Content List Available at Thailo wAUNEAS

JOURNAL ¢

Khon Kaen Agriculture Journal

%T:f;;ifljsg Journal Home Page : https://li01.tci-thaijo.org/index.php/agkasetkaj

a a a Yy v = 1 1 v a dg w
E]VlﬁWﬁ“Uﬂ\‘i‘UUﬂLLagﬂ?qﬁJlﬂl&I‘U‘U‘Uﬂ\ikﬂa@ﬂaﬂ']ﬂ’)qllﬂ']quu‘],wmqiﬂﬂuﬂl?jﬂqx‘i
AT1ILNWAI

Influence of salt types and concentrations on electrical resistivity in
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ABSTRACT: Soluble salts in the soil solution and a high concentration of exchangeable electrolytes harm plant
growth and crop yield. Rapid field estimation of soil salinity by soil resistivity method is a tool for effectively managing
soils. However, the relationship between salt types and concentrations and the agricultural soil electrical resistivity
(ER) is scarce. Therefore, this study aimed to investigate the influence of salt types and concentrations on the
electrical resistivity of agricultural soils with three different textures, including sandy loam, clay loam, and clay. The
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electrical resistance was measured by the d-electrode method in the soil resistivity box. The soil samples were
soaked with 4 different types of salt, including NaCl, KCl, CaCl,, and Na,COs. Each salt type was varied in the
concentration levels of 0.1, 0.25, 0.5, and 1 M. The results showed that the different salt types and higher salt
concentrations significantly reduced initial soil ER values in all soil textures. CaCl, salt highly reduced ER values of
all soil textures and subsequently by NaCl and Na,CO; respectively, indicating that divalent cation salts decreased
the ER values more rapidly than monovalent cation salts. Soil ER values of all soil textures were decreased with the
exponential decay function, where the maximum drop was at 0.1 M and was consistent from 0.25 M. In addition,
the ER reduction rates of sandy loam and clayey soils were faster than that of clay loam soil. Soil properties that
significantly affected the rate of change in soil ER after soils were affected by salt were pH, EC,, CEC, and total-N.
The results indicated that higher concentrations of dissolved salts in the soil resulted in soil electrolyte density and
the movement of electric current through the cations in the soil. Therefore, soil electrical resistivity measurement
has great potential for rapidly assessing soil salinity and salt type in agricultural areas.

Keywords: soil resistivity; salt; soil salinity; field measurement
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C= current electrodes
P= potential electrodes

A = cross sectional area

L = electrode separation length

Figure 1 Diagram showing electrical resistivity measurement by the Wenner 4 probe arrangement using GEOHM' 5
Earth Tester in the soil resistivity box
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Table 1 Some selected physicochemical properties of the studied soils

Particle size

distribution Texture Butk pH EC. OM  Total Avai. CEC Exchangeable bases
Code (USDA erading) density
grading
Sand St Clay 1:1 N P K Ca Mg Na
(emev 0 —emmemmmm ) (g cm™) (dSm?)  (—gcm®—)  (mgkg?h) (rommmmmmmoeeeee cmol kg —emeeeemeeees )

Kld1 21 36 a3 Clay 1.41 6.01 0.23 20.60 1.77 0.74 37.17 0.36 20.51 6.15 0.68
TpK1 19 31 50 Clay 1.28 6.95 0.41 17.55 2.04 10.50 24.65 0.15 2191 0.84 0.10
TpK2 15 25 60 Clay 1.25 554 0.18 24.81 2.62 0.45 40.97 0.16 19.18 9.09 0.12
Wny 25 39 36 Clay loam 1.36 6.59 0.28 15.10 1.60 1.76 23.90 0.10 18.56 6.24 0.25
Tpk3 24 38 38 Clay loam 1.40 6.46 0.26 17.68 1.41 15.52 15.43 0.12 15.09 1.57 0.29
Kld2 41 27 32 Clay loam 1.23 7.73 0.60 20.60 1.77 6.17 37.17 0.36 20.51 6.15 0.68
Dr 57 27 16 Sandy loam 1.65 517 0.62 19.73 0.63 14.74 9.86 0.15 1.33 0.84 0.07
Bkal 71 15 14 Sandy loam 1.50 4.61 0.15 7.18 0.79 21.24 6.18 0.10 1.95 0.44 0.06
Ptc 82 2 16 Sandy loam 1.70 5.40 0.25 451 0.47 51.48 0.95 0.03 0.84 0.17 0.01
Bka2 75 9 16 Sandy loam 1.69 4.72 0.14 21.92 0.79 34.89 2.55 0.23 8.20 0.47 0.06
Mean 1.45 592 0.31 16.97 1.39 15.75 19.88 0.18 12.81 3.20 0.23

