6(55 2).
ZIX LN ARLER S AL

k2 ITEHHSEESClI . Na'. Ca? BF

BEBEXSH

Table 2 Correlation between contents of soil salinity,
Cl™, Na"abd Ca*

o cl- Na* Ca*
oy 1
cr 0.814™ 1
Na* 0.978" 0.833" 1
Ca?* 0.645™ 0.535™ 0.523" 1

e o *RIFRLE P<0.01, P<0.05 7KF-C8U)) b 53
K, T

22 TEHSFTEETF LTI FFIE
HRAE & dh i, XERAEDIFEARAT RIS T, LR
PR 5SS, R B A i A G i 2k
mME 2, AR Cr & HHOGERERIY : 5 508
T 2B AL, ZEDE K 350 ~ 600 nm YGiE TR
B, BEVA AR R R K K KT
600 nm J& , RGP FHK, RIMFEE CI &k
hn, SR SRR, HAEE 1370~ 1505, 2170 ~
2 304 nm FfHiT R HOGRE M LA g sl , 7R3 2 200 nm
ZJa, RO REEEREEYE, SCAWRER—
#2627 Horp, P 1800 ~ 2 000 nm X [F] £ Tk %
WECHE AL, XK 35 S S L BURR ST, Rt X
Ot R TR KNIFES, A ES 5+
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BT RSO ERL, R Nat & i 14
JCIERHERI . SRS Cr ML, TEREK 1
374 ~ 1 499 nm X [A] i 5 58 25 S48 K TR 2 165 ~
2 324 nm P EHRIZL, AR Ca¥ & HHOLIERE R
BNy Brdem S atah, HAOGIE RN, Ot
TN N5 Cl T Na® A HEA i 25 (BAED K 1355 ~
1495, 2 175 ~2 314 nm 7RA3 AHX B2 A LA o

Zi b, HHEREEET(CI. Na'. Ca¥)fi
A6 M G AR S ARG ARG R, I HEi1m
it e 7 1 XA A I I HAT A SRR

23 TERE—MSHSESBEFEENEXSN

F I B E T A RS RO R R
SE AR A IR R B e — B, AR b
(14 5 B Pl FL A AR, TR RHBLAA 7RSS LA (] 3),
VLA B ZEER 5 B T £ HOG SRR B A0S,
ARy TR T SO0 R PR R B A G
FZh A bk, HIEK 350 ~ 700 nm, —F KER
SIEASC, MCREOR S E I, HRTRBLIES
IR T T A OGS — 25U - O
R A& S — B R BRSO

OO (=3 OIO (=2 .O (=3 O. OO (=3 O'O'O [ O’ <Dl OO (=] 0.0 (=3 (=3 O.
v O v O v O S v O v O v O S v O v O v O =1V}
N O 0 — o0 O - N n O O — on O - N cn O O —~ o0 O - N
— = = NN —_— - S —_ = - NN
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E 2 FFE CI. Na*. Ca* &8H1ENiLML
Fig. 2 The soil spectral curves of different Cl" contents
1.0r cr 1.0r Na* 081 ca™
o6k ! oot
= 04 = 04 = 04
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K00 K 0.0 R 00
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_08 1 1 1 1 1 1 708 1 1 1 1 1 1 ] 6 1 1 1 1 1 1
350 700 105014001 7502 1002 450 350 700 105014001 7502 1002 450 350 700 105014001 7502 1002 450
WK (nm) WK (nm) WK (nm)

3 TREASFEBTRAESHIE—MNMIBXEIFT

Fig. 3 Correlation between the first derivative of soil spectral and the contents of soil salt ions

24 TERSTEFFHSRIEHFEEE

TE P<0.01 WE/KFET,CI &5 459,537,652,
1377, 1381, 1386 nm JEK TS5 F—Fr T
FHRSE, Natfri 5459, 537, 1377, 1381, 1386,
1 640 nm P T 14 St 38— S 45 i 5 AH G, Ca?t &
15459, 537, 652, 1381, 1386, 1640 nm P&
TR R SRR EAHOC, JFH, CI A Na™ %
it 5 OB B G T AR B A O R (I KT
0.80, 1M Ca" R B AHC REAL K 0.58, CI- Al Na* &
5 FHOGEA R T Ca> &t 5 OIS
AHOCHE WA 8 22 (R 3). MelEh /> 25 T 7R fUsk
W BErh B R e (S XUAE ) Halisd T P<0.01 i

KRR AT 459, 537, 1381, 1386 nm /E M4
HEB B o T 350 ~ 650 nm P K> R T 56
TR AR, HohHE 459 nm MG R B0 R, H
W 537 nm, ARHEAHSCYE R HLR 3 A JEI S5 5o
M 2 AR AIE , 1B HORE G R R Y 459, 537 nm /E R Bk
FRFIEPBL
25 TEESFEBFHSAITHERDR

