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Spatial variations of apparent soil electrical conductivity in the saline-sodic upland

soil of the Songnen Plain

YANG Fan, AN Fenghua, MA Hongyuan, YANG Hongtao, WANG Zhichun
Northeast Institute of Geography and Agricultural Ecology, Chinese Academy of Sciences, Changchun 130012, China

Abstract: A representative saline-sodic area measuring 300 X 160 m was investigated to determine the salinity and sodicity
levels in Lesheng Town, Da’an City, Jilin Province, northeast China on April 4, 2013. Apparent soil electrical conductivity
was measured using EM38 (electromagnetic induction) and GPS, and its spatial variability was studied by using classical
statistics and geostatistics. Correlations between apparent soil electrical conductivity, including apparent soil electrical
conductivity in horizontal direction( EC,) and apparent soil electrical conductivity in vertical direction (EC, ), and salinity-
sodicity parameters, including soil ions, EC, s, pH, ,, sodium adsorption ratio (SAR), and soil salinity content (SC)
were analyzed in the saline-sodic upland soil of the Songnen Plain. The results indicated a moderate spatial variability for
EC, and EC, in classical statistics. Frequency distributions and the Kolmogorv—Smirov test for normality showed that EC,
and EC, were not normally distributed (P < 0.05). Therefore, mathematical transformations were performed to convert the
data to fit the normal distribution, which is a prerequisite for calibration of the theoretical model and generation of

semivariogram parameters and kriged maps. After log—transformation, EC, and EC_ showed normal distributions. The results
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of geostatistical analyses indicated that LogEC, has a strong spatial variability and dependence, and the spatial distribution
of LogEC, is affected by structural factors, which might include topography, hydrology, and climatic factors. However,
LogEC, had a moderate spatial variability and dependence, and the spatial distribution of LogEC, was jointly affected by
structural and random factors. Empirical semivariograms for LogEC, were simulated by spherical models, but those of
LogEC, were simulated by exponential models. The results of a Pearson correlation showed five indexes of salinity—sodicity
parameters (pH, 5, EC, ;, SAR, SC, Na") were significantly correlated with EC, and EC (P < 0.05). The correlation
coefficients between EC, and five salinity—sodicity parameters were higher than that between EC_ and five salinity —sodicity
parameters. A stepwise regression analysis revealed that the regression prediction models with EC, and EC, could explain
most of the variations of the soil salinity —sodicity parameters. The regression prediction models between apparent soil
electrical conductivity and five salinity—sodicity parameters were linear. The determination coefficient of EC, was higher than
that of EC,. Therefore, the apparent soil electrical conductivity in a horizontal direction could be used to calculate the index

of the parameters of soil salinity—sodicity and to indicate soil salinity—sodicity in practical applications.

Key Words: apparent soil electrical conductivity; spatial variation; saline—sodic upland soil; EM38; Songnen Plain
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P BT SR AT S AR e AR B T TR R B R S OR AT
2R vt oo N T B 9 VN R YT = PN 1 = S i oo I O X f 2 R e 8 o [ B2 3 0 O S E R A
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WFFE XA TANOE I 5 MR VU R T AR %, HB B ARFR A 123°21'31"—123°40'58"E ,45°26'28"—45°
29'27"N, ZIXERE Lz oA, TR MR IR AT Eh T 1, A 4 P LR AT (NaHCO, 55 Na, CO,) 24 3, pH
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{HZTE 8.5 DI, JEAN KO B FE A b BE R AR AR S g AR A X, R AR e+ gl + . % IXUg
T KB R, ZAEF R KR 413 mm, AFZE A BROR, WA 2—3 %, ¥R 4.3°C, LR
25 140 d'™
1.2 ik SiAEEIt

TEPER L FE A — 7R 4T ER A0 5 B BB b VR S e A /N IX . ZNIXAK 300 m, 98 160 m, A K 4.8
hm? . FIH GPS I EM38 K HiHL 3 ASUHSE A, K 8 e /1N X A 6 B 572 F 1 X 4%, A K /A 20 mx20 m, 76 K9
R A A5 A LI, 1 Ry 4 3 00 F 5 R A O o, 3 144 AN LI 5, A AT SR A EM38 B S (g kK
Geonics 7~ F) ) X I X A9 e L S 3R aE A TIN5 . EM38 1) P FE i JEny 10 SR ] DA SR = 4 fh b I SO0 56 000
HEENBR SR, EA PRI 1 B A RMR L IR 1.5 m, K PR R X B 40 R B 35 0.75
m, RIS - 3 I S R A 43 S 3 7 [ FL S RN K i) i SR