dlewssuiisuaranusuniulifweduiiinsifundesaziuildlasuinde (Control) sfliandedisinananis
amawaqmmmé‘humulvxlﬂwmﬂﬁqm A9 CaCl, KCL, NaCl 4ag Na,CO5; auanfu Immﬁauﬁ’ﬂunmﬁaﬁu Watinnsiu
indolunquaaslsdvinlifudaranudumuliiiianas fsaenadosiunismaaesved Kusim et al. (2013) 51847197
USunannde NaCl fiflluduaslanarnnnuguniuliiiiegnesinga widlesseznaivluaranudunulni lufues
ADY Lﬁuﬂful,ﬁaLﬂﬁagﬂmazmsaaﬂiﬂmﬁﬁu Yonaninan1svnassdi@enndoiunuiseues Zohra-Hadjadj et al.
(2019) ARnwBNENAVENNAD NaCl, KC, uay MgCLzﬁmwm‘*ﬂ’wﬁu 0.2 M finavilimnudunulninvesiuanasegied

v o o

HedAgy lnensuaniuveunie NaCl uag KCL Tudu vinliaranudunulaiivesfiuvanashiwananesiu Tunismseiudu
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Figure 2 Effect of salt types on soil resistivity of (a) sandy loam; (b) clay loam and (c) clay. “Mean followed by the

same letters are not significantly different at p<0.05 by Duncan’s multiple range test
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Svswavasanududuraundesonisiuasuwdasdnanudruniulnilupy
navasaudutuveundadenisasuwdasianudumulniinluduiasulunse (sandy loam)

& AT ALY (field capacity) Aushutummeilifimaduindedaaudunulwihiadewindy 82.07
Toviu/u. (Figure 3) iawfivansazatainie NaCl, CaCl, waz Na,CO, fimnududuiiendu fie 0.1, 0.25, 0.5 way 1 M fudl
Wunde Nacl fimmanusnunulniiiedeanasviniu 10.58, 4.58, 2.45 uaz 1.33 Teviu/u. aud sy (Figure 3a) Aufiiu
CaCl, fieaudumulniiadsananyiiu 1.48, 1.03, 0.59 way 0.34 Tevia/y. auasu (Figure 3b) drunisilasuuda
Aranudumulnitlufuidunde Na,CO, Arrudumulniedsananindu 5.12, 1.98, 1.01 uway 0.58 Teviu/u.
AU (Figure 3c) finnsaniianududu 0.1 M wuth eanudumuliitlufusevunmeiinsasuiaegresng
dednnderansiaadluiuiu wazsierudududilng 0.2 M Aenudumuliihiinsdisundansiiund sty

navesnudutuvaundonenisidsundasaranudrumulninluiudesuvumiien (clay loam)

o PNgANTUAU (field capacity) Ausutuieaiildfiundedaarudumuliihiadowiifu 15.46 T/
u. (Figure 4) Wlawfiuansavatawnds NaCl, CaCl, uaz Na,CO, fimmududiuientu fio 0.1, 0.25, 0.5 waz 1 M Aufiiunde
NaCl fidraudumulniinedswiiu 4.60, 2.55, 1.53 way 0.82 leviu/u. auasu (Figure 4a) Auildunds Ccacl, fen
ausuuliedesintu 0.90, 0.68, 0.38 waz 0.23 Teviu/u. aua1iu (Figure 4b) wasn1siUasuulasmAnudnumu
Tnihdwdlodungds Na,Co, amarnusumuliieisanariniu 3.53, 1.60, 0.77, 0.14 Teviu/y. auasu (Figure 4c)

navasruuturesndenenisiuasuslasaraanudiunulinlufunies (Clay)

