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FEXIRUE b, RIIRW R SRS R R 62
T R R MEIG R, AN R AT VA RE T T DX 3
JUBE A 3 L T 8 SO AT 7, DA AR et i Ty
TR S AT IR AE IR 2 5 AT
IS FH I, R P BB ML AR B FH K TR AR P A8 ]
T 57315 S R 75 fiff o F) S B 1) o CHBMRR ke 1 5%
B A L] AP s R SR R R BRI 30 AMANRIME A
PRI FH 1) T2 0 P 0 5 - S e 3 R s, T (X
JUBE AT 5 P ) ]ROBE R RO RS RURS FE 6T B, AN [ 2tk
AR AN AN ] T 2 A A Y A [X 45 RURE T RS AR s Sk

Pt Ji Hh R A P 3 S o S s AR R [ R e AN i

WS IR )y EM38-MK2 7 X 38R EEA FH 38 #1534k
PR R 22, Nk RS HEAOL SR AR B .

1 HRST%

1.1 HARXER

WF 78 X s b bR B IX (B 1), HiEAT
BT (80B0—81°58'E, 4022'—40°57'N), 4B
X AR PUAHEE 281 km, wALAHEE 180 km. ~FHAiik s
FE 1011 m, JLEAMRETE, MRS RIS
Y, HhIAILR AR, S R A AR iy e M
T AE. HARKERIEESE, R 107 C, F
HH 2556.3~2991.8 h, JLFEHH 220 d, S KEN
1988 mm, EXRE/KE 50 mm, ZEFEELZH 40 5.
LA FE O W DA Vb, R
S EBEMRIREL . WHER ShA AL . R KA
LEE 0.6~6 g/L, iR AKHRVR 1~3 m®, 43 pH fE7E
7.26~9.23 81440 . T EFEAEY)AFERRIE A
SERMKRESE, Kb MmAeMERD MR, 4
1.55X10°hm?, 13 4R 5 R 0 L 5 R M0 R4k
WITERRH . SZH I . SRER . BTN D DL K PR
b, HIFR. BEMHEL KRG AR ER TN, RXA
TR LI G B H s I A, B
VeV 52 BIANFIRE B I R A a5
1.2 RYBSEHFEMTIEHEREE

EM38-MK2 il & i Fl R AR s 1B 2 s, AR
HIF 724 N2k GEONICS 2 & A= = g sl K FL
AL EM38-MK2 RAEHIER W SR EHE (ECa,
mS/m), X FH3E B B A HL A 71 2E 710 Rhino S1 -3¢
KA R G0 RAE IR T FF 5 - EM38-MK2 TAER] $2 it
2 FhillsE R, EMH A1 EMV, SRR ATIE 2 DA
[F) R e T RV L 2%, EMIHL 5 il 2
RPN 0~0.375. 0~0.750 m, FM S HFHIE 27
55N EMHg 375 F1 EMHg 75, EMV R0 T (900 58 VA
A 0~0.750 A1 0~1.500 m, FMHL SR E G5 A id 5%
 EMV, 75 F1 EMV; 5.
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Fig.1 The geographical location of the study area and
the distribution of survey samples

B 2 EM38-MK2 M mA= L HRE &

Fig.2 Distribution of EM38-MK2 measuring points and

soil sample collection points

Rhino S1 HHERERGHFFEKE N 1Im, NE
H PVC BGEYE, BUCVE EAL 36 mm, A SEHELRAT
IR B SRR . FHTEVEME IR, B DR I [R) 2
30~60 s. 58 i B BURVE SRR 0 1 m )58+
SRR S, R S B 28 03 7 BRSNS A AN BB
A R AR koK oy 2R A ER ik o

LREFIE RN LSBT . fifE
Mt T SCHIE R OLAE KR, FERTRR B XN
RRAEAAR X I A 30 /MR AT IRCRE DT, SRR 38R
W PR 2R B AL SR TR o SRR E] D 2019 4F
3 AN, W 1 foR, (ERTFIX ki 30 A
FI LB AR GERUS KT 10 hm?), 3 A A
WK /NN 100 m><100 m [IRETT .