JAATE 2013 4 4 H 20 HibAT, 7EVAA X, T3 % &SR] - 583 WL HL 3 5 1 25 ) 43 A1, (S RF A FE IR A
XA BREC B9, R GPS SE AL, 7 TR TR f W I i B IR B T 46 Nl ok, R 4E T ek
i, W A B R AR . - R EORE S B HRE VR B 0—30 em,, X HIEAE SV AT E R 0, e g mT
BB F (KT, Na™,Ca™ ,Mg™ ,CO% ,HCO;,S0% ,Cl) , T nI B F B (SC) ,EC, Jf pH, [ ITE
AR (SAR) T i SAR AR .

FRIK B HE ( sodium adsorption ratio, SAR) & P Na* B T [F] Ca®™  Mg™ B 1 17 24 4k i 107 7 MR 19 kb
{E, B

SAR = [Na') (1)
([Ca™ J+[Mg* ])/2

T, Na®  Ca™ Mg™ B T B BA7 4 mmole/L, SAR 5437 4 (mmole/L) 2
1.3 Bl Hy ik

FEA I FEIRYE AT R SPSS 11.5 3k F#17 , H Kolmogorov—Smirnov ( K-S) KrIa e & & 2 IES 4010
)y 25 BRI L8 2 A BRI GS* for windows 5.3b #EATHHEL . B 4ETE GS™#RAE h X AR4FA IR 454377 1
BRI AT X B A LR A T2 07 22 sRBU T B A3 BT FUR: 565 5 A Surfer #1247 Kriging 61, A&
B 2 dEzs ) oA
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HeERm, QSR P AR T S EBORH 22 AR 0N, URBH 3R T R B — B, MR 1 AT EC, I KAE N 74 mS/m, &
H/MER) 18 4%, 1 EC e K1H K 64 mS/m, Z5/IMER 6 £%5. EC, Fl EC ¥I{ESM 54 15.9 F123.5 mS/m, i%
X PUR R O B AR by B R, R 1 A A X R SR
EC, I FIMEN 23.5 mS/m, % EC, &, M EC, #l EC 1Y ELfE vl A1, HIE R 0.63 , b 2= R 0.16, Ui B R4
KR IERZ R SR NTHE I SR PIZ X2 TRIZ 8, R 28 CV) BAxs
S, RUBENLAS 2 B HORR B . AR =S RS S R BT S B AR (CV < 0.1) , 428 [ 48 57 (0.1 <CV
< D) FEEZSEAER(CV=1) " ) A X EC M EC, AR R BGERIN 0.1 <CV< 1, A4S 45 EC,
S 52 2R ECk 0.31, 48 EC /I 0.24, UL 62 R HEER Bifb s ()48 S5 R IR 2 H it as A s R, 784
FESLE N R EEITAL R R - (MEAR X 38 FRAR A [ 0 A Wi AS ) SR i Ak 3 0 A7 7 43 X, A5 4 X
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Table 1 Descriptive statistics on apparent soil electrical conductivity in the experiment land

i H 2 K /ME RRME W o o s 22 AR5 R AL
Parameter Number Min Max Mean SD Ccv
EC,/(mS/m) 144 4 74 15.9 11.4 0.55
EC,/(mS/m) 144 10 64 23.5 11.2 0.31
EC,/EC, 144 0.31 1.16 0.63 0.16 0.25

EC, : KTy a] £ HER L 5K | apparent soil electrical conductivity in horizontal direction; EC, ;3 H Jy [a] £ HEFR M HL T | apparent soil electrical

conductivity in vertical direction
2.2 MG BT T R A s )
22,1 BEHFEHIRRAUBIENETESN

MO BTy A AR AR R A IR N E S A, Rt B AT RS A A R e, F AR 2 AT GE et
Kolmogorov—Smirnov X} + 32 F& W B, 5 R 0 A0 AT IE S48 ( P<0.05, 2 —tailed ) , & B /K5 ) A1 2 B 7 0] +
HEFML L R IR IEZS A 4 EC, M EC, JEAT R EU A, #4505 EC,(P=0.338) \EC,(P=0.119) ¥£5 4
TESSI A W RHGE T AT YR, AT AT GE 1127 1Y 5 ok 8 AR F o8 R S e iy s () A8 S, A8
SR EO TR I B AR 5 A

