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Correlation of soil available potassium rapidly analyzed by ion selective
electrode and extracted by soil potassium extractants
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ABSTRACT: Precise and rapid tests of potassium (K) in the soil are helpful for precision site-specific K management.
Potassium ion-selective electrode (K-ISE) has the potential for rapid K analysis in the field. Still, it needs calibration
by correlating with those extracted with soil K extractants. This study aimed to investigate the correlation between
K content measured by K-ISE and those extracted with six soil K extractants including NH,OAc, BaCl,, CaCl,, H,O,
Kelowna, and Mehlich IIl) and then measured by atomic absorption spectrophotometer (K-AAS), and between K
content measured by K-ISE and forms of soil K (soluble K, exchangeable K, non-exchangeable K, and total K). Seventy
agricultural soil samples divided into clayey, loamy, and sandy texture groups were used. Results revealed that K
content in most soils was mainly in non-exchangeable form rather than in exchangeable and soluble forms.
Potassium contents derived from K-ISE highly significantly had a linear correlation with those from K-AAS. The
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agreement analysis by the Bland-Altman plot confirmed that the K-ISE method was at an acceptable level of
agreement with the K-AAS method. Extracting the soil with Kelowna extractant and determining by K-ISE was more
specific to exchangeable K which indicated the availability of soil K. Therefore, K content analyzed by K-ISE can
tentatively be used as available K index for K fertilizer recommendation basing on soil test.

Keywords: ion-selective probe; potassium; soil extractants; soil analysis; correlation
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Table 1 Some physico-chemical properties of selected soils with different textures

637

Properti Sandy texture soils (n=5) Loamy texture soils (n=34) Clayey texture soils (n=31)
es Range “u(SD)  "Med  Range u(SD)  Med Range u(SD)  Med
YSand

832-901 872 (20) 878 2.25-32 196(131) 603 84-148 204 (98) 132
(¢/kg)
Vsilt

229-821 20 (8) 21 9.0-429 507 (95) 158 139-399 216 (31) 225
(g/kg)
YClay

45-387 109 (24) 97 2.71-407 285 (57) 166 409-852 579 (100) 582
(g/kg)
“oH 4 4.7-5.6 51(034) 52 4.6-7.7 5909 5.7 4.0-8.0 6.5 (1.0) 7.0
3/OM

2.7-71.2 4.6 (1.85) 4.1 2.4-42 17(5.2) 10.7 5.1-105 30.7095) 17.6
(¢/kg)
YCEC 1.5-2.6 2(0.54) 1.87 0.95-37 13(5) 1.5 2.21-61 32 (10) 34
*'Sol. K

5-35 16 (11) 15 2.4-68 20(27) 10.0 0.67-33 13 (12) 9.8
(mg/kg)
%Exch. K
12-53 35(18) 34.33 13-244 89 (42) 47.4 14-247 117 (84) 168

(mg/kg)
”Non-
exch. K 18-62 41 (19) 49.84 16-676 218 (69) 92 6-849 249 (2249) 470
(mg/ke)
¥Total K
(e/ke) 0.18-0.72 037(0.23) 0.23 0.22-10 35(L1) 2.8 0.08-11 2929 7.1
8/K8

Remark " particle size distribution (g/kg) by pipette method (Gee and Bauder, 1986), # soil pH by pH meter in 1:1
soil:water ratio,  Organic matter by K,CrO, oxidation (Walkley and Black, 1934), “Cation exchange capacity
by ammonium acetate method (Chapman, 1965; Sumner and Miller, 1996), ¥ Soluble K by distilled water
extraction and AAS (Helmek et al., 1996), ¢ Exchangeable K by ammonium acetate method (Thomas, 1982)
”Non-exchangeable K by nitric extraction and ®Total K by digestion (Johnson and Ulrich, 1959), % u = mean,
¥ Med = median, and SD = standard deviation.
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Mnsessutinenatalnunadoudiduusslovdlufiu Iaun dheradn 1 M NHOAC, 0.1 M BaCl,, 0.01 M CaCl,

Kelowna, Mehlich Il aztnau (distilled water) warannnumeiieanaaudndiusaziantunisananaanalily Table

2 ansaneaunlmiludeszimUsinalnuna@eumeiaios Atomic Absorption Spectrometry (AAS) @aUnsIATIE AR

K-ISE T uinenans Kelowna tiggagafeniilosaindienainildssoginanildatnaaudna5insininisou wazilany

Wutwvesesladeuleaousiinindienain 1M NH,0AC Basuniuandlimenisinlnunadeslossunsizivuinlooouay

UsgqlihlnalAesiu (Linan and Miao, 2013) Fudenldinenadinlidmiunsiiasigsinig K-ISE
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Table 2 Soil extractants and condition used for soil potassium extraction

