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ABSTRACT

The standard measure of soil salinity is electrical conductivity (EC) of saturated soil paste extracts (EC.).
However, measuring EC. is labor and time-consuming and the accuracy of EC. is dependent on individual
skill. As an alternative, the electrical conductivity of the extracts of 1:5 soil:water ratio (EC;.s) is commonly
used, and thus the conversion of EC;.s to EC, is necessary for the practical use of EC,.s. Recently, a multiple
regression model for the estimation of conversion factors (CF) using clay content and exchangeable sodium
percentage (ESP) has been developed: CF = 7.179 - 0.084 x Clay + 1.096 x In(ESP). In this study, the CF
model was validated using unpublished data on EC (EC;.s and EC,), clay content, and ESP that were obtained
from 50 paddy fields (n = 100 including two depth) of five reclaimed tidelands located in the coastal areas of
South Korea. The CFs ranged from 5.7 to 11.9, and the measured and predicted EC. were linearly correlated
(r*=0.81, P<0.001) with an error of 11.2%. Despite the potential errors, we suggest that converting EC from
EC;:5 using the CF model may be a feasible method for long-term monitoring of EC. with the consideration of
the time and cost and inconsistent accuracy of EC. measurement as clay content and ESP are the basic soil
monitoring parameters in saline soil survey projects.

Keywords: Coastal saline soil, Electrical conductivity, Exchangeable sodium percentage, Reclaimed tideland,
Soil salinity, Soil texture
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Introduction

A= A =7l 7] dhzoll Aot 2= A7 5 s BElE oA o 5= RUEFo] E skt (Lim et
al., 2020; Lee et al., 2022; Seo et al., 2022b; Park and Choi, 2023). EY ¢ 5= TR H o g2 Z4skR|qk 4
B E R EQF 899 AT (electrical conductivity, EC)E =75t H7}5H} (Rhoades et al.,
1989). ‘FAFES] U H/d-2 WA 0 2 EF AsEE: JEN EC (ECoE 7102 AA=7] wigo] 54 EYC] &
Fhe ol it 2= A9 A& HoiA= EC. S70] B 2SIt (Abrol etal., 1988). 12|u;, EC. 5782 w41
“Jo] FobH W Al ?13401 T a5, s eof whet e o] Eetrli= T o] it (Al-Busaidi et al., 2006;
Park et al., 2019). ¥HH, EF A= of| 4 HI&2] S-755 SR IEH S| EC (EC,) 2] -5 578 0] XA, 5]
A gato] oJSf EC.of| Bl 0] s oF A7 A 7F Uk © 2 o] U7 ZA %t} (Sonmez et al., 2008; Seo et al.,
2021). WEbA], EC & EC.2 e 4= Q= thofsh vhHo| AIE] Y1 It} (Sonmez et al., 2008; Khorsandi and
Yazdi, 2011; Aboukila and Abdelaty, 2017; Gharaibeh et al., 2021).

FElUEME B SR Bl 152 & AEH 9 EC (BC5)0] 787 S Als 58 #1851l 9ot
(NAAS, 2010), =44 2 = EC,,2F EC. 0] /g3 Al ol Tt -2 A7 X3 =] Lo ™, EC,.s0ll tgh EC. gHit Al
= EC,52F EC.O] ATEtAI0] 7]1-27] 4191 5.0 - 11.72 R 11E|37 1Tk (Sonmez et al., 2008; Chi and Wang, 2010;
Khorsandi and Yazdi, 2011; Aboukila and Abdelaty, 2017; Kargas et al., 2020). 0}1]‘?_}, EC 2 A= HE FE
9] &5 (Sonmez et al., 2008), &4t 5 o (Khorsandi and Yazdi, 2011), YEE ] (sodium adsorption
ratio, SAR) (Park et al., 2019), Z3}<=~E91%F (Gharaibeh et al., 2021), X2l &% (Seo et al., 2022a) & EFC] tfF
ehZ]efe ol JakS o n g olE Rt EC et Al 7ol Hasith

L, U ASIQT 7HAA] 3= E9F (n = 320)2 th-© & random forest (RF) B2 0]-851 EC 2H:F Al
oigt F3F 82l FE5! thE8 R G o-85to] EC et AT-E AT 4= Sl 20 7= Ut (Park et
al., 2024). sl Ao A= RF BE-E o]-§oto] EC St Al sl thel 7|7} w4 LHE-E H] (exchangeable
sodium percentage, ESP)7}56.6%2 7 =101, HE (clay) &50] 20.0% 42 &R151% 1, o] Ha45-2 o851
EC 2t A5 (conversion factor)E APE 4= Q= th5-3] X33 Conversion Factor = 7.179 - 0.084 x Clay +
1.096 x In(ESP)&} Zo] A|QteI3iet. o] thE3l AR G2 712 EC.5-EC.0] T3] 7] BP0 HAIE S5} HP S
BRIt ES A 0= Ao, o ool Aot W77t Hasht wehA], & dtolie euRE 2] B
&S O 2 Park et al. (2024)2] A-LollA] AIQFSHEC it Al 4y ths2] AR o] Aot S skt
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I,
Z‘L
o