R2 TERVESKESSH K-S KK

Table 2 Test of apparent soil electrical conductivity normal distribution by K-S check

gE| 2 % oMY i 2 446 41 K-S Sig

Parameter Number Distribution types Absolute value of deviation Z 2-tailed
EC,/(mS/m) 114 HEOERS 0.099 1.188 0.119
EC,/(mS/m) 114 RIS 0.078 0.941 0.338

T 5 2RI AR | B AR AL B R % 225 R (RSS) e/, RIS e R0 R ) Fe ke, B 3 T,
LEA T IR T Z 48R BB EC, 1921 7 2R LR 1T EC, 2 5 25800 1) S5 LA 70 Sk 48 $5 i 8
AR A B 4 (B 38350/ | AR T A2 SR 22 S BEAL IR R R /N, X EC, A3 ZEFE N 91.9 m , W
ZIERF 91.9 m B WEINAE & AH B 7 0, i SB[ 7 91.9 m DANAFFEE 25 A MG, EC, A RUERE
BEC, K, AUEREN 198.9 m, PEHIWLINE 2 (8] KT 198.9 m I, LI 2 AH T2 <7 14 1 S04 =2 TR 7E 198.9
m ANFEE 2 M B AC, R EE SIS EZ LT, 2 Ho i >75% B, vd B AR 8 HAT 55 %5 (8] H A5G ; ool
TE 25%—T75% 2 18], 28 it BAT rh 4523 18] [ AL OG s 24 He B < 25% s, 28 B s 2s (8] [ A EC, 27 22 p R
HI A H S I B EM AR 6.5% (< 25%) , i Bl As i HAT s 25 (8] B AH G, RIZKSFJ7 1) 3R WA 5% EC, -
I M 1 55 0 K SCODR 555 45 4 1 PR 2R B R Y 4 (R AR 5 TTEC, 2 25 BN () B 4 (5 5 3L S (5 10 FL A A

F3 WBHRGEETERUBSELFTEERSE (n=144)
Table 3 Variational function theory model and structure parameters of apparent soil electrical conductivity after logarithmic transformed (n =

144)

WH T Hedxfi iE HRATE s/ BG R 5% 25777 Fl
Parameter Model Nugget C, Sill Cy+ C Range/m Cy/ Cyt C R? RSS

EC, ERAR Spherical 0.0019 0.004 91.9 0.065 0.886 1.986E-07

EC, F8 4 Exponential 0.0025 0.038 198.9 0.478 0.832 2.453E-05
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S 25 AP R B AILPE P ZSE Rl Y, PRI, X 5 - S SR A A B VR ), 7 3 FH 7K P T 1) 38 3R 00
B3R EC, M IS FE bR, R 7T £h 5k 25 )48 SEARRAE , 20 A M b 55 Rk SCIR B AR S5 M P52 i [ 28 5+ e
LR SR HE I BT ER B R A E X R,
2.2.2 BT Kriging T E A9 ER 5 (b5 H UL SR 25 (0] 73 A

M T 22 pRBURE AU AR | 7 FH 58 374 % ( Kriging ) HEA T 8, 225 i 26 X BURG 40 0 1) - B3R UL L 5% EC
FEC, Mzs [ Am i, WA 1, S0 5 (7KF- 53 R R4 EC, Ml EC, 25 [W] 40 A1 5 AR L, 34230
AN [ R LT R 1Y) - 438 5 SR IR BB HOIR B e o3 A o 10 /N X A B K P e 5y ) 4 3R 90 A 75 A6 AR
A — B GAPIR A = ERH A I, D3 AR ACRIAE AR b (] & A — 8/ NI i B oA X, T 38 e DX s
R A BEHCR (AR ER AR IX , ER5i (0 5 H M 3 2 I A 22 55, hma™ o 1) DX Sl 3l s, TEE AR, ot
i b 3 SRR X SR B AL FR B R v , VR 7 AR 5 7E VA X AR, S B SR AL AR SR AL X E &K
PR, P IR B R[] B i E YR A VR 7 i SR A K AR S Ak
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Fig.1 Maps of kriging estimations of apparent soil electrical conductivity by logarithmic computation