Extractants Chemicals Soil:Extractant Extraction duration  Instrument References
Ammonium 1 M NH,OACc 1:10 30 min AAS (Warncke and
acetate Brown, 1998)
Barium 0.1 M BaCl, 1:10 30 min AAS (Simard and
chloride Zizka, 1994)
Kelowna 0.25 M CH;COOH 1:10 5 min ISE and AAS  (Kim et al., 2007)
and 0.015 M NH,F
Calcium 0.01 M CaCl, 1:10 30 min AAS (Salomon, 1998)
Chloride
Mehlich Il 0.2 M CHCOOH, 0.25 1:10 5 min AAS (Mehlich, 1984)
M NH,NO;, 0.015 M
NH,F,
0.013 M HNO;4
and 0.001 M EDTA
Distilled Distilled water 1:10 30 min AAS (Helmke and
water Sparks, 1996;

Mehlich, 1984)
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WUY8INITIn 1.0 M 89 1¥10° M w3ewindu 39,100 613 0.039 mg L™ WNgaufUNTInaNTayaNeinfevR LA 1.5 89 12
deLiiuLA3 8981uAYBY HANNA Su HI98191 pH/OSP/ISE feunsviinsinsgsiviunalnunaifenluaisazatofu
ymsusuiisusinmsiasieusinaesararsasyinunadeunaslss (KC) finrudududious 0.0, 0.1, 1, 10, 20, 30,
40, 50 way 100 me L TnedudinAimnumsdndluin (B) wardunadesnsmanuduiusseninsarnnuaiedndlai () Tu
nueiiadlias (mV) (Figure 1a wag Figure 1b) muANdURUSANN1TY9L LAY (Nernst's equation) (Zdrachek and

Bakker, 2020) Faii

0.0591
z

Eeqs = const + LogA,n,  aunsdi 1 (Eq. 1)

e E,.,. A9 A1Aua1eAndfinlailaiieuiutiesds (reference electrode) const = AuAsdnglninpangain

" v v
[ U v

NI9In399197984 (constant potential)

a

0.0591 fA® mmﬁﬁlﬁmﬂmmﬁmauﬁaﬁqmmm 298 LARIURDAIASTIVBINIT AL

Y

z fie PuulszquetlensuifenIsin

Log(A,) = -Log(1/A) fin Araenavinvespnuiduduredlosauiifein1sin
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noufas TNV K dhe KISE Wiofnwimnuduiudiuusinadradongsig q wasfuliualnmadond

uaniasulametenannfusig o dely

a) Standard K concentration (mg L) b)
0 10 20 30 40 50 60 70 80 90 100 110 50
50 y =-61.859x - 122.24
g = R?=0.9945
= = Q
E 0 -
T ek Q E %
x P L w
€ o T -50 O--‘
S 50 E o.
= g g
8 o
] R 2
§ 00 ¢ 5 4100 1 ]
] { y = 26,865In(x) - 122.24 e
= R®=0.9945 a opn
4 .
5 -150 2 -150
0
g b
= 200 -200 } ' 1 |
-3.00 -2.00 -1.00 0.00 1.00 2.00
C) -Log (K concentration, mg L)
120
)
E100 | Y =1.0413X 0
w R?=0.9995
@
T
5 80 4
©
I3
H g
S 60 |
M -
3 2
§ 401 O
8 20 4 @
s @
M
0 Q i | i : . y
0 20 40 60 80 100 120

Standard K concentration (mg L)

Figure 1 a) Relationship between measured potential and standard K concentration, b) relationship between
measured potential and -Log (K), c) linear relationship between K concentration determined by ISE and K

concentration in standard K solution by Nernst's equation in Eg.1.

nsAssdeya

Ainsziteyalnenisiinsizdanduius @y Pearson’s correlation 1At a3y 95% veanuidutuves
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N130A008L 89U (linear regression analysis) 5¥¥i1938MTIATIERUTIAINUNATBNNINTFIU AUTTIATIEYAIY K-ISE
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198N158519N 5958 M 198 UA1 9D UT U AN ALD SUNIATIEALILAGTT AAS (A) AUIS K-ISE (B) (Wi Y= A-B) kazALade

Y03USIN0 K Fas1eilalneds AAS AUAS K-ISE (whu X = (A+B)/2) (Giavarina, 2015)
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Figure 4 Relationship between extractable K by Kelowna and K-ISE and a) exchangeable K by NH,OAc and AAS b)
exchangeable K byBaCl, and AAS ¢) exchangeable K by CaCl, and AAS d) exchangeable K by Mehlich Il
and AAS in sandy texture group. Dash lines refer to linear regression of X and Y axis, solid lines refer to

1:1 line originates from zero.

