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Abstract

Background and Objective: Rapid and accurate assessment of plant-available
potassium (K) in soils using appropriate extractants and analytical techniques
is essential for effective potassium fertilizer management. This study aimed
to compare the performance of four soil extractants—1 M NH OAc, Bray I,
Mehlich I, and 0.01 M CaClZ—combined with two analytical methods,
atomic absorption spectroscopy (AAS) and UV-visible spectroscopy (UV-Vis),
to evaluate their potential for use in low-cost, field-adaptable soil K test kits.
The novelty of this research lies in verifying the agreement between the
UV-Vis method and the standard AAS method, particularly with extractants
free from interfering ions, to support the practical application in Thai agricultural

contexts.

Methodology: A total of 178 soil samples were collected from jasmine rice
cultivation areas in Northeast Thailand. Extractable potassium was measured
using both AAS and UV-Vis, and statistical analyses were performed to

evaluate correlations and cost-effectiveness.

Main Results: Most soil samples contained potassium predominantly in
non-exchangeable forms. UV-Vis measurements using Mehlich | and CaCL2
extractants showed strong correlation with AAS values (r = 0.93 and 0.89,
respectively). UV-Vis also offered lower analytical costs (1.54 THB per
analysis) compared to AAS (2.05 THB). However, a key limitation was observed
when using UV-Vis with extractants containing ammonium ions (NH "), such

as NH OAc and Bray II, due to turbidity interference.

Conclusions: UV-Vis spectroscopy, when combined with Mehlich I and CaCl,
extractants, is a promising alternative for developing cost-effective, rapid, and
accurate soil K test kits suitable for field use, supporting site-specific

fertilizer recommendations.
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nAALAzIiNUsEAVS A mAsINEUgn

msUszdiuenudusslevivednunadenluiu
aansnsuiumslienass Inetuogiusiavesine
afinld Fefinariovinailnunadoniianunsadald msfnw
Frisndnliienata 1 v NH OAc sauffumaiia atomic
absorption spectroscopy (AAS) %&Lﬁuﬁgmmii’]uﬁmjuﬁﬂ
wazldiuunsnangluvioaujimnis (Schollenberger and
Simon, 1945) luvauzineniu watla UV-visible spectroscopy
(UV-Vis) l§umsiamniieliiesgilnunadelufulag
o1 smsaTaruyu Sedidnenmilunsinludszgndld
TuuSunnmeauu (Liu et al., 2021) Yaqtufihenafovann
wanewiafldlunsatalnuaden wu Bray Il, Mehlich |
uaz 0.01 M CaCl Fsannsaatasigemsivvatevie
Taluasie? (Bray and Kurtz, 1945; Thomas, 1982;
Sparks et al., 1996; Mylavarapu et al., 2002; Kim et al.,
2007) upzgnimutuiiaifiueuazmnuazansiuyuves
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Tudszmelng sAdefiAdostunisusziiiu
Tnunadeulufunirauuiegsiita Tnsamyluiuivgn
FrmeunrafiinnamainvatenaMenInYeil MUYes
Attanandana et al. (1999) litausisiasnzi NPK wuude
Tngldunuiieudniudunsinsgianugu widaliiinng
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wlyinaifaudiusiBauinlussiuisensulstuaiin
1590 AAS waganunsaltununsinseilueau juRnns
dlusummesamadeunaa foiu sAdui U syasd