2.3 IRV SR ARG 4T
231 HEERLH SR IR G AR A OGS AT

KoKV J5 1) RN 5 1) LR 338 5 IR AR AR AT Pearson 43 HT, IR BRIR AR A4S - 45 AT
PR B (KT, Na”, Ca™ ,Mg™,COY ,HCO;,80% ,Cl7) ,EC, 5,pH, 5, SAR 1 SC, T LRl b 5 H R M
SRS RAMCHEN I 4, EC, M EC Y 5ERAE IR 2R EH I (P<0.01) . THERVHL T ARAEH
S-SR ERBRRR R T DU 3R L A R 3R 4 R TR R R S IR A R 2 W, LR EC,
HEC, , 85 R RW KCFJ5 0] H 3R W F: 38 (EC, ) 5 #h Bl 6 br AH OC R B0 & T3 By 1) R WLl 7
(EC,) , ZZE R 5HAMB T 45 2 —2m™ T EM38 K77 3ROSR BE 7 Hh 36 f 5 , T M o
EC, S22 (0—30 cm) B R HEERGAR bR A SCHELF . PG, 7ERA B J5L A T EM38 I 13 R WL 5 %%
H 5 R AR5 1) SR WL H 5 %0 3B A7 ), BV AT 38 B4R H e b il BE 1y B 1
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Table 4 Pearson analysis between apparent soil electrical conductivity and salinization parameters

Iji H Parameter EC, s pH, 5 Na* CO?;_ HCO;3 SAR SC
EC, 0.831"" 0.839 * 0.724 " 533" 455" 0.838 " 0.796 **
EC, 0.907 ** 0.839 " 0.776 ** 600 ** 493 ** 0.889 ** 0.822"

EC,.s(electrical conductivity) ; i +:7K =1:5 B+ HEZ LB HL TR (mS/m) ;pH s F 7K = 1:5 B R 3R pH {H; SAR (sodium adsorption
ratio) : SN FF L , 2457 ( mmole/L) 2 ;SC (salt content) ; A IAMEES T Bt 54374 mmole/L

232 EEROHL AR 5 AHOC I 0y [E]H 43 A

T GRS R A IR RAE AR Y O 2R Ok A R P, 5 A 5 AR O PR AT 1T U 43
H13 5 AT M1, EC, 5 EC, 5 .pH, 5 \SAR \SC Il Na" 273011 X &R, e REGE R 0.6—0.82, BA BAF B
R (P=0.000) , UL, 7] IR EC, K318 SAR . SC \EC, 5 . pH, ,Fl Na* f{H, i3 5 W[, EC, 5 EC, .
pH, 5 SAR SC Fl Na"th LM K R, e REUE 0.5—0.7 Z 18], BA B AR BIEUR (P=0.000) , 4
EC, Ml EC, 5 5L G5 b [0 A A5 B (1 P i RACR B, EC, BRI P R KT EC, . SEBrii b, R (8
EC, RITHRRIZE L HE(0—30 em) FRIRFE bR , 46 78 LIEERFLSE

®5 EC, 51ZEHWIERHEIEANN

Table 5 Regression model between EC; and salinization parameters

ERVE SULIE X S, LR TRy
Apparent soil electrical - R? Sig Apparent soil electrical - R? Sig
.. Model .. Model
conductivity conductivity

EC, Na*=0.1091 EC, —0.6489 0.6025  0.000 EC, Na*=0.1121EC,-1.3793 0.5246 0.000
EC,,5=0.0116EC,-0.0058  0.8235  0.000 EC,,5=0.0117EC,-0.077 0.6912 0.000
SC=0.1578EC, +2.3571 0.6749  0.000 SC=0.1683EC, +1.1213 0.633 0.000
SAR=0.0975EC,,-0.2799 0.7908  0.000 SAR=0.1012EC, -0.963 0.703 0.000
pH; .5 =0034EC, +8.1821 0.7044  0.000 pH, 5=00379 EC,+7.8783  0.7037 0.000