& ATNYANTUALIY (field capacity) Aumilafilufnisidundodaranudumuliiiiadswindu 20,84
Toviu/u. (Figure 5) lawfivansavareinde NaCl, CaCl, wae Na,CO;, finnududuieatu fio 0.1 0.25 0.5 way 1 M wui
Auildiunde Nacl farmnudnumuliiiedswiafu 4.85, 2.80, 1.53 uaz 0.88 Taviu/u. augdiu (Figure 5a) TuAudiiu
wnde CaCl, flaranudumuliiiiadewindu 0.95, 0.69, 0.39 waz 0.22 Tasiu/y. AUy (Figure 5b) waziilodunie

Na,CO; WU Ausiananusunulniedsanasyinfu 2.83, 1.36, 0.66 way 0.34 Teviu/a. auasu (Figure 5¢)
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Figure 3 Effect of salt concentrations on resistivity of sandy loam after soaking with (a) NaCl; (b) CaCl, and (c) Na,COs
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Figure 4 Effect of salt concentrations on resistivity of clay loam after soaking with (a) NaCl; (b) CaCl, and (c) Na,CO,
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Figure 5 Effect of salt concentrations on resistivity of clay after soaking with (a) NaCl; (b) CaCl, and (c) Na,CO,
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o

I Tusuileneu (sandy loam) Ausaudumnilen (clay loam) wagAuwmden (clay) dnsildsunlasanaiuy 2 429 A

v
= =1

Frusnfienududuvenndesaziiiuainsisunlasanated1ssinds uaglutaiheiinnududureniegaiuazinig

v
=

wWasuudasaranuiunulnitlufutdeswazanung @y F8nsinisanasvesrinudumulniissiuedfuriiange
wavylaillenu lneAudoneufidanusumuliitlufududuasnindusulumie) wasiunide Mdiilunanniuile
wenuflounievaeludndiuiigadeunanseilnildsnifuieszduniidwlvg Jusynavuaiunisnaseyniea

~

nyreutiedahlafildfing feeanudumulwihiunlduasasmumafistureseuniafiumis) (Long et al,, 2012)
othdlsfimuaenudunuliihvesiuanasesanaislunniderudeiimafuasazaendelituiuiisadntes wazen
anugumliinesasiiinntudeldsusinanndeunnd 0.2 M Tneemgluiusiulunseiiinsdsuulasdinan
Frumuliliihanasedranniiennududuvenndoiuty anududuvenndeduasunsiilri-lufuannuriniy
Fumilaiihdeanas TagarnnudunuliiiesgnauesilasUinauassisvesvesmarlugngy dennudunuliiheg
anasedenmdudlefiindefiuinniu Arududuvennde Nacl way KO Aiudurildaranudunulii-luiuanas
denndaaiusuiseves Long et al (2012) way Zohra-Hadjadj et al. (2019) wenaniiaududuvesansazaroinde
Tnenans NaCl luAufiavswarelassaiisnassngu waraudidunsinduilufuiasshlifuinnuamsolunsgedy
AnuTuintumumsisturesmududuredlosswnde waznde Nacl Sulosfunsanawesiinaterimwunlvgly
aurldanuanunsalumsinfuinfisdunumsdud uresrududursunde wazrildanudunulii-lufvanas