anaunusiBadusEnIURnalnunadeunaniasulddisuienanauinggiu 1 M NHOAC wagdinsieiusunn
TWunadeunlensas AAS (NH,0AC-ASS) Audsunalnunaideuiiuaniuasulddieuienann Kelowna waziinsisi
#28 K-ISE (Kelowna-ISE)

andunusi3udunssvesUsunalnwnafouinaniudsulanieuienannfuniguienann Kelowna 13tAs1eH

v =

USuauda8Las 09 AAS (Exch. K by Kelowna and ASS) fufifiasnzsiusunamaeiad e KISE (Figure 5a) wudn U3uia

'
v A

Tnunadeuinaniudeuldiinsenienaowiallanduiuddadunsegrdifodfabmeann Inefdussandanduiug
Fartwun (R wifu 0.98* lunnnaunideduiivhms@inu wagnan1sies1zsiée Bland-Altman Plot Tnefwmuaauean
Bouwiniu £1.96 SD sewinnIslezisinalnunadenfiuaniudeuldlag KISE fu ASS wudn 33n1534A5729 Exch. K
Aldhenanin Kelowna uay3iAsiwiig K-ISE fldumnefniinszst Exch. K fU3E31As 9 Exch. K daeia3es ASS (Figure
5b) dalngjegluinmsiseniuld WwudeatuimalnunaiBoniiuanudsuldsmineatiniu Kelowna waziirs s KISE
(Exch. K by Kelowna and ISE) fianduiugidadunsegrefiduddameadn (R = 0.87%%) fuuSunm Exch. K fiafinsaetien
annfusasUAlTlue U fURn1s Ao 1 M NH,OAC pH 7.0 uarlnsgiiinaseisdas AAS (Exch. K by NHOAC and ASS)

(Figure 5¢) e dum9vemanTiasenuTinn Exch. K 5enI935n153LA3189005314970 Bland-Altman Plot (Figure



U s 51 atiufl 4: 630-647 (2566)./doi:10.14456/kaj.2023.xx. 644

5d) eglunaeizensuldluynnguilefuivhnnsfine anuanisinwuansdiiiiudy dienadafuilddmius KISE anunse
Mlafunsliasgiieinsas AAS waganunsaldiSeuisunaiiaserinlaannds K-ISE Auislaseinunldluriosddifinng

Ao Wanalnuna@euiidulselovimeionainfiu 1 M NH,OAC pH 7.0 uazitasigsiuiunn K daeia3os AAS n57iinen

afafAuns 2 ¥lleausaaialnunadeyluguianiieulnviouiu iWesnihgadansaesudadl NH," Avimtilunis

=

wanwdeuriv K" Agngeadaliluduiivaniieuldvesiu egrslsinuesduszneumaniivesansainfuisaessiniaiiy

U

v a

unnAnay Tneenanndu Kelowna Saneidunsa dwienadadu 1 M NH,O0AC pH 7.0 Sanngidunans feilnasie

UsganSamnisanauaaiienananlawaneneiy

a) c)
200 o 280
@ 240
g 180 & 22
T 160 T 200
m 140 e @ 180 )
g = 420 2160 Q<
52 3 2140 @
T mmn y =0.9033x+ 6.4394 § =120 Q Qy=1.142x+10.959
XE 80 R*=0.98 = £ 100 R?=0.87
) 2 g
2 g0 >
X a0 . 60
“ S 40
x 20 & o 20 .75
I e . S . S . S . —— 0 +——— 34— 0 by
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
K content by Kelowna and ISE (mg kg-') Exch. K by Kelowna and ISE (mg kg)
b) d)
20 80 1
15 | O  +196sD _F 5 +1.96 5D
— o Q 14.5 3 60 1 O o5 o 0%
210 @ ©° ot o
%5t o 00 50 © ’%40-:08%%%3009
3 00 0 o0 o O Bias(0.57) z e, 0 K © Bias(216)
5 0 S5 & 20 —00%0 og o
:°199% g o - g 8 oo
5 10 4 g | 0
Q 134 520 1 o Q © 236
1@ 1.9 8D : d .96 SD
=20 4 A e M
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Average (KanstKisg)/2 Average (KamaastKkelownanse)/2

Figure 6 a) Linear regression between exchangeable K measured by AAS (y axis) and measured by K-ISE (x axis) in
Kelowna extract, b) Bland-Altman Plot for agreement analysis of K content by AAS (K,s) and K content by
K-ISE (Kiee) in Kelowna extract, ¢) linear regression between exchangeable K measured by AAS (y axis) in
NH4OAc and exchangeable K measured by K-ISE (x axis) in Kelowna extract, d) Bland-Altman Plot for
agreement analysis of exchangeable K measured by AAS in NH,OAC extract (Ky./aas) and exchangeable K
measured by K-ISE in Kelowna extract (Keeiownasise)-

avdunusUSunawuvadeuiiuanuieuldfiatndseinenain Kelowna uaz3ins1zviaae KISE Aulwunadenlugunng 9
muduiugssrinaUsinalnunaenfiuanddeuldiinseiane KISE ludhenatn Kelowna fuuinailwunaidey

fiazanelé (Soluble K) (Figure 6a) TnunadeudivaniUdsuld (Exchangeable K) (Figure 6b) Tnunaideuiiuaniuaeulalls