3 iiRES%®

3.1 i

EM38 J45 17KF-J5 ] IR ML SR GRS HE /R 70 FT R0 f0 2 ) b pil e . LRI SR A
23 ) AR S | FRIMA AN [ FR L 3538 11 398 5t St IR i B R e ek o0 A, AR IR R 5 A0 2 - SRR ik 1 23 1] 43
SERRAE . AN OT B ER 5T A0 5 T 22500 R AR b B b B2 7 A ), b S A 5 25 S5, 0 T 2 g 28] 7K R 42 B
AR B R ZEARD e S A T | [R) ISP 70 26 N o) U () P D7 ThD AR 25 . MR I BB K iR
K A2 R EE /N 2R SR e o - B B LKA A B0 i K A NG | 27K 3 i
TIEEEME R WL, SR S R Bk B B b B RS R R R MR R, kA
KK IARNA R, SR Bt i 22 A AR A A k™ di DX 72 5L 8 O W 7R 5 P A S b 5 17 7 3
SR X R 2 B ER AL AR ER B AR IX PR, IR A /DN DX o e Ak - S Y5 A B B B o5 TR b, TR 1 T
P =R BT RS R AR R A ) S M, 4 R BRI R R A A o
H AT, WA 20 R SR T RUR LU ], SR8 T A 3L e ASOR T R AL 5 Y G AR

B - R oy A ) AR S BIS A 57 5 SR b i B S BRAR S &, R K S0 1) - S R 0 SR o) 5 FH R 35t Ak E
TTVPAl AR TS IR ot A0 5 PR A Bl R, S[R3 1 Eh Bl e ) A TR, %k T B msi Ak 2 IG5 1)
e S N ER A S AT AP A 8O0 S 845 R AN (R VR4 ) Tt BRI A, A XoF 4 ER A 82 o A A
YE 2 BRA R AL R —FP 227X, X TEh B b 2 R) 48 S5 W 35 ) R Eh mall e 2 4 o ) IX B
TR TS e B 40 T S BRI, 3 3 DX Sy R4 75 AV 43 X R R, 8 o T R BRI - S R Bk, o 398K 3135 5
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EYIAER . JRERERBREES , T K ACHME Na' IWAETE , S B SRR, 13388 A 1 2%, H Bl 284t Na*
H3E N, IR BURBOEAL SR ARG BRI, B A TR RN A S A A P RS R A,
e H IS Na® iR B R B, 558, B I VE AN [R), Tt ER 0868 7 A ], 75 2ok B 55 ft oA TA]
PR, ol R A I 28 SR A0 52 R 275 25 1 R M % VB 3R B R B SC R, DU [A] £ T4
TR Y XA T R IR BIVEY IR AR K SRS ML A R
32 5

MG o BT KT 5 [ SR 3R EC, 5 3 1y M R R EC Y B A (B AR S MR 4y
B 22 B2 B0 B J5 1 K75 Tl UL 5% EC, HA 525 (8] [ AH G, HAR SRRAIE 2222 th Hb P H 55 Rk
SCIR DL LA PE R 2R 5 | A 5 1 6 B 48 5 1 3 By 1) 48R L 5258 ECv LA v &8 19 2 (R AE S 1, BV 23 [
A5 S PSR PE D IR A BEALIE R R AL FE WY . EC, (EC, %5 8] 248 53 1 2 J5 22 B B (AR 5L Ry BOIRASE B F 4
A

FHOC 3 AT A LA 3 Ay 340 3 WY 38 30 W 52 58 5 ER AR A S22 TEAH G OC &R (P<0.05) MM &, H EC, T
R P RAOR T T EC,  FEAE PR SR ] EC, RERS AR I 14 S e 4 S L B0tk 0, UL, T DL ZKSE
] 3R T8 EC, KT IR T Eh 540 52 B 3 AR A A, X 3R WAL FR BE DB AT VA, 48 5 52 1 g4k
TR,

2% 3R ( References)

[ 1] XBfh, s, BB, h B m M A 25 il AR SRR Y 5%, bt Bhhiat, 2006.

[2] X%t #AfcrEUR L b Ras SRR R, dbat. Blagthiit, 2001.