WeRudanuyuiiudy (Lu et al., 2021)
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dlofiasansasmnisanamsenisiudsunlasemuturensmaanudumulniivesiu (Table 2) Falgainnis
wAALNIFINNIATUANNFUN UG TEMIAIANUA T UMULNT AU TEAUAMITLTUTeLNdoLsazalin exponential decay
function (ER = A *e'Baltconc)  ia bR Faarudruniulniitvesiu A (initial ER) Ao Araaugiunuliitfusudu B Ao
anuduresnsUdsunlas (slope) wae Salt conc. fis mududureanie Tnenuin A umulninEuduadsves
Aundlen (Clay) (A) windu 21 Teriu/u. wazanasdiesnsAudy (B8) windu 14 15 way 30 Wleliuansazaeinde Nacl,
Na,CO, uag CaCl, MUSIFU drudnsnsudsuntasanudunliilufusiudumiles (Clay Loam) wudn Aray
Frumulniisuduadowintu 15 Teru/u. wazanasiiesnsinnnudu (B) wiadu 10, 15 uwae 28 Wiewiivaisazaeinde
NaCl, Na,CO; tag CaCl, AUaIsU d1sUAUIIUUUNIIE WU g‘uLL‘U‘Umsmﬁlauuﬂaaﬁmamﬁmmﬂﬂﬁwaqﬁuﬂé’wﬁu
Aumilenasiuumider wiisasmnisdsuslamesudunuliiimnndindumdesaziusulumides ned
ausunuliEuduedswingu 82 Teviu/u. waranasiednsaudu (B) Wity 18, 30 uaz 39 Weduarsazansinde
NaCl, Na,CO, waw CaCl, mMudidu 2nnansinwsna wandidiui Wefufinisazaunde cacl, TudSnagavinliauy
fsnsnsdsuuasinnuduroimsanaswasaaudiunulniingsiian sesasmfio Na,CO, wag Nacl lunnidedy
Tnsanzdlennududuvenndedilng 0.2 M Fsrnuduiianasasioudnsidsundasaranuunuliilufuusas
yiadudloldsuindefinrudutusietu e indo cacl, hldnsnisanaswesriarmdumuliingafigadusaan
asazaneinde CaCl, funaidoniidussquuulaawivasdmiumunuiulszegenitnguuouenauyt sl adeud
KUl wesviliAudaeanudumuliihanasanniigelusannienu Ineewglufuiiidonsiu fo Ausuuunsedan
anusumuliilufiuanasgeiigamdsnisidiunge Wusaunanfuildndiuveseymansiegeniteymafiumies dslu

nsdifiduiloynefunieidosazvlinssualniedeuiiniuasazarsfuiiiindslasgamadiwazyiliainauiuniu

v lufuanaing193Inse

Table 2 The parameters associated with exponential decay function of soil resistivity are influenced by salt type

and concentrations

NaCl CaCl, Na,CO,
A B A B A B
Soil initial ER slope initial ER slope initial ER slope
Clay 21 14 21 30 21 15
Clay loam 15 10 15 28 15 15
Sandy loam 82 18 82 39 99 30

(-B*(salt conc.))

 exponential decay function expresses as ER = A *e where A = initial ER of the soil without salt treating,

B = slope of the function, salt conc. = salt concentration (mol/L) applied to the studied soils.

anuduusvesguuuunsiaBuLasiadun Wi fusutfve sy

PnMsAnwanduRusszrinsauTRfuLaranutuvesnslasuudaseianudunulndia (Table 3) wui
Armnuduresnisasustaseanugrunulni lufudofulssudvinasninds NaCl, CaCl, was Na,CO, flanduius
agnafifeddryiuautRau Ao pH, EC, total-N uay CEC wandlvifiuin Amnsidsuudasininudu (8) wusandufuan pH
EC uay A1 CEC nanife pudiden pH, EC uag CEC g9 dloldfulsmanndefiutuagynliranudumulnihansasedie
590157 @enAdBItUTI89IUYDe Murad (2012) wag Chik and Islam (2011) ﬁswmudm’%mmﬂizﬁ;LLasmi@m’fmmmiaaau

lospuvesiudududnili (electrolytes) astiuegfuszauves pH wazUiuialessunfioglufuudlanne EC Faly

drunduvasannuiunulninlufudefudian EC a1 Aanuiuniulniivesiiuazaias duen total-N Janduiusid
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'
@