(Non-exchangeable K) (Figure 6c) warTnumald esvisvun (Total K) (Figure 6d) wuin Usinalnunad sudiasadaeenade

Kelowna @ siidunasves 0.25 M CH,COOH uag 0.015 M NH,F flavduniudidadusiulnumadonsuiiazanounls (Soluble K)



KHON KAEN AGRICULTURE JOURNAL 51 (4): 634-647 (2023)./d0i:10.14456/kaj.2023.xx. 645

Aouhei uidleinnsaniamznguidonu wud UhinalwunaiBenitinsgise 1SE fandiniusgiunduiefumien (77
= 0.82) uaznguiloAunae (R? = 0.77) wazilavduiudelunduiofusiu (R= 0.37) (Figure 6a) udflanduiusidadunss
agnafitfuddyneadatulnunadendivaniudsuld (Exchangeable K) (Figure 6b) (R = 0.90) wazdsflanduiusidadunss
fulnmumaBousuiiaraeinsuiiuaniuisuld (Sol K+Exch. K) (R= 0.93) (Figure 6¢) usfiandiiusiBadunsadautraniy
sUAkanUAsulalld (non-exchangeable K) Tasiian R’= 0.55 lunguidlefuwmien R = 0.42 Tunquuilofuiau uay K= 082
TunguiiioRunsne (Figure 6d) ot SavduiusiBadunsslaidaauiuinumadusuianun (Total K) Tnefian R2= 0.06 Tundu
defunilen R = 0.09 lunguiiofusiu was R= 0.67 lunquiiiefunse (Figure 6e) nansdnuniuansdiisiuin then
afin Kelowna Ssfiandasiudiutnenatanasgiu 1 M NHOAC pH 7.0 Sanusimesolnunadenlooousuiiuandeuls
yufsgUitaraeild T Viinalnwadesiiatadetheiatn Kelowna uagliaesisas ISE agluguiliduusslon
waganunsaldisnisiadedidninsnnigatioeu 1uisnsussifiuanuilulsrlovivednunadenlufuld msizanunse
WIsuieuRuIBunmnsgiu (IM NH,OAC pH 7.0 wag AAS) fildluesufuAnisiasesinuialy Saasiduusslovsents

JavheuuzihnslideldegamnduasiuseanunmressinensiegludulutiiavesnmsmzUgnla

a) b) €)
80 600 T00
70 o ¥Y=1.1243x + 15.12{}.0 §00 ¥=1.12545x + 21.436
R2=0.37. £ 500 R2=0.90 . - R?=093 0
< 60 Q 2 2 500
2 o) 2 400 2
> 50 E E
£ ¥ B w 400
< 40 [} R2=0.82 .- @ 300 :
5 .Q 2 5 S 300
5 30 @ i 8 g.-" Q
% @Clayey Soils 5 200 1 . ¥ 200 o) i
o 20 T 5 @ Clayey Soils x e @Clayey Soils
2=0.77 ©Loamy Soils 3 L Sol 5 k. L Sol.
10 o ) w 100 ©Loamy Soils & 100 ©Loamy Soils
#Sandy Soils d ® Sandy Soils ® Sandy Soils
0 0 0 P - - - t t - i
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Exchangeable K by Kelowna-I1SE {mg kg) Exchangeable K by Kelowna-ISE {(mg kg-') Exchangeable K by Kelowna-ISE {mg kg™)
d) e)
900 12
— @ @
_ B0O = .
2 2 R?=0.42.- 10 o
o 700
£ - .
< 800 o 2 8 @ R2=0.09
o s [e. @ e
3 50 2. & o e
© 400 = O&Q e e
5 .‘_c“ 0 e ®Clayey Soils
S 300 - 4 3
S ] Q’Q ’Rz - 006 oloamy SO-IIS
? 200 @Clayey Soils @ueo o ®Sandy Soils
=) 100 @Loamy Soils 2 5- @ o
z
@ Sandy Soils % 5‘ 9 R2= 067
F 0 -&
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Exchangeable K by Kelowna-ISE (mg kg-') Exchangeable K by Kelowna-ISE (mg kg-')

Figure 6 Linear relationship between K content extracted by Kelowna extractant and measured by K-ISE with a)

soluble K b) exchangeable K ¢) non-exchangeable K and d) total K contents.
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