ieUszdiusyauanuduusslovivosinunadenlufuily
Ugntavenuedluniany fusenideumilevessundlny
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A3 9 S dTieseiiemaia AAS war UV-Vis iie
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GT’JEJﬂwnﬁumﬂumﬁﬁﬂmLﬁumﬂﬁuﬁﬂqﬂ%’nmu
uzAnany Jusenideanie finnudn 0-30 wuRiwns Tng
usegnilvinseunquitufiulannens Ruduifufogs
wuudn-uen Ingluusasiiufiduioussann 15-20 g0
soudas ldlufmanafinavenn waunqniad Ay Asliiuts
Tufisy ulsiegnsdueendu 4 dw denun 1 dw dield
TumsAas ey samuasuau 178 dreehs Tuitudl 6 Smin
ilosniuvdaumsdgninvneenusanddnluniang u
oonisamilelnsiuiinzgnasounqunitfesas 48.7
LLazﬂixm‘afﬁaaguuﬁuﬁﬁﬁLﬁaﬁuLmﬂmaﬁu lawn Tamin
guas1ws1il UISud mlaziny glass Full uavveuunu
(Rice Department, 2024) lngilusieensfuandmindond
gLnetnuLiy 311U 15 fege Jmiaussud dune
aUanune 91U 15 Megne Jinglass o nneumnauzdy
U 34 feg1e Tnindiasine ouneElaa diuau
52 f19819 TINTATOULAU SILNDNUDIFDINBY U
27 $79819 wardaninguasysndl dinedlse 9uau
35 e Imamamqm&%Lwiﬁut.ﬁaamﬁmiﬂwﬁaﬁu
levenu Fadnngfufusiuvunse (Figure 1)
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BUMITIUUTENOUMIY NITUANNTEALVUIADYNIARY
(Soil particle size distribution) la&33 pipette (Gee and
Bauder, 1986) Wtavdu (Soil pH) Sasarupusetiniu
1:1 (National Soil Survey Center, 1996) U%mm@uw’%ﬁmq
(Organic matter) 1ne35 wet-oxidation (Walkley and
Black, 1934) Usinaueanesaiiduuselens (Available P)
10833 Bray Il (Bray and Kurtz, 1945) uazUSunanuadi
anmle (Extractable bases) @ag 1 M NH OAc pH 7.0
(Thomas, 1982)
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Figure 1 Location map of the soil sampling sites in the study area for growing jasmine rice in Northeast Thailand
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Table 1 Soil extractants and conditions used for soil available potassium extraction

Extractants Chemicals Soil: Extraction Instrument References
Extractant duration
Ammonium acetate 1M NH4OAC 1:10 30 min AAS Thomas (1982)
Bray Il 0.1 M HCl and 1:10 1 min AAS Bray and Kurtz
0.03 M NH4F (1945)
Mehlich | 0.05 M HCl and 1:10 5 min AAS and UV-Vis  Mylavarapu et
0.0125 M HZSO4 al. (2002)
Calcium chloride 0.01 M CaCL2 1:10 30 min AAS and UV-Vis  Salomon (1998)
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Figure 2 Flow chart of analytical procedure
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nseausUle (Agreement of analysis) vsio UV-Vis wW3eu
WeuiuiauInsgiu AAS Tag Bland-Altman Plot Tagnis
adansmsznindiuneIUSinalnuasuiinn sz
Talagds AAS (A) AUIT UV-Vis (B) (Wi Y = A-B) uag
Aadeves3inn K wszilalagds AAS fU3T UV-Vis
(WU X = (A+B)/2) (Giavarina, 2015) WagA1TIATIZN
BaATeganslagBATeiiuunenITIATIE a1 wag
USunaasindifildainnsiassiiuiouiioudsinses
1NATFIUFIBIATET AAS Wag UV-Vis

WanisnQaovla:3v1sad
autinsnienmuaziafivasiufiane
audRvesiufidnwiwansly Table 2 Tagwuin
fhoghsduiiinuiiiofueglunduitoneufianden Tne
dulunduiusiuvunsie Tesiudunsadauiniadu
AnsUrunans (pH 4.11-8.14) Audvsuameanesaiidu
Uszlewflufidosuinfegeann (1.16-369.26 fiadny

seflansy) dUsumdunieingluiidedunniageann
(1.03-46.28 n3usieAlansy) fUSmnalwunaFeuiaiale
(4.02-153.50 fadnfuredlansy) unaeuiadals
(53.27-6,235.90 fiadnsusienlaniy) wavuuniliondiadn
1% (6.91-505.29 findn3usionlans) Inunadoufiazatei
ogluiide 1.40-133.96 fadnsusionlan3u nunadeusud
uaniasuleglufidy 0.02-132.11 fladnsusieflansu uaz
Tnuvaenguitlivanuasueglufide 2.17-218.39 fiadn3u
saflaniu wan1sfnwinudn YTunalnunadeslusiu
dnilvgjoglusuiuanasulalliinnninguilazanslsuay
sUfiwanideuls idesonumnalnunadenluiuosay
90-98 voslnunadouian 1zegluzusugugiitady
sUifislsiansnsathluldussTendlalaonss uaslnumadon
TugUiinandeulildgnafeegseninsdureausiumilen
wu daladuariiesialad Jnhlidvsinaginilnunadey
Fwandsuldunn (Weil and Brady, 2017)

Table 2 Physiochemical property of soil used in the experiment (n = 178)