Materials and Methods

& ATollME EC It Al AP Ala A55] $1sl 20238 = H Ao 78S
oA AARH R =7FFAR] (17, 2, B, AR, i) w9 W A RS E8shlt ofd W
At ME 18 (H2: 3,100 ha), 7 (1,381 ha), 27 (298 ha), AFAT (420 ha), G4 (30,359 ha
HE 24749, 7, 6, 8, 207 BAIE AdEste] 4] 5071 Ao EF A =E A6 EF AEe G571 A (2-4
)l EE (0- 30 cm)@FHE (30 - 60 cm)°M F 100832 AFISHA. AFTE Az F2 52 mm A #5351 2
Aol ALgSHAH.
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OFEC, 5= WHFR 100 mL S2AE 5ol E9F 10 g1 Z75 50 mLE 917 150 rppmollA] 305 wHkeh &
of] &Jatgt oB-S- EC meter (Orion 3 STAR, Thermo Fisher Scientific Korea, Seoul, Korea) 2 S5ttt EF
EC=200 - 300 g EF Al=E 500 mL E2hAE 5ol 9ol S7-7-5 5] Joi7hm Zophssto] 24 A7
B AF-gMFZ7] (SampleTek 24VE, MAVCO INDUSTREIS, Inc., Kentucky, USA) 2 H&HS FE3515] EC,.
9}%‘%%]' | EC meterS A8 451590 (Rhoades et al., 1989). EUA| 7 2] HE k2 Pipette -2 0|8
E45190t (Gee and Bauder, 1986). T=3F, Ammonium acetate -2 ©|-8-5t0] EQF] QFol2 Wt gaks BA51%
‘3]' (Sumner and Miller, 1996). Ammonium acetate H=H2] WEHI Na" 5 AASEF T (Analyst 800,
Perkin Elmer, Waltham, USA)E- ©]-85}0] £45}10, t}2 Eq. 137} Z©] ESPE AXFSI3ATH (Horneck et al., 2007).

B W

1
193 A

ol
)

ESP = [Na+]exchangeab1e x 100/ CEC (Eq_ 1)

ESP : exchangeable sodium percentage (%)
[Naﬁ]exchangeable : molar concentration of exchangeable sodium (cmol, kg'l)

CEC : cation exchange capacity (cmol. kg)

HE FHF ESPE Park et al. (2024)9] EC $H4F A% A9 410] djqlsto] 2F EoF Al EC St A-S 741%}
o] EC,.s2} 50t ECE cl&0t5it. A5 EC 2 o5 EC. O] A 3|49 71.&71e 24A4 (), 12|12
7FA] EC.2] Bt AlFE- 24} (root mean square error, RMSE)& Ao, A= EC. 2} o= EC. 2] 4 4)4-74]~
IBM SPSS Statistics 27 (IBM Corp., Amonk, New York, USA)2- 0]-85}9%] 0™ FA A 7242 95% ol 4 A
E5ict

Results and Discussion

ZATE 100144 ESF A2 ECs= 0.3 -3.3dS m” (T 1.4 + 0.6)9] H9]9.0H, EC.=3.3-28.0dS m”
(12.5+5.4)2 ¥ 5k <eo] v thefstainh. T2l thE2] AR g 9] EC gkt Al 27 1A HE o ESP=
Z¥ZF3.2 - 53.3% (22.8 + 12.2)2} 3.8 - 147.5% (58.3 = 30.8) & F-E3I3TE 1004 A= thall 4% EC:EC; .
+4.2-1339 1AL, Park et al. (2024)°] AARF ThE-2]7] Hol A ET = ESPE Y Elsoto] ARt kit Al
5.7 - 11.92 B3x5r). o2} 22 EC Tt Al el Adiatolla B §$ (5.0 - 11.7)2F FAHITH
(Sonmez et al., 2008; Chi and Wang, 2010; Khorsandi and Yazdi, 2011; Aboukila and Abdelaty, 2017; Kargas et
al., 2020).