W RRAIE e B X ) fb SRR I BT TR 1Y 13
MZ—Br-FECYE A A, FIH MLR., SVM,
RF iy R R R iy RO R, AR5
I SR A5 2 o) S AR AU A 9 FX L (R 4)0
Pt Cl FEmis, 3T 4 MMFFIEGIEA H Y S AR
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®3 TEESETEBETHEBIKE R 9 0.81 ~0.91, RMSE 2 0.83 ~ 0.96; R/ H 0.75 ~
Table 3  Sensitive bands of main ions in soil salt 0.78. RMSE j’f] 123~2.01; RPD ijj 1.76 ~ 1.92: %
- + 2+ N e A
“ e ce T2 A GE DG R R2H 0.82 ~ 0.89
HUEM B (am)  r BUEDEBt(m)  r BUEEB:(m)  r RMSE 4 0.75 ~ 1.00, R,>5 0.73 ~ 0.80, RMSE }
459 0.80" 459 0.82" 459 058" 1.04 ~ 1.94, RPD ik 1.87 ~2.11; WAV BEAH2Z A
537 073 537 078" 537 0.577 Ko Na' Ml Ca™ B RBAE B ZE AR, 31X
4 R e Y A L
62 o 137 058" 652 056" VLA SZ R VAR, P ﬁ—ﬁwﬂ%«ﬂz&(jw
1377 0.65™ 1381 0.60™" 1381 0.41" A 537 nm)Eﬁﬁ{E*%ﬁélﬁ%:ﬁ 44 %?Eﬁfﬁﬂ/{ﬁ%ﬂ
' ' ' P, B2 SO g A B s . R, 459
1381 -0.60 1386 0.66 1386 0.51 9[:1] 537 nm A T{’E?ﬂﬁ%ﬁﬁ/ﬁfﬁﬁ‘}/\ﬁﬂt 4 /\"PT:?E/BZ
1386 0.60™ 1 640 0.61™ 1 640 0.52"" Bt A1 iﬁ%ihﬁig%?ﬂqﬁfﬁ fi@‘i@*ﬁo
x4 TEESETEBTHEESHITREEE
Table 4 Quantitative hyperspectral inversion model of main salt ions in soil
HaET @Bk BB A ivgh S FEXS 43 Hr iR 2% RPD
RSERH RS )72 RMSE HERBR  HITR2Z RMSE
Cr 4 0.81 0.96 0.76 2.01 1.76
MLR
2 0.82 1.00 0.73 1.94 1.87
4 0.85 0.92 0.75 1.35 1.81
SVM
2 0.85 0.93 0.74 1.18 1.88
4 0.91 0.83 0.78 1.23 1.92
RF
2 0.89 0.75 0.80 1.04 2.11
Na* 4 0.78 1.14 0.68 1.02 1.71
MLR
2 0.79 1.09 0.71 0.98 1.80
4 0.84 0.93 0.74 0.96 1.82
SVM
2 0.83 0.87 0.76 091 1.85
4 0.87 0.85 0.79 0.86 1.89
RF
2 0.89 0.80 0.81 0.79 2.03
Ca** 4 0.39 0.56 0.44 1.37 0.97
MLR
2 0.37 0.68 0.46 0.38 1.06
4 0.45 0.61 0.48 0.36 1.26
SVM
2 0.42 0.60 0.51 0.42 1.43
4 0.80 0.44 0.61 0.50 1.77
RF
2 0.77 0.48 0.57 0.51 1.80

FEARRI S EOMN R SRR BT | gk 3 F
BT IE AT LU I, SR RF #5719 CI. Na* Fll
Ca¥ & MR R2 M 0.77 ~0.91, R>HM 0.57~0.81,
RPD 4 1.77 ~ 211, M BEARCHAD 5 2, HK & SVM
BAY, MLR BEAURE BE Ao RF AU AT DU 1 0
FEERDBE T, JoHX Cl S B TS B ey, e
K& Na®, [HHXF Ca?* ) AR MRE FE R IK, RPD A
1.77,

ZE b, 7 459 1 537 nm JEBEA OGS — B S5k
AL RF BAGE  HE 32 B R 43 B B A T

JOREUERTSE . 7E RF RS0 I0 (1 R0 S 00 {0 0t P&
Al DUE Y, BUNEE S A6 1. 1 Zmi,
VA 3 RO A A R M Se R, RS AT
(K 6).

3 it

FT A B WA AT DOG- 1 20 /MR +
SR AEVEATAGIN , (E RIS e 7 2 P g P ) RLUBE I
PEAT, N SR ERATE O EIR, X L =
JEIE NG R A, Al RSy L oKy L B R L
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Fig. 4 Evaluation of random forest model based on significant characteristic spectrum
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DFFEIX 3 CI, Na® &5 850082 [
AR PER B, B Ca? & 5 HAH S ME I R Bl 4%
2% 5 FET ARG BT A & G e b AR, B2 R0 BT
(CI'. Na*fil Ca?")iy 4 D38 XY B (459, 537, 1381,
1 386 nm) 5% X F2EEL 40 B F R B, T H:
T ELA B AEAR G R ALY 459 F1 537 nm 10 B HRAE
B

2)IETF 24N I R D B ST AR 5 3 44
FEIE I B 7 AR AH 2258/ N, R R X L3 T
FE U LA BsmaE FE . 3 ROk, RE AL
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