Provinces
Soil properties Chaiyaphum  Buriram  Yasothon Sisaket Khonkaen Ubon
Ratchathani
Physical properties
Sand (g kg™) 490 450 594 529 654 784
Silt (g kg™) 246 145 98 129 156 96
Clay (g kg™ 258 405 308 342 189 120
Chemical properties
pH (1:1) 6.56 4.64 5.05 4.92 5.51 4.76
Avail. P (mg kg™) 12.0 13.5 15.61 46.4 7.11 12.1
OM (g kg?) 11.8 9.51 11.8 11.6 6.92 7.80
Extr. K (mg kg™) 84.7 32.6 14.7 32.2 25.17 26.6
Extr. Ca (mg kg™) 2,141.8 702.6 292.3 312.5 857.4 168.0
Extr. Mg (mg kg™ 2474 60.2 31.0 34.0 122.5 52.5

Values are presented as means. Avail. P = available phosphorus, OM = organic matter, Extr. K = extractable

potassium, Extr. Ca = extractable calcium, Extr. Mg = extractable magnesium.



sutinisduiidenadesunalnunadeuiiuaniuaeuld
Frethenatnulinging q
NansANwALdITUS ST aTRRUTARN WY
snalnunadeuiiuanideuls wuin Tnuna@ougud
wandsuldvesfuilanduiufideuinduuiunueynia
ns1outls Afilovvesiu Uhinudunieing Woarlesaiidu
Usglowd wazUTunanvadianale wasilanduiusiBsauiy
USunaeynianse (Table 3) Tnguszquanvedlnunaidys
fifloglufiuasduiulszgavuuiiufinvesdunienglufy
(Shamsham et al., 2019; Mhalla et al., 2022) uaﬂmﬂﬁ
ANuduRussEniIveynanTewdafulnunadey Wil

Tnuvadeseagneelimeusananment wu nesfiadlad
wazlalnslulelng Tnewulslunguiuieveny (Murashkina
et al., 2007) mMswasuudasinuvadeuiinandsuls
Tupudulnglina1nN1500a9909A LY @OAAADINUNE
N15AN®1909 Singh and Mishra (2012), Athokpam et al.
(2013) waz Paudel et al. (2020) FuAnaInnvEaLUE
gonaniu Aulidunsauneravlilnunadevazanuas
gnuzanseanly (Werle et al., 2008) yilvinuAuduuS
Favanseninsanfiovvesiunasinunafouifeglufu
namie Inunageufundsauiforesiu Sedauva
ﬁaﬁ’mlé’guﬁaﬁuﬁﬂwﬁuqa (Kozak et al., 2005)

Table 3 Correlation coefficient between soil properties and available K in soils (n = 178)

Available K in soils

Soil properties

1M NH4OAc Bray Il by  Mehlich I by Mehlich by 0.01 M CaCl2 0.01 M CaCL2
by AAS AAS AAS UV-Vis by AAS by UV-Vis
% Sand -0.23* -0.21* -0.16* 0.10™ -0.08™ -0.11™
% Silt 0.54* 0.54* 0.44* 0.37* 0.35* 0.29*
% Clay 0.03™ 0.01™ 0.00™ -0.05™ -0.05™ 0.00™
pH 1:1 0.43* 0.47* 0.40* 0.33* 0.29* 0.20*
Organic matter 0.22* 0.21* 0.21* 0.16* 0.16* 0.19*
Available P 0.33* 0.33* 0.39* 0.36* 0.37* 0.32*
Extractable K 1.00 0.99% 0.98* 0.94* 0.92* 0.89%
Extractable Ca 0.49% 0.52% 0.41* 0.33* 0.26* 0.21*
Extractable Mg 0.60% 0.62% 0.53* 0.46* 0.42% 0.35%

* Significance at P < 0.05, ns non-significant correlations.

avduiusUSnalnunaduivandeulddedrenada
YUAGN 9
nan1sAnsUsInalnwadeniivanudeuldads
Mnthenafn 4 wia :INTEAATIER AAS Wa UV-Vis wut
Gunalwunadeuiadaldantendsin Bray Il lngiainset
AAS Siananniian egluiidt 5.57-169.48 fiadn3usiedlansy
se9a8nAe Yhenaia Mehlich | agluiidey 6.25-176.05
fadnsusenlansu Ined8As189 UV-Vis Lag 6.37-185.95

fiaan3udenlaniy 1ne3sains1esk AAS drdfudinaniie 1hen
afn 1 M NH OAc lag35iiasizit AAS Heregluiidy
4.02-153.50 fiafinusteAlansu uagwuantosiiaaluie,
afin 0.01 M CaCl ogfluitde 1.87-177.20 Tadn3ustefilaniy
1neAF AT I¥94 UV-Vis Lz 2.80-140.25 ladnsudanlansy
TneARAR129A AAS Fauamalilu Table 4 losinmsinsey
YSualnuna@euludiusieds UV-Vis aggnsuniulag
leeeunonlanilon (NH ) Fafudrunanvonienatn 1 M



NH OAc uag Bray |l Faflnasionsinanuyulngds UV-Vis
FuihliliansnsodaUmnalnumadouiiuaniudoulsisness
UV-Vis snunalnvesinenataanusoutsienataldiiu 3
naw deil nguusnAenisatasie 1 M NH,0Ac dildleoou
wouludemiounuiilnunaienainiu nquitaesdu
msafadensa leun Bray Il way Mehlich | Flnuvades
szgnunuilaglossulslasianuain Mehlich | uwaglesay
lelnsiaunazuonludlenain Bray Il uazlunguitanmiiu
@15ara18Lndesauvad 0.01 M CaCl2 (Zebec et al., 2017;
Angelova et al,, 2021) Anaenansalunisuanideuszning
wanlesauvestneataurazaiatuagfusiuianislad

vowanlosautiu q Fmmmslariveuanloseuredslasiau
fannileseuvssuaa@es (Weil and Brady, 2017) 3yl
TnunaBeuiiwanasuldandenadn Mehlich | fdnannn
thenarin 0.01 M CaCl 1113535193 AAS uay UV-Vis

InnansAnwInUIUSIalnuvadsuiiadale
MnARNsasaTe 6 38 fnuduiusiilu@uin (Table 5)
Feaonndestunsinuves Zebec et al. (2017) uay
Angelova et al. (2021) fiuaninadnifindnendet waznu
mANUSogslitd AT N TuYR VAT Y
fafnldanisidne Fsstanunsoadalnumadouoen
wleluvsinadilndide st

Table 4 Minimum, maximum and average concentrations of soil potassium (mg kg') determined by AAS and

UV-Vis method (n = 178)

Available K in soils

Parameter AAS- AAS- AAS- UV-Vis- AAS- UV-Vis-
1M NH40Ac Bray Il Mehlich | Mehlich | 0.01 M CaCl2 0.01 M CaCl2
Min (mg kg™) 4.02 5.57 6.37 6.25 2.80 1.87
Max (mg kg™) 153.50 169.48 185.95 176.05 140.25 177.20
Average (mg kg™) 36.63 41.76 37.90 39.00 26.21 31.56

Table 5 Correlation matrix (r) for interrelationship of K availability in soils with different extractants by AAS and

UV-Vis methods (n = 178)

Available K in soils

Available K
AAS- AAS- AAS- AAS- UV-Vis- UV-Vis-

extractants

1M NH4OAc Bray Il Mehlich| 0.01 M CaCl2 Mehlich | 0.01 M CaCl2
AAS-1 M NquAc 1.00
AAS-Bray |l 0.99* 1.00
AAS-Mehlich | 0.98* 0.98* 1.00
AAS-0.01 M CaCL2 0.94* 0.93* 0.97* 1.00
UV-Vis-Mehlich | 0.93* 0.92* 0.96* 0.96* 1.00
UV-Vis-0.01 M CaCl 0.89* 0.87* 0.91* 0.95* 0.92* 1.00

2

* Significance at P < 0.05
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Table 7 Correlation matrix (r) for interrelationship of K availability in soils with different extractants by AAS,

UV-Vis methods and forms of K (n = 178)

K availability in soils AAS AAS AAS AAS UV-Vis UV-Vis
K-NH OAc  K-Bray K- Mehlich | K—CaCl2 K- Mehlich | K—CaCL2
Soluble K 0.77* 0.79* 0.70* 0.58* 0.62* 0.51*
Exchangeable K 0.93* 0.93* 0.90* 0.86* 0.86% 0.80%
Soluble K + Exchangeable K 0.57* 0.60* 0.48* 0.35*% 0.40* 0.29*
Non-exchangeable K 0.92* 0.93* 0.87* 0.78* 0.80* 0.72*

* Significance at P < 0.05
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Table 8 Economic analysis of comparative AAS and UV-Vis techniques

Criteria AAS UV-Vis
Cost per analysis 2.05 THB 1.54 THB
Chemical volume per analysis 3.00 mL 1.25 mL
Time per analysis 10 min 10 min

Gas usage

Requires acetylene gas

No gas required
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