e 2 Fros, RERW A FREIEN, N1
FETT N R A R A B VO T, 3T SRR AL
MIEHL, KA 6 S PATHRAEMIE T [ Al 6 2% T LA
FERMAE T A1/ EMH AT EMV 130T IE 820k 200
FERYYE, TP NMAIR, B EEZ) 3 m. R4
B LR FL T FR e R AR I UL A R Y B,
J7 AR A i T 5 458 2R IR W 3 B A AT
AR LR 18 MRMERE W i T R8s, B
FE R EMH F1 EMV BECEI5E 3 70, SREXA) R M H
SRYIRHCFME. A 18 MRV A FREWEN 2
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£z FAEAH Rhino S1 THiERERGURLE 18 HIREN
0~1 m [P 3B H T FE AR EHR » 30 /M5 HR4E 540 4H
FRAERE SR TR 0, A 4 MR T
A, Tt 2 160 M AR R TR A . SR 4E 540
BN EYE, FFE GPS idREAKAE SIS
AT GRERE/NT 8 m), &5 3R 9e
A F N 3 AMESE (0~0.375. 0~0.750. 0~1.000 m),
Lt 1620 ANEHIEREN . fERBRA T HYAR A
LR AW IR E T A Al R BT, BUX
TR EE IS 2 mm 8 H, B NREEREARSOE (R B
300 g 3%, #AsKEERN (1) BBk, T
EHTIEHR SR, HTHEESFRSRMB TR
PRI
1.3 BRGERERIFNERR
AWFFLL Rhino S1 3R RYiR4E. AbFH.

D72 (1) 540 2H 135 1 T2 AN . EM38-MK2 7€ (1)
540 ZH T3 R SR EI AR SAE, LL 3 DA
TR+ 4E¥%0HE (0~0.375. 0~0.750. 0~1.000 m) Hi 5
FONHEARE, 4 P e T HIERWE SR

(EMHp 375+ EMHg 75« EMVg 75« EMV;5) A HA &,

3 ST AT AT XA FH AN [ 9R FEE 498941) 1T (0~0.375. 0~0.750.

0~1.000 m) )HE S J AR T
AN eI (MLR) . 4 [l

(PCR) /N —Fe[n]IH (PLSR) . £ mlEAHL(SVM),

BEHLARAK (RF). #HZR%% (NN 6 Ff. 1, RF 2
— PRI LS, R 2 AR SRR REAR S AT
WISk A ZFITM N8 2% 3 73, SRS e ]
FIE TR HBENLHES, BRI T 88 n 5
MriRzs, HAFEEKR, HIETH T I fBA 1
TRERE, & T BB i m R B, NN 3
FREHARZT R ZINGN2E TR, R T ek
BIUTS I BARThEE, EIE & REAARR  RE AL
TR AEEER I S ER, B HA S A ARk
PEL V2 A PESSEAR BA MR g R R S [X 3 R A A
L5 FHA] ROBERRY 2 i, XIS RBE AR Sk 30 MFE T I

T SR R S RIS, BV 1
SRR, ) R R Rt B —RE T (R W TR
B AN T35 5 R A T B SRR

PR TR TG P AN 52 PR BOVE A P b A v R B
(R, H7HRIEZE (RMSE). “FH4axt [ 45 iR 2
(MAPE). #*%I40#ri2 (RPD). R? iy 5
TR 6] (9 AH I HE R ;. RMSE Ao 3o A5 [ Tl e
MAPE # 3G (RS FE . AHXS T RPD 15, TG FE
YN 5 NS, M RPD<<1.5 B38BT vE T 5
W, 24 1L.5<RPD<2 WK BB AT BT AIE A TE, 2
2<RPD<<25 WJRIBAIHRLFTNGE 1, 24 2.5
<RPD<3.0 I #5584 LA R IFHIFNIGE /7, 24 RPD=3.0
IR B WA RO TRINGE 7%, R? Rl RPD K. RMSE
1 MAPE /N, NG 74T, e .