vanvendsiunutuaaudumuliiveafuseiu (nitial ER) Tne total-N duiusiuuTaina oM lufiu unieingi
Lﬁu?ijmﬁﬁuﬁmm’mé”mmulﬂﬁ'lLﬁusﬁuaﬂwﬁﬁfﬂé’ﬁﬁg (Chik and Islam, 2011; Murad, 2012; Turki et al,, 2019) fail
desnnduvdsiagdlngivseluiuduauhlifuiiladilés uenainien CEC favduiusuusundutuaudues
nsasuulasranudunuliiesiu nanife Audisien CEC geanunsagaduuanlosouidudidninsladlsunn yinli
fuflanrnugnunulniiniias denadeatunisvnasives Paillet et al. (2010) waz Weisenberger et al. (2020) 3naain
CEC agmuauUinameuaslooouiiazaonazuaniUdsusglutesinsweagnguiu 16un Ca Mg waz Na dsravilvieiainy
Auvulniinlufiuanas (Dafalla and AlFouzan, 2012; Kibria and Hossain, 2012; Murad, 2012) %&mevl,aaaumdwﬁwgﬂ
SidnnsounuvasieliadmiiensindouiivesdidnasewhliAnnsivavesnszualrifinainturhlsiaaudiumy

i ludiuanas

Table 3 Correlation coefficients between the initial ER and declining slope and soil properties after amended with

different salt types

NaCl CaCl2 NaZCO3
Soil

A B A B A B
properties

initial ER slope initial ER slope initial ER slope
pH -0.726* -0.733% -0.726* -0.787* -0.727* -0.758*
ECe -0.720* -0.450 -0.722* -0.660 -0.721* -0.673*
Total-N 0.775% 0.407 0.776* 0.564 0.774% 0.601
CEC -0.867** -0.756* -0.867** -0.896** -0.866** -0.891**

¥, ** Significance at the 0.05%and 0.01% levels of probability, pH = soil pH, EC.= effective electrical conductivity
(dS/m), Total-N = total nitrogen content (g/kg), CEC = cation exchange capacity (cmol /kg)

G

sinuazanududuvedlossundeluaisasarsfuiivanarsiurilifuildnienisineasiaiauduniulngi
wananafunisadid Ineindefiduasloouiiiulstauuulariaui (divalent cations) 1 CaCl, yhlsAudiAraudtuniy
Tiihansawnnniauiilasuindefiduanlessunuuteuaiawy (monovalent cations) Inewinvaandedivhliaiainy
é’humu"lﬁ/\lﬁwammmnﬁqmﬁa CaCl, KCl NaCl wag Na,CO, auasiu

arundutuetlessundeluiuiifiugeaiuliauilimaniainunsdaausumnulifianduuy exponential
decay function (ER = A *e Bt o)) 1q g aqqgdrunuliilufiuanasetesmdaudiefinsifivaisazarenianiny
Wi (0.1 M) waglrarmsuyufuasiisleduldfuindennududugandi 0.2 M msiasuutasianusumuldh
IuﬁuLﬁaﬁuiﬁ%’UmmLsﬁu%’wﬂENLﬂﬁagqﬂﬁuv‘iﬂﬁﬁuﬁauﬂumﬂ&Jﬁﬁhmméhumulw%amaaa&J’mmﬁammiﬁumﬁm uay
fusiudumien anuddu siedilessuveandesvduasuliinnisiedouiivesdidnnseuluiuionsulagyinliiAanislva
yoanszualniigiBwussinldmanudunmulninlufvasasegesinga Jademefuiduanesnsinisasunamning
Frumulnivesiusiolasudvsnavennde laun pH, EC,, CEC wag total-N AnuduiusseninslsunainiolazAiniim
Fmulitihanssadszendidunnmslunsimuiaiesdioussfiusssumnuilunguvesiudilaiunsaninderhlug
nsAnaazuidamaudlesudninannindelumaau sgslsinmdndusenihnmsmeaeulunaauuuaziuioya

USunaundauazaraninnmsibidihlunsasiuiiiieasiawuudiasdlunisusedivuluiunlaogawiugn
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