[ Cemek B, Giiler M, Kili¢ K, Demir Y, Arslan H. Assessment of spatial variability in some soil properties as related to soil salinity and alkalinity in
Bafra plain in northern Turkey. Environmental Monitoring and Assessment, 2007, 124(1-3) . 223-234.

[4] LiuGM,LiJB, Zhang X C, Wang X P, Lii ZZ, Yang J S, Shao H B, Yu S P. GIS-mapping spatial distribution of soil salinity for Eco-restoring
the Yellow River Delta in combination with electromagnetic induction. Ecological Engineering, 2016, 94. 306-314.

[ 5] YangF, Zhang G X, Yin X R, Liu Z J. Field-scale spatial variation of saline-sodic soil and its relation with environmental factors in western
Songnen plain of China. International Journal of Environmental Research and Public Health, 2011, 8(2) . 374-387.

[6] WuWY, YinSY, Liu HL, Niu Y, Bao Z. The geostatistic-based spatial distribution variations of soil salts under long-term wastewater irrigation.
Environmental Monitoring and Assessment, 2014, 186(10) ; 6747-6756.

[ 7] #MSH, BR/hES, skiigde, AR, B, skorde, ¥4, JET EM38 A IA H 1 3 R 00 i T e 2s )48 S5 5 R 9T, - 365a e,
2014, 45(3) : 585-589.

[ 81 Barbiéro L, Cunnac S, Mané L, Laperrousaz C, Hammecker C, Maeght J L. Salt distribution in the Senegal middle valley: analysis of a saline
structure on planned irrigation schemes from N’Galenka creek. Agricultural Water Management, 2001, 46(3) : 201-213.

[9] YaoRJ, YangJ S, WuD H, Xie WP, Cui SY, Wang X P, Yu S P, Zhang X. Determining soil salinity and plant biomass response for a farmed
coastal cropland using the electromagnetic induction method. Computers and Electronics in Agriculture, 2015, 119. 241-253.

[10] Corwin D L, Lesch S M. Characterizing soil spatial variability with apparent soil electrical conductivity: 1. Survey protocols. Computers and

Electronics in Agriculture, 2005, 46(1-3) . 103-133.

1 RWH, B, B, XU T EM38 A9 8 SR B A AT, TR AT, 2008, 26(5) : 129-133.

] FLEE], Bk, ARANT LT REEN (EM38) Mt AL T B X - R A as A AP SY. 3R, 2010, 41(3) : 695-699.

[13] dpdte, XBfh, BOUh. HPE DRI TELBE - Eh AR Ak 25 (W) 28 S AR, L3824, 2006, 43(3) @ 500-505.

1 INTR. AABOT SR T E A RS, K& FMBRA R B L, 2007.

] Lesch SM, Corwin D L, Robinson D A. Apparent soil electrical conductivity mapping as an agricultural management tool in arid zone soils.

Computers and Electronics in Agriculture, 2005, 46(1-3) . 351-378.

[16] #+H. 3T CGE=M) . Jst. shELO H L, 2000.

[17] Chappell N A, Ternan J L, Bidin K. Correlation of physicochemical properties and sub-erosional landforms with aggregate stability variations in a
tropical Ultisol disturbed by forestry operations. Soil and Tillage Research, 1999, 50(1) : 55-71.

[18] ®ik#R, Mids, WFESR, M /R G 3Rtz IR w2 05T, KR4, 1985, (9): 10-21.

[19] Cambardella C A, Moorman T B, Novak J] M, Parkin T B, Karlen D L, Turco R F, Konopka A E. Field-scale variability of soil properties in
central Towa soils. Soil Science Society of America Journal, 1994, 58(5): 1501-1511.

[20] #Wl, 44, Ekdh, ik, S8, MWIOP S 5K R 0 d 3o s 1) 48 S 0ot b E A SR 4, 2015, 23(5) .
614-619.

[21] FEilsk PEEEGL. Juat: Bi2sh, 1994,

[22] Zhao CW, Xu L, Wang Z C, Wang Y H, Chi C M. Studying soil salinity and its relations with microtopography and vegetation at field scale. Polish
Journal of Environmental Studies, 2013, 22(4) . 1227-1237.

[23] 28, £, WH. MECE B R AT — 8 5HOR. Jbnt. Blasmi i, 2013

http ; //www.ecologica.cn