=3 EC. 2} S EC = 21410 AHA| (P = 0.81, P < 0.001, RMSE = 3.3)7} 21210 ™ 7]-€7]1%= 1.1122 $H4t
EC.7} 2F 11.2% T 7= 71 © 2 UeRdt) (Fig. 1a). EF Z10] ¥ 4 EC. 2} SHFECA= HE (P =0.94, P <
0.001, RMSE = 3.2)9} 2E (1 = 0.85, P < 0.001, RMSE = 3.4) 5 24 0] AFRtAl7} 9lgloH, ZFte] 7187
(1.0763} 1.134)0l| 4 2HeIgh 4= Q150] BE (7.6%)7F HE (13.4%)°l BIs] @1t EC. 2] 227} ¥ Wit (Fig. 1b).
Eeh AR Tt HAS 8RS o) FAF EC.O] LAt BA (2.4%), AT AT (1.9%) Bl 1%
(22.7%), AAF (16.1%), THAT (19.4%)°fl B3l Sk
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Park et al. (2024)°] AR Aol A= 320 2] Al F 160 O] HlolEE ©]8 6}04 EC $H 52l AR S e
Shal, L 2] Aute] glo[B & o] RS Sl @At ef3.1% R At o= Wkt shA|eh 2 °ﬂ°ﬂﬁ% Park
etal. (2024)°] A7eh= HE A RE o] 8sI37] theoll AP HdHiA o= =2 a_;—; Tt E2L Park et al.
(2024) EC 2t Alpo] thieh FoF It A& Fg ESPE A 2fstAIT EC @4t A= 2ol oFd (Seo et al.,
2022a)7} SAR (Park et al., 2019) 5 HE 2.910f] SJsiA e Fe b=t H#al }qa} 2|7 EoF AR o] 27t &
dsir] ghomg o afo] tieh ket a¢ls #Ash] ffsto] Y 21 or /A ARrt B e g Al o= Helrh
ofe} Z2- @ Aol ke E5tAL, & Aol A BRI @2 (11.2%)= BA] -F-2Utoll A WA o & ARGEN Q=g
AT AR 5E 8-S W] 22} (43%) Bk vk F2 50T (Fig. 1a).

HIE 2 Aol A Park et al. (2024)0] AIRISHEC it Alg= A thg-3] 7l o] @471 10% ool AT W
EH0 2 EC. 57 A9 @2} 7FsAdo] =& A2 aleshH ofid b9l R e B8 Vs w2 A os ot
oh. GHE 5% Bl tishAd= ESPoll thet A Akmrt F5e 4= QIA[RE, TEAA] BoF AT ARlolM= B
ESP7} 7] AL @50]7] Wiz of| Park et al. (2024)°] EC 2t Al A T2l 72y A-8o] 7Fsd A o= 7|t
Ho}. TS, Ao oha W2 A7 {PA O] EC HUE o] Q) == 2 212{5HH (Seo et al., 2022a), ECy 55 4
=5t EC.= $Hitsl= W 7M1 5] EC. 87] RUE Y BHES] tighe] 2 & itk

35 @ 35 (b)
© EC, (CF from modeling ) © Surface solil
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Fig. 1. Relationship between the electrical conductivity (EC) of saturated soil paste extracts (EC.) measured and the EC,
predicted: (a) EC. of entire soil samples (both surface and subsurface soils) predicted using the soil-specific conversion
factor (CF) obtained from the multiple regression model suggested by Park et al. (2024) (blue circle) vs. EC, predicted
using single CF (5) recommended by the Rural Development Administration (red square) and (b) EC, predicted using
the CF from modeling for surface vs. subsurface soils.

Conclusions

2 A= EC1sE EC2 S| ehitd 4= e W AL flsf, 710l 78 EC it Al 4t
AR o= Aottt EY HE dF ESPE T8 sz -85k il AR Y o= ALt gt

ox,
ﬁ
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AE 1 851o] 2T ECI S BC.ol 118 1.2% shefsrheiglont HAa At ole-2 skistert.
& S} ESPA 7P7) E9F 2 AR10] 71 Ul Aol me, 1 AHi (EC,s, FE S ESP)7} 9le 7
S BC 8HT A% A1 ThEel7| R a S 4851 BC.2 EEs10] EC, 7] LU 268 4 ke A0 7
o}, 53], B ARk} ] go] Anuin], Leiwe] nE Ul Hsher} Selais 12 BC, B4 el v g
Tejste B el B AG A TSRS A4 0 2 S89 W ast olrk o B A el o
oA A A Azl sl EC, 59 EC.E ZAste] BAT 4 912 Ao ke,
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