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ABSTRACT
The study on roles of smectites on plant nutrients and heavy metals in Thai soils was
carried out by investigating environment that soils showed the characteristics indicating the
high smectite content and selecting sampling locations to conduct detailed study. Detailed
analyses of soils included morphology, physico-chemical and mineralogical properties,
speciation of smectites and roles of smectites on soil fertility and adsorption of heavy metals
in soils.

Results of the study revealed that soils having high content of smecites in Thailand are
Vetisols distributed extensively in lowlands of Central Plain and in uplands of Central
Highlands. Other limited areas are in North and Northeast Thailand. The soils in Central
Plain are mainly Endoaquerts and on the uplands they are Haplusterts. Smectite species
found in these soils is beidellite having high iron content and high charge developed from
tetrahedral sheet in the structure. This beidellite has major physico-chemical properties
promoting relatively high agricultural potential for Vertisols. Important roles of beidellite in
these soils are making their systems active for retaining and exchanging plant nutrients,
and promoting their fertility. Beidellite can adsorb heavy metals such as lead, copper, zinc
and cadmium at variable amounts, and it can adsorb lead highest. The adsorption levels in
descending order are for copper, zinc and cadmium respectively. Adsorption by beidellite
depends on quantity of soil beidellite, pH and concentration of heavy metals in soil solution.
On uplands where soils have high pH and stable condition of beidellite the soils are fertile
and with no distribution of heavy metals either in agricultural crop production environment or

in general soil environment.

Key words : Beidellite , Vertisols , Potassium , Adsorption , Heavy metal
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ABSTRACT

The study on roles of smectites on plant nutrients and heavy metals in Thai soils
was carried out by investigating environment that soils showed the characteristics indicating
the high smectite content and selecting sampling locations to conduct detailed study.
Detailed analyses of soils included morphology, physico-chemical and mineralogical
properties, speciation of smectites and roles of smectites on soil fertility and adsorption of

heavy metals in soils.

Results of the study revealed that soils having high content of smecites in Thailand
are Vetisols distributed extensively in lowlands of Central Plain and in uplands of Central
Hichlands. Other limited areas are in North and Northeast Thailand. The soils in Central
Plain are mainly Endoaquerts and on the uplands they are Haplusterts. Smectite species
found in these soils is beidellite having high iron content and high charge developed from
tetrahedral sheet in the structure. This beidellite has major physico-chemical properties
promoting relatively high agricultural potential for Vertisols. Important roles of beidellite in
these soils are making their systems active for retaining and exchanging plant nutrients, and
promoting their fertility. Beidellite can adsorb heavy metals such as lead, copper, zinc and
cadmium at variable amounts, and it can adsorb lead highest. The adsorption levels in
descending order are for copper, zinc and cadmium respectively. Adsorption by beidellite
depends on quantity of soil beidellite, pH and concentration of heavy metals in soil solution.
On uplands where soils have high pH and stable condition of beidellite the soils are fertile
and with no distribution of heavy metals either in agricultural crop production environment

or in general soil environment.

Keywords: smectites, beidellite, Vertisols, potassium, adsorption, heavy metals
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N5IANITANUE RO WMTHY karnsUTEINanUA A INA N lUNINEANYD IS

wslunguanlndifuusiumiefiflassaiauuuuiy  (phyllosilicate) Aluniielaseaiins
UsznouMeusuBan 2 unu uazuiuozgiiun 1wy Ansrufudindunsfumieiuseian 21
(S, 2553) anansndiauazuad mevauesteauiuld uslunduamnivdudseantéidu 2 nqu
Tvie) wazdlvllnvaswswandreiuluwiazngu Aowslungy dioctahedral UsenaumigusuaudueIala
lud lunalad wazusulnslud wazwslungy trioctahedral Usznaumiews alnlug enlvlsd uas
golalud (Guven, 1988; Deer et al., 1992; Bouabid et al.; 1996; Wilson, 1999) TuRAudulugay
swunslungy dioctahedral 11nnirlundu trioctahedral iiosanuslungundsil azliiafiondelin
N1IKIIEaIEF7 LW57msﬁ?u'«azlajwuiuﬁuﬁﬁmsﬁwmqﬁ (Buol et al, 2003) lnganzludunigla
anweinelnsouululssmelne (Sud, 2533, 2553)

Auluussinelng Teaduszneuidusuanssiuroudiaunn (Yoothong et al., 1997) da.du
HAIINANNLINNRAIRgAUATAuRNIzUTIM Y EAnan mINIsInEnsuanaaiueeniy
1By, 2534) wihAuiTesduszneudauslunguoynavwiafumdsnduuslunguamnivdasiing
wannszaeeginly uiRuituslunguamnlndfuusesduseneuvdndrulngiduiulusufunesi
woad sudunuitiuiussanndesas 2.4 vadlan (Wilding and Tessier, 1988: Buol et al., 2003)
Laziuiiussanadesay 0.65 vasiululszmelng (Panichapong, 1982; Vijarsom, 1982) @slu
UizLwﬁlmawﬂuﬁ’uﬁfimﬂudwﬁmm wavdilaildinsanunluduasidenograduszuy Ghosh et al.,
2006) mMsAnuwazidealudest wwvlfaunsaifiusyaniamlunsdansauiernuaugaves
51915y uazastiymmisaniniandenls 1lesinanudulszlevivessinemsiiy wagua
vaslaveniindaduuasleseuluiu sziferdostuammquaniudeuludu lngianefuianssuves
wslungueymavuiniumils Tnsuslunguaning Jaduusnfiuszeavanisgs wazianiug
waniUdsuuanleaougs adiunuimesrannlusisansdu fo Aunisaduayunisiivin uwag
LLaﬂLﬂﬁsJu"Laaauﬁﬁwaeiammqmmmyiaiﬂumﬁu (Laird et al., 1988; Singh and Heffernan, 2002)
wazifuinlaveniinluiu nseseenarnnslduesity SaifinnsAnwiassuuneiavesuslunguillsd
(Malla and Dousglas, 1987) uagisliladinsAnululsewnelne

nsfnwralunuNIsIMUASN YL N1TIATIEYITUALLEEN TINTINITHANKIITTAVBILTTY
nauawnlndvashuludssinelneg waznisuseliudnanmdvunuimvssslunguainivalunis
Wauinsineaskazan1zlaventdnluanimuingesunisugniiveinis azvilildesdainuing
Usglovilvisludunisinensuaziudsninasy (Reid-Soukup  and  Ulery,  2002) iiioiinlUld
Usgnaun13iansun1sldnug n1snaasede NUsEANSAIN N15YIINI9NEATAR wazsnw)
Y Ao v = N s Sy
annndeunfvessemeld n1sfnwdlingUszasndseluiife



Aada a

1. Wedwnzivsnaiunifuiiusiunguawnindidudsunagiludssmelne

2. iodwgranuuanaswesstunguaunivsluau Tunuidng 9 uasilSeudisudsunn
wavanUivosuslunguamnlng Tuanmwandeuiiunnanaiu visluuinaiduiguiasineu

3. LilenadauauuaniUiey  (exchange capacity) wazamauIsalunisidentiudin
wanlepauildusinomsivy uazlaveninvewslungualunlng

4. Wefnwianwagiu waganinwinsedlunisifauslunguawnindlufu

5. wiafnwaudfnng q vewuslunguaunivdegisaziden uasauduiusseniiwsly
nauawning Auaudfruveddiu

6. \ileUszanatayanlaainnisAnyy Yssiliudnenmvauslunguanlnddanisinuns
LaEHAROANTNILING DY

msfnwaseunauiamsAnslumaaunvesiululssmalvefiddunsinevesiuduusly
nquauning n1siiaseiiesiuluviesufoinisduaziBeanenienn edl wazusinen
Laznsilaswideyaesiudildmsiinssvinsadfivszneu aneldnseuanudaiii awnlndd
unumgewnunskanilasusinermsiitluiu wagnisiiuinsinlangwiinlunisannisuannszane
voaiyluNTUgNNLALANNKINGOUVBIFY

Bnsanfiuauide wazaauivinmmeasyinudeya
= & A a da o ¢ ¢ .
nsAnwunvesundusamnindiluasdusznavatgs

AnwtayafunaUsenARINUALARY karnan1ITemsfunneitesiuuslunguawninaluy
Uszinalng sausiudeyafuiniitunsivenvesduluuslunguawnlng uazimuanuinisfne
ANMLINGON LagUAIeE19AY

N9 HUIUAIAEUY

1. nfiunimmualinuiidaiasiaaeulasldunuil uasmainaisaumegiiaians nvue
USunsAnwduasideaviavan 14 uSnaduuTuaiisunana wagileniwiainaunas (Central
Highlands) waeUszme Fsivsiiuiunguwaziunneu Nldumsauuaud@nuild

2. Tuituil 14 Vs wengansanwinududuvulunisfinuduazidenlagldunuivesnsy
WAL UIRTIEIU 1:50,000 LAZUHUNAUIIITINTIAVDINTURNUINGAY WIns1d2U 1:100,000
Uszneu nMvusgaiusiegalagldinsesirunsumisuuiinlan (global positioning system: GPS)

3. iusegspuluiiuiisng q fdvuadislufiquuasiineu iefnuauifinausine, wae
andivosuslunguamning lneiiusodspundseanidy 3 sedu Ao 1) SuAnvurietulonsu s
fvusluauimauaninnisazauduniong 2) duldgiuvesiufnuuadlufeseduanudn 60
LYUFLNAT %aﬁu%ﬁuimﬁmwmaﬂmau way 3) JufuansEduAuAn 60 WwuRLAST 9 100
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wuRLes FATURANE1IY9INITIATIZRTULIIN1VBIRUAULINTFIUATANIN19AY (Soil Survey
Staff, 2010)

- 2w ! = 1% a a dao i@ a da 1

4. \deniiudegrsuarAnwianinuinaeunuyinvesnunidnvusdinlufuniusngy
awnlnddussdusznevedas Inefiansanandneaen1swandusessuianiIntIvefu wagn1sd
ANNANIANNEIAN ANz TuYLIAEN (microrelief) Tnon sl dnuazAuanIzUTIM W

o v o a ¥ v oo Y = =

NMvuAlR AnwRuantdalaen1syaauuuIAnde x 813 x @n 1.5 x 2.0 x 2.0 wns Anw
duguIng1vesiiu wUstuAunuTUALEnRY YiAeSUIenTndnAunLITuIRsg U (BY, 2550; Soil
Survey Division Staff, 1993) wagUuiinan1miindeuesnu TuNSANYIAINEUNUGYIaUURLTILS

Tunguaunivng AuaudARuNMINITINYAT WAEKANINENTNWINSDY

5. iumegrshulumihdnfunutunidediu lneiudiesgnfuignsuniuduay 1-2 Alansy
ATOUARUSREAY 60 VDITURULAAZTY WBIATILRAUTRVIINIEAN LA WAZUSINEIVDIAY Laztiy
AIDYNAUINDIATIERAMUNUILUUTIY (bulk density) VBshy

n15IATzialag1eAuluiasUfuninng
1. ASA3ENATDYISA

w3suegsRulnan sRIAWASTUNTY Lannsan WewRutuudiuosivaunlrgosn U
AU LAYIOUKIUASLNTIVUIA 2 TadklnT warldsing 19w Iautlun1sIAs1EialuANIaNI8n N bAdl
LAYLIINYIVBIAU

2. ANSIAIISHAUUANIINIBAINVDIAY

2.1 AUATIENNTUANNTEANBVRIBUAIAGY  (Particle size distribution) lagEluiund
(pipette method) (Gee and Bauder, 1986) wagianuasuszinnueiilonu lnailTsuiisutuiilonu
mmﬂm%maqmwmqLﬂwmaw%’gam‘%m (USDA textural classes) (Soil Survey Staff, 2010)

2.2 AATIFAAMURUILUUTINUDIAULASIT clod method (Blake and Hartge, 1986)

23 Aerendulssansnisveneiudadu (Coefficient of linear extensibility: COLE)
TnetuiudenBuuiudiaseliuanidiewis (rod using soil paste) (Schafer and Singer, 1976)

3. NFATITHANUANIANVDIAY

3.1 ey (pH) Ineldipiesiafiey (pH meter) [98ndruRuson waziudoasazane
1M KCl 1A 1:1 (National Soil Survey Center, 1996)

3.2 A15UBUBUNSY (Organic carbon: OC) Ine3s Walkley and Black titration (Walkley
and Black, 1934; Nelson and Sommers, 1996) udmuinmUsaudunseingludu (organic
matter content: OM) 91ng»ns OM = OC x 1.724

3.3 lulpsiausiu (Total nitrogen) 138 Kjeldahl method (National Soil Survey
Center, 1996)



3.4 veaweSaiduuselend (Available phosphorus) 1ae735 Bray Il (Bray and Kurtz,
1945)

3.5 Luaﬁaﬁmléf (Extractable bases; Ca2+, I\/\g2+, Na' and K') lnsaiasig 1M NH,OAC
MUunans (pH = 7.0) udrinuSunadlagld atomic absorption spectrophotometer (AAS) (Thomas,
1982a)

3.6 anudunsadiadiele (Extractable acidity: EA) 178 barium chloride triethanola-
mine at pH 8.2 (Thomas, 1982b)

3.7 mma;uamﬂﬁlammmlaaau (Cation exchange capacity: CEQ) Tunsgursian
leeaumeansazany IM NHOAC Adunats (pH = 7.0) uavuwnuiuesluiloulossumsaisazaiey
liAsunaslsn speay 10 Tuanimdunsn (Chapman, 1965; Rhoads, 1982)

3.8 uAaeuAsusuURaNLad (Calcum carbonate equivalent: CCE) lngnisazane
wAALTENASUBLUA (CaCOs) A8 1M HCl waglninsndounduais IM NaOH (National Soil Survey
Center, 1996)

3.9 9NI1T0UAYAINBUAIUA (Base saturation percentage: PBS) IngAIuIMaINAT
Usunanuananale wazanudunsafiadaldainans % BS = (Sum bases/(Sum bases + EA) x 100

3.10 wéan avgilily wazunananiadald (Extractable Fe, AL Mn) Ingdd dithionite-
citrate-bicarbonate (DCB), ammonium oxalate, kag sodium pyrophosphate (Mehra and
Jackson, 1960; McKeaque and Day, 1996; National Soil Survey Center, 1996)

3.11 n3tlalfl1  (Electrical  conductivity) annansanafudusiadaein  (extract of
saturated soil/water) (National Soil Survey Center, 1996)

3.12 519MaNKarsIRT09ne 9 TuAu (Total analysis of major and minor elements) lng
19 X-ray fluorescence spectrometer (XRF) Wag inductively coupled plasma-optical emission
spectrometry (ICP-OES) (Karathanasis and Hajek, 1996)

4. A15AAIISHLTILIINGN

4.1 Tasgvsianazusunavecusiunu laeldvmatdanisiduiiuussdiond (X-ray
diffraction analysis: XRD) (Brown and Brindley, 1980; Whittig and Allardice, 1986)

4.2 Aesevaudivewsawning uazviinveuslunguaunlvdnuisuinsgiu (Green-
Kelly, 1955) waz3d alkylammonium (Legaly, 1994; Ruhlicke and Kohler, 1981) Au35 silver-
thiourea (Rayment and Higginson, 1992)

4.3 Aaernsasanunadeuvesusauning 1nedd wet and dry (Bouabid et al,
1991)

5. Anszidayanisannlagldlusunsy Statistica



NAaNISANE

3 wa a d'd 1 1 ¢ & ' 1
anwaznazantAvasfuntusnauaunlndilussAusenauagss
ANMNINAsULaTANwTN2 I UYaIRY

HARINNTANYIANTNUIARDULALFNYULNINEAINYVBIRIFU NiAIReITesivaudily
sunstanaznamvawsiunguamnivdluauiy wuiriiunnauinisuaniusesssuneiioni uay
firuaasgivganiadudnuazinu Inswannszaaduuinauninenduiufisnuaanals uas
WINiw1genaunanavausema Usenaumeyasiusig q Nilveuluasailesiumuiruniuaziden

! ¥ ! v Aa [ a A & a ¢
ADUTMEIU (WIMTIdIU 1:100,000) vosnsuiauiay Ingegluusnaniduuniuyugainesidleu
(Permian limestone) LLazﬁ%"l‘UﬁLﬁmﬁ]’mmzﬂauﬁ’lwﬂuqﬂmaLwa’guﬁ (Quaternary alluvium) 1Ju
dlug) (Geological Survey Division Staff, 1985) WagazlasuNansenuINALNBUNITALABVEY
a s % - g X do o = = 4 v a A
udugamesioume (0 i 1) sgluiundminassys anys wazinysysal Usenaume fuinuly
Usduiiquie ganutiumll (Ban Mi) 2 U3k (Bm1, Bm2) gadutesua (Chong Khae: Ck)
YaAUaNY3 (Lop Bur) 2 USand (Lbl, Lb2) wazyaAudmun (Wattana: Wa) dwsuluusnaiiiu

9 q

a

Minau A YARuYISUE (Buri Ram: Br) ¥nAudeuIna (Chai Badan) 2 Uskin (Cd1, Cd2) yaruanys
(Lb3) gnpugsenen (Samo Thod) 2 USiiad (Satl, Sat2) uagyadudasuy (Wang Chomphu) 2
UsLIed (Wel, We2)

anuandaulaevidluvesiunivhnsfinwuusesndu 2 ngualeiu As nquvesiuluiiuiigy
2 oz A A s a A p H ! a & A
Feduiundiumvesanmgiussinanidu footslope kagNsrunznautIng waznguvesRulunug

= < dgl" a a A & I 1 1 a g./’ 1 Yo g

Aoududununnouuuvesan ngiusemanidu footslope 1Uudulng) Aunsaeangulasuingsu
Aafuludnwagaznoudinuanigusiiu (ocal  alluvium)  WUnedEy laadRintvesdnIn
pivszwalidnuazduiisusazgnadivaeuain anmnsldnaudinlngilunisndafivninisinuns
Tudnwauzeng 9 wiluusnamdungudunislanfulussuundt (5@ 1, awi 2, 3)

AUUANIINIYAINLAZNIATVDIAY

Aulunmsrndufumilends LLazﬁm'ﬁLLf\]ﬂnszmmaqmjuaymmmwmsuazmwLLﬂﬂ,u
VRAAUBANANY (NN 4) LLazﬂ&jum\gmﬂﬁumﬁm%aﬁa@ﬂuﬂ%mmqaLﬁuﬁ%%’aﬁﬁmumzwﬁu
walusunsiiuin wazwaniuasulooausng 9 MmagvesiuaueauaNysalvesdiu (Buol et al,

a a 1 1 £ = [~3 1 1 a o a Q‘ LY a i3 o.';
2003) Aulianuvuiwiusindeutvadgadudiulng tasdduuseanslunsveneidadunilas
131 0.09 wansbiiuitfuniivslunguaunindiluesdisenovaggunaiil luiesiivoad
(Vertisols) (Soil Sruvey Staff, 2010)

wa I~ a & ~ | & a ddo ¢y ¢ 1 o =
FUUANIWAUVDIAULKAAU (BTN 2) LLam’J’lL‘Uumﬂ/mﬂﬂ‘EJ@WUﬂUWquNamyimﬂauﬂJ’NQQm

(% '
Y I

a a1 A L 1 Id 1 ! aa a o LY o =2 = [ ! aa
N IG]EJWLJ&I?‘T]‘WL@”U@glueﬁ’NL‘UUG’IN@E)u ZLIE]‘LW]?EJ’N]QIUi%@UGNLLG]G]']OQQQ LASHANWEUSLAUNINEANN
U = = A p 4

ffe finuuanildeunanlossuasdsgannidudnlng fdnsiesavanududuuasglunoe

o

1A
=
8

€N W, eW

N wazganinSevar 35 Feaunsanazdnnisaulelareutieing uaziinisaaydedes vl

a

! d' = o [ 1 ] Aa o« 1 1 & & 3 1
FNTNNYULRSVINBDU Gﬁﬂaﬂﬁmgﬂﬂﬂﬁ?’JULﬂUNﬁﬁ]’]ﬂﬂWi‘WﬂumLLiIUﬂQNﬁLNﬂIVIG]LUU@QWU?%?’I@U@QQQ
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a13eh 2 deyaasuluidadifvesandfzanieninuazialvesfunfiuslunguaiuninddu

GNGIERRLITRIGN
Soil property (n=98) Mean Median Min Max Stdev.
Physical properties
Sand (g kg™) 150 108 18 502 134
Silt (g kg™") 231 219 29 495 96
Clay (gkg™) 618 618 215 910 155
Bulk density (Mg m™) 1.75 1.78 1.37 2.01 0.14
COLE 0.23 0.24 0.03 0.38 0.06
Chemical properties
pH (1:1 H,0) 7.65 7.90 5.00 8.70 0.85
EC-saturated (dS m™) 0.58 0.41 0.07 2.29 0.46
Organic matter (g kg™) 11.40 8.75 1.71 51.50 9.12
Total Nitrogen (g kg™) 0.45 0.33 0.01 1.98 0.40
Cation exchange capacity (cmol kg™) 48.70 44.10 17.90 96.80 17.50
Available P (mg kg™) 6.55 1.92 0.01 198 21.20
Available K (mg kg™) 45.90 38.90 14.70 130 26.90
Exchangeable Ca (cmol kg™) 45.80 42.30 14.50 132 19.60
Exchangeable Mg (cmol kg™) 6.58 4.57 0.03 24.90 6.34
Exchangeable Na (cmol kg™) 1.59 0.87 0.11 10.80 1.98
Exchangeable K (cmol kg™) 0.11 0.09 0.03 0.33 0.07
Base saturation (%) 76.70 76.60 37.50 98.30 9.59
Extractable acidity (cmol kg™) 15.48 16.23 1.01 42.19 6.31
Calcium carbonate equivalent (%) 8.30 2.61 0.06 56.60 13.50

HIaNANTUIAINNTITHANNTEAN8VALTRNILATVRs Aroadinaillunindnau aziviulaa
wa | ] < 6 v a d' a = U

audfeng 9 1wy Anululsylerdveseanesanazlnunal@on (nwi 5) TuAuuuaslufsszau
Uszaal 60 [URLATIINRIAY TAMUMLSANADNITHAANY Tuum 0-60 wuRUATY [WuaueIsn
fvaulnglaeiill wenanil nswannszaeauaNantuntdafuy Aruwandsunanlaosu
(CEQ) waziuasiul (sum bases) ludiumanil Failindnsendeudngg uaviuuildureudiensi (nm
7 6) FanIdednSnavasUsuufute) hazauuRveIRuUMteIAIg TInUI1 CEC hay sum bases
Fanudunusnuludauin wazlianudunusludnwueaatgedanuiu ANudunusyes CEC  Aufu
witle wandliiiudn Aunduslungueuniafumdendunslunguaunindlud3unngs asaunse
wanwasunanlooauldldusgad uenanawnlndual wsauwtsiasntussaunlnduazialodlug
I3 = wa oy v v o fw o A v = o Jv
Aagdlauddnlrmnuduiusiu CEC Tudnwurinaieaaanuinie

NMIUANNTZIVDIBATIToEAzALBNAILUE (PBS) waztuadiuaniUduuld (exchangeable
bases) A9 WARLYEL WUNTLTEN 1ULAEN WALIWLNADEUVDIAUAILAIMNEN (AINT 7) haaslALiAuan
AuilinsAnwidanudumiuarsutgedisgeunn wasdiuiliunisuannszaeinsutalinauely
wihdnau Fedunaludauinsenisndaiiy natamgluiunisdanisdendunealossy uanaini

lﬂl lﬂl = 1 1! a a

nsuwannseaevesvanuaniudsulalasmwizluwnsiniia (0-60 @) d@ulngldinansnuludeay
sonsuanity wazludiadnvewmihdaiu Fanudt ledeuuasuunilidey dnsiudursudigdduuis
nidnau wandliiuddninaninuwlsusiuvesingauniin Wesinfumaiddinauinisligs
1N wenantiuas Weasnaunvihnsfnyiauianingauiiiianianuieitesiuiuyy wazing
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—=8—Bml —0— Bm2 —e— Ck

—A&—Lbl —A—Lb2 —0—Wa

AN 5 AnuUsUsvvealeanasamidulsylowd (Avail. P) wazlwina@euiidudselowsd (Avail.
K) vesfuiineukasAufiy niuslunguawnindiduesiusznovsgas

yrazarglntdnauaoudien Jeililuuisiueiadenisinlu wasuweaeunisvsiunauyad
Aoutegald InsannzluuTinaungy (nmi 8) ualdiinaludauluniswdaialussuudgniings

ANWULLTILIINYIVDIAU

NI BTN veaRu uansliiuaudenadestuantAvisnien LAz LATvesRud
yhnsAnwAeudags nsfumdrifuiesdusznaundnlundueynirvuiadumionduuslundua
wnlnd uaruimumieaeatuamninialodlud daulundueuninumianseutduiaondiiu
psAUsznoUNdn (M5197 3) uiaziiusAumieviaduluegtneie usialedlud neosiiallas
wazdalad lunqueaunavuinfunilyd wazliusinanalis waaled lun uwasuwewilua aglungy
oumavnanseud uiiinadesyuuiutosnn WewSsuifisuiuuinamsuslunguamnlg
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Lowland

CEC (NH,OAc) (cmol kg™)
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witled ludunfiuslunguawninddussiussnavegas
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Lowland Upland
PBS (%) PBS (%)
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Lowland Upland
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AT 7 WlUNNSHINNSEANYANNANUANVBIIRNSIS08ALAUDUGLUE (PBS) waziuafikanlasu
Ielunihdindu vesdunduslunguawnindlussdusznavagas
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Lowland Upland
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Ai 8 wwilduaunususinvesAnstlnd (ECe) uazunaidunisuaiunauyad (CCE) ludui
fuslunquanlnddussiusenavegas

NU8YNTUITUAY

NToyanuFNgIUING audAn1anigarniaziail Snuuzigs vesaulsEnauiy
annndeniiediugiionnia Ae gaumgll wazannauduludy asnsaivuamheayn sy
YosRunvinsinuladuantlunised ¢ dwsuiuluusnangualngilu nesiivead (Vertisols)
(Soil Survey Staff, 2010) nHan e uunelutgaNAamIEUgnantifiafu (Endoaquerts) &

=~ a a a A Ada a = 3 . ~N O a
WgeynAuanyIUSHIMI 1 (Lb1) NNavEnavewAaigaun1suaiunas (Calciaquerts) Iagiituusine
Y9AUTUNT smectitic uaz mixed TnatunsInefiilu mixed Wy Jusndnlungueyniafumiedn
Juushivnlleagentuamnind-ialedlud sauiuusdu 9
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M131991 3 esAUsEnaudTlungueayntavuInfumileuaznstguds vesiuniuslungu
awnivdduesiuszneveas

Soil Horizon Depth Clay fraction* Silt fraction*
series cm Sm Kao Inters Vm Tl Otz Cal Otz Fel Cal M ___Am
Lowland Vertisols
Bml  Apke 0-20 XXXX tr - - - tr - XXXX - - - -
Bkg2 40-55/63 XXXX tr - - - tr - XXXX - - - -
Bsske2  84-106 XXXX tr - - - tr - XXXX - - - -
BCkgl 106-123 XXXX X - - - tr - XXXX - - - -
Bm2 Anpg 0-18 - tr XXXX - - tr - XXXX - - - -
Bssg2 35-55 - tr XXXX - - tr - XXXX - - - -
Bssg4 74-98 - tr XXXX - - tr - XXXX - - - -
Bssg6 130-160+ - tr XXXX - - tr - XXXX - - - -
Ck Apg 0-27 XXX XX - - X tr - XXXX - - - -
Bg 27-50 XX XX - - X X - XXXX - - - -
Bssg2 75-105 XXXX X - - X tr - XXXX - - - -
Bssg4 135-160 XXXX X - - X tr - XXXX X - X -
Bssgb6 180-200+ XXXX X - - X tr - XXXX - - - -
Lbl Apkg 0-12 XXXX tr - - - tr XXXX - X - -
Bkel 12-33 XXXX tr - - - tr tr XXX - XXX - -
Bkg2 33-55 XXXX tr - - - tr X XXX - XXX - -
Bke4 79-97 XXXX tr - - - tr tr XX - XXXX - -
Lb2 Apg 0-20 XXXX tr - - - tr - XXXX - - - -
Bssgl 20-40 XXXX tr - - - tr - XXXX - - - -
Bssg3 65-90 XXXX tr - - - tr - XXXX - - - -
Bssg5 120-150 XXXX tr - - - tr - XXXX - - - -
Bssg7 175-200+ XXXX tr - - - tr - XXXX - - - -
Wa Apg 0-12/20 - tr XXXX - - tr - XXXX - - - -
Be 20-40 - tr XXXX - - tr - XXXX - - - -
Bssg2 59-80 - tr XXXX - - tr - XXXX - - - -
Bssg4 105-124 - tr XXXX - - tr - XXXX - - - -
Bsskg 170-190+ - tr XXXX - - tr - XXXX - - - -
Upland Vertisols
Br Ap 0-20 XXXX tr - - - tr - XXXX X - - -
BA 20-40 XXXX tr - - - tr - XXXX X - - -
Bss2 60-90 XXXX tr - - - tr - XXXX tr - - -
Bk2 110-140 XXXX tr - - - tr - XXX XX X - -
Cd1 Apk 0-20 XXXX tr - - - - XXXX tr - - -
ABk 20-47 XXXX tr - - - tr - XXXX tr - - -
Bss2 80-110 XXXX tr - - - tr - XXXX - X - -
Bkl 110-130/140 xxxx tr - - - tr - XXX tr XX - -
Bk2 140-160+ XXXX tr - - - tr - X - XXXX - -
Cd2 Ap 0-15 XXXX X - tr - tr - XXXX XX - - -
Bt 15-30/40 XXXX X - X - tr - XXXX XX - - -
Btc 40-40/70 XXXX X - X - tr - XXXX X - - -
Crtl 70-100 XXXX X - tr - tr - XX XXX - - -
Lb3 Apk 0-25 XXXX tr - - - tr - XXXX X - tr tr
Bkl 25-45 XXXX tr - - - tr - XXXX XX - trtr
Bssk2 70-93 XXXX tr - - - tr - XXXX X tr - tr
Bssk4 115-140 XXXX tr - - - tr - XXXX X tr - tr
Bk3 170-200+ XXXX tr - - tr tr - XXX X XX - tr
Satl Apk 0-20 XXXX tr - X - tr - XXXX X - - -
Btl 20-45 XXXX X - tr - tr - XXXX X - - -
Bt3 70-90 XXXX X - tr - tr - XXXX X - - -
Crt 115-140+ XXXX X - tr - tr - XX XX - tr -
Sat2 Apk 0-18/20 XXXX XX - tr - tr - XXXX tr - - -
Btk2 40-60 XXXX X - tr - tr - XXXX tr - - -
Btk4 80-110 XXXX X - tr - tr - XXX - X - -
Crtk1 110-135 XXXX X - tr - tr - - - - - -
Wel Ap 0-20 XXXX X - - - tr - XXXX X - - -
Bt 20-45 XXXX X - - - tr - XXXX X - - -
Btcl 45-75 XXXX X - - - tr - XXXX X - - -
2Btk1 105-135 XXXX X - - - tr - XXXX X - - -
We2 Ap 0-25 XXXX X - - - tr - XXXX X - - -
Btl 25-48 XXXX X - - - tr - XXXX tr - - -
2Btk2 100-130 XXXX X - - - tr - XXXX tr - - -
2Crtk 150-182+ XXXX tr - - - tr - XXX X X - -

xxxx = dominant (> 60%), xxx = large (40-60%), xx = moderate (20-40%), x = small (5-20%), tr = trace (<5%),
- = non-detectable, Sm = smectite, Kao = kaolinite, Inters = interstratified kaolinite-smectite, Vm = vermiculite,
Il = illite, Qtz = quartz, Cal = calcite, Fel = feldspar, M= mica, Am= amphibole (hornblende)
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M1519% 4 MweuNIIIsWYBIAUNYINNSANY (Soil Survey Staff, 2010)

Soil series

Classification

Lowland Vertisols

Ban Mi 1 (Bml)
Ban Mi 2 (Bm2)

Chong Khae (Ck)
Lop Buri 1 (Lbl)

Ustic Endoaquert, fine, smectitic, isohyperthermic
Ustic Endoaquert, fine, mixed, isohyperthermic

Ustic Endoaquert, very fine, smectitic, isohyperthermic
Aric Calciaquert, fine, smectitic, isohyperthemic

Lop Buri 2 (Lb2) Ustic Endoaquert, very fine, smectitic, isohyperthermic