2 BERE 5

2.1 BIELIEBSRGIHHFHIE

IR R RGO RE R 1. BR 1 A,
AN R FE IS ) 2 % T 0.120~11.015 dS/m
Z 18], BWREK, F/IME AT 0~0.375 m T35
t, JRAEAT 0~0.750 m HaE#IE S, Mo,
0~0.375 m 3381/ i) H 3 #6365 [l o 0.120~8.963 dS/m,
0~0.750 m -3 Yy 0.185~11.015 dS/m, 0~1.000
m 35 T )9 0.354~10.650 dS/m. A [F) 34 4 138
[H ) 5 P 1448 7E 2.080~3.769 dS/m, 0~0.375 m )
HL SRR, 0~0.750 m ik, 0~1.000 m 8%,
LA b 35 TR B XE nm  hn E Es, IX R R A
ZEWE KRR Z TR I BITRE IR S 5.
B RECRE, &2 HIBER SRR 2HE R,
0~0.375. 0~0.750. 0~1.500 m 3331 fi 2% 57 22 5050 7
4 65.10%. 57.00%. 53.90%. @HIH T, ZBF AR
HUNT 10% 59728 57, 557 250 10%~100% 4 H 554
T, BRABOKT 100%Jy58As FBY, RFE 45
T SR R R AEAR SRR,

ERE-L SRR S SO Re s S
Table 1 Statistical characteristic value of profile soil conductivity

+JEAEEIm SR Fe/ME/(dS mY) BORAAI(AS mh SEHEI(AS mh FRAEZZ/(dS mY) 5 5 ZHU%
0~0.375 540 0.120 8.963 2.080 1.355 65.10
0~0.750 540 0.185 11.015 3.252 1.853 57.00
0~1.000 540 0.354 10.650 3.769 2.031 53.90

22 BETEMEEFENHERERIEE

SR I £ 1k AR YA T ) R AR o ) T
P, % MLR. PLSR 1 PCR 25 £k 1t i85 J5 VL g2
FH ) ROPERRY , DUEREANRG FHAE 5 SRAEE ) 18 >3 FE
AR AR, R ZAER 4% 2 0 1 el o
PR S TAE, HAh e 12 4REA, T4E 6 4
FEAS, ¥ 30 AN FH AR FEAR SR N
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AR LB MR S R P LR 2. IR 2 T4, 7E
TEARAE 3 PR P AR T Y (VI AS [R)VR P 3] T A
RUKE B 22 R/, 0~0.375 m IR EE MLR BiAUKS
FE{ST PLSR I PCR, R®4y0.88, RMSE. MAPE %}
%259 0.50 dS/m #1 0.21, 0~0.750 m #1 0~1.000 m 1%
REER, PLSR Al PCR JEA{REF—5L, 0~0.750 m [
PLSR kS &, R? 9 0.95, RMSE. MAPE 435l



REM S T AN B (Y H S R AR T 7T

4 0.41 dS/m F10.12. 7ESGUEEES, 3 FhARIRE 1
3525 T PR 5 R S YR AR IR (1) 25 FE b A T R A AR AR Y
KA — B R T, (HARIEBE R?1E 0.83
PLE, RBRFGEA RS TES RPD HmfE
N 278, FARME N 2.35, AT UL ELAG B BAR 451

l~

TR GE 7T o AR BE - 398350 T LS R e 3 25 R
BHF N PLSR>PCR>MLR. 7£ H &) < i
WU 3R I SRR R MR R, AT
3 AR M AR 7 VA X 3 R FE HP I PR AT o

% 2 TR &EEM T kW A R AR B
Table 2 Field scale model accuracy of different linear modeling methods

e BiiE
HBTE LEEEm

R? RMSE/(dS m™?) MAPE R? RMSE/(dS m™) MAPE RPD

0~0.375 0.88 0.50 0.21 0.84 0.56 0.24 2.36

MLR 0~0.750 0.94 0.48 0.13 0.87 0.67 0.18 2.68
0~1.000 0.92 0.59 0.14 0.87 0.78 0.18 2.55

0~0.375 0.91 0.42 0.19 0.84 0.54 0.23 2.42

PLSR 0~0.750 0.95 0.41 0.12 0.86 0.73 0.16 2.47
0~1.000 0.95 0.46 0.12 0.88 0.72 0.17 2.78

0~0.375 0.91 0.42 0.19 0.83 0.56 0.23 2.35

PCR 0~0.750 0.95 0.42 0.12 0.88 0.67 0.16 2.68
0~1.000 0.95 0.47 0.12 0.88 0.71 0.17 2.78

2.3 BETHMERGZENXIBRERREE

EHL MLR. PLSR #1 PCR3 Fh it 4%i 7 %) 458 ey
TR AT TN AT A TR ARG, K H ) R AR Y
() T AR 5 T 4 0 I R 5 45 31 X s R T S Y £

AR S TN, Horh iR 360 A HIRFEA KR,
T4 180 41 --IAE A M . R 3 R ARy B2
B, HERSFNNRE, W TR TTIEN
DR B

& 3 TRE &M EAR T R0y KB R EREA B

Table 3  Regional scale model accuracy of different linear modeling methods

g BE
BT LREEREm
R’ RMSE /(dS m™) MAPE R? RMSE /(dS m™) MAPE RPD
0~0.375 0.34 1.08 0.57 0.33 1.15 0.55 1.22
MLR 0~0.750 0.53 1.26 0.41 0.51 1.33 0.44 1.42
0~1.000 0.49 1.44 0.42 0.48 1.48 0.43 1.38
0~0.375 0.35 1.08 0.57 0.33 1.15 0.55 1.22
PLSR 0~0.750 0.51 1.28 0.42 0.48 1.34 0.46 1.37
0~1.000 0.48 1.45 0.43 0.47 1.49 0.43 1.37
0~0.375 0.34 1.08 0.57 0.33 1.15 0.55 1.22
PCR 0~0.750 0.51 1.28 0.42 0.46 1.38 0.46 1.37
0~1.000 0.48 1.46 0.43 0.47 1.49 0.43 1.37
ARG Ve AR 7 vk B XS R A ARG FE VP & 4 )2 IS RV Bl I B S H R &, [R— AR
RUNER 3 P, fEEBEEY, 3MEBINERNAARS  HRETy a8 it 8 S K A s R L 3

EERARIE, 0~0.375 m HIEEE PLSR MK E
B8 T MLR 1 PCR, R?34 0.35, RMSE. MAPE %
5179 1.08 dS/m 11 0.57, 0~0.750 m £ 0~1.000 m +-1%
REER, PLSR A PCR HRAMGE B AR FF—2, HiY
f&F MLR, 7£0~0.750 m f) MLR #AE =, R

4 053, RMSE. MAPE 433>}y 1.26 dS/m £1 0.41. 7£
IOUFLEH, 3 PR A FE bR AR T A8 5 A
BN, RPEBA LR E, MLR A& IE bR
B84t T PLSR 1 PCR. MLR. PLSR #1 PCR &4 J5 14
) RPD #J<<1.5, Ui 3 PR PRI AIA BAG X 4 X K
ABARHEAT A BE /7. T 3P K2 B R Eh 5
P LSS RS TRAE , EM38-MK2 1 52 [ 2 W el 5 e

IR R R A WIEA T 2, H R ERR A B
UF SR TR GE 7 DX 4880 BE RS 230 25 R 21 A [ 4
FEJT OIS BE AR, 3, M R KA A 3E5
KGR ZARGREY, BRAR T X R R R
S 2 IX kR AR TN B S0 RIE T B
2.4 ETELMRESENXBRERIEE

I RF. NN Al SVM3 Ffi |2 it s 75y i) gt
T3 L R A ) 3 T S R AR . g R
N 4 Ffin, FMECT MLR. PLSR A1 PCR 2k 2455 5
1%, RE\NN FT PCR X3k R AN B 35 B B4 =
TEREARAE T, 3 PR T VA RS I 2 45K, 0~0.750 m
TR RF BOAUKS FEfe i, R4 0.85, RMSE il MAPE
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4354 0.78 dS/m #10.27, 0~0.375 m IR FEEEITHI R,
RMSE A1 MAPE 43%>5 0.80. 0.61 dS/m A1 0.33, A
RF FA g (KA . 0~1.000 m #ITHIRBALRS BEA T —
HZIA], BEACT 0~0.750 m VA FHIRERE . NN Al
SVM R RE P A AN [FIFE BE (R AR, (EAS R R P A 2
KL S RE RFF—2, BARHIETHE S
KN AR g5 AN, 4T, RF IR
PEREIH AR T NN A SVM #8Y, Sys sUm e HHEF K
YN RF AL >NN #i% >SVM #if, fEI6FsE,

ANFREER RE A EDRS BEAR T BRI A I e 22

5, H RPD 18b539>2.0, ViHARIAI AR, BELE
DX RUEE T AU UG R A S AT 0. NN A2
R> & T SVM, RMSE I MAPE 1T SVM. A[EREE
S NN A1 SVM ] RPD #4534 T 1.5~2.0 Z [, R?
FebrA T 0.54~0.72 2 18], i NN A1 SVM P15
BT FE ARSI T RIS it S8 A aR R A A
B SRS R, 3 R TRIPE R A Fa
M E BUEHE N RF R8I >NN #5575 >SVM 5
R, ROPARL M A VR AT R S T I R
S DX R AR [ TR P

k4 TR AR & A 7 k6 KR R EAR AL B A e
Table4 Comparison of regional scale model accuracy of different nonlinear modeling methods

e WE
wEDTE LEREm

R’ RMSE/(dS m™) MAPE R’ RMSE/(dS m™) MAPE RPD
0~0.375 0.80 0.61 0.33 0.79 0.64 0.35 2.13
RF 0~0.750 0.85 0.78 0.27 0.83 0.86 0.27 2.47
0~1.000 0.84 0.90 0.26 0.81 0.91 0.29 2.34
0~0.375 0.61 1.23 0.4 0.58 1.20 0.44 1.71
NN 0~0.750 0.76 1.32 0.31 0.72 1.10 0.34 1.95
0~1.000 0.73 1.47 0.35 0.66 1.28 0.38 1.86
0~0.375 0.60 1.18 0.61 0.54 1.26 0.65 1.61
SVM 0~0.750 0.74 1.4 0.47 0.67 1.48 0.53 1.86
0~1.000 0.71 1.58 0.49 0.64 1.61 0.56 1.66

HEREEm
(a) FEAHHE5404

(c) PEAKHi24041

(d) REAHR16041

B 3 RF#AREIH AKEE T 045 A B4R

Fig.3 RF model accuracy index under different sample data sizes
2.5 ET RF RENFEHAKIRERBEIEIRELR

DX 3 ROBE AR i 52 I RO B LA O RF A, Oy
PR FUHRE TS TR /I Bt 5 1 S5 A TR 3RAS R R A Y
FERE, DU B e A B SR BCR, b AT
Y73 VA Bt T8 BOA R 45 N, 0SS 2R AT S 1 47 B
MIH 9, BENLBCE R A SR 73 3 5 B 540, 360,
240, 160 3t 4 MEAKIR R, SHEAEIEEN
160 I, Joikdaie 201 O ELBIEEAT AR AN TR, i
R By 107, AR BN 53. 4R
3 fr7n, M 0~0.375 m IR KA, 540. 360 1 240
FEABAR BbE I PRI 2 Ak, R I5 0.80,
RMSE £ 0.60~0.62 dS/m %%/, MAPE 7f 0.33~0.35 2
[A], 20<RPD <25, A[FIREAE & N RA B
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TR GE /7. 4FEASEE RN 160 I, R® M\ 0.80 A%
% 0.77, RMSE 1 MAPE #({§ 7+, 1.50<RPD<2.0,
Wi AR S R A S H A A T RE D

0~0.750 m RFET, 4 FiAREEER RF B4
R’ #7E, RMSE 7E 0.78~0.85 dS/m %, MAPE fE
0.26~0.28, RPD {#¥F1E 2.35~2.47 2 |f], FHIFEARL
P DR B BTN GE /7. 7E 0~1.000 m
VRPN, BEREA K B> R? t 0.84 PR = 0.81,
RMSE 1 MAPE £ I Ft#%%, RPD H 2.34 [#1K4 1.94,
TR TN B8 7 F A - T S5 4 o8 A1 2 KL s A 45 20
SARIIHT , FEAKR B 540, 360 240 3t 3 AMERFERT,
RF AR T A XA ) Wil ae /. FEREA
BN 160 i, BAUKEEEA BT T, (HBERTFEARLL
PEIEATRIE A 1o 4 DA FRREA B E H, RMSE.
MAPE F1 RPD 5% FE VAN T b H BB ASE A B0 /1
I8/ D BT At e TR B2 5 32 I R 1 Ji R T g
TEARRE AR 55 T 5 FEAR S -
3 7 g

AW FR, KA VRN, XIS AR
T S YR PR B AR T H (R ROBERR Y, — 35 R R 22
Sk, AR 2GR B T VR TR A R e DX AR A
(I RTERE B, HLAS 2R AR f T 8 /7 30K SR
LR M AR VAR, DX 3R AR TR (AR R e YA I
EREE, BT GE JI 5 T B A A T
AT GE 7. MR ) SEHb SRR 22, S0t == 3 dr Al
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EM38-MK2 TAEJREE, HJFRHE A LA LA : Of
SRR, £ G HRZ KR,
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Calculating Electrical Conductivity of Soil Using Electromagnetic Induction Data

WU Jialin!, PENG Jie'", BAI Jianduo®, WANG Jiawen®, JI Wenjun?, WANG Nan®
(1.College of Plant Sciences, Tarim University, Alar 843300, China;

2.College of Land Science and Technology, China Agricultural University, Beijing 100083, China;

3.College of Environment and Resources, Zhejiang University, Hangzhou 310058, China)

Abstract: [Background] Along with drought, soil salinization is one of the most important abiotic stresses facing
agricultural production in arid and semi-arid regions like Xinjiang in northwest China. Saline soil is estimated to
have reached 11 million hm? in Xinjiang, and is a major limiting factor in cotton industry in this region. Accurately
measuring soil salinity is hence important to safeguard cotton production in Xinjiang.[ Objective 1The purpose of this
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paper is to present a new method to estimate salinity distribution at field and regional scales to help improve
irrigation and cultivation management. [ Method] The experiments were conducted at Alar reclamation area in
southern Xinjiang. Electrical conductivity of 540 soil samples taken from 30 cotton fields with different salinization
levels were measured in soil profile at 0~0.375, 0~0.750, and 0~1.000 m depth. Using the electromagnetic induction
data, linear and nonlinear models were constructed to inversely calculate the electrical conductivity of soil at field
and regional scales respectively. Stability and reliability of the models was verified against ground-true data using
the sample-size-reduction method. [Result] At field scale, the coefficient of determination R? associated with the
multiple linear regression model (MLR), the partial least square regression (PLSR) model and the principal
component regression model (PCR) varied from 0.88 to 0.95, while their associated R? for regional scale was from
0.34 to 0.53. The R? of the nonlinear model built on the random forest (RF), neural network (NN) and support vector
machine (SVM) varied between 0.60 and 0.85, with the RF most accurate. The R? of the RF model for calculating
the electrical conductivity of the soil profile at 0~0.375, 0~0.750, 0~1.000 m was 0.80, 0.85 and 0.84, respectively.
Compared with the linear model, the model for regional scale significantly improved the accuracy. The sample size
in the RF model for regional scale was reduced from 540 to 240, while the accuracy remained almost unchanged,
indicating the regional-scale model can reduce the number of soil profile without compromising modelling accuracy.
[ Conclusion] For constructing the inversion model for estimating soil-profile electrical conductivity at regional
scale, the random forest method is most accurate.
Key words: electromagnetic induction; regional scale; soil electrical conductivity; inversion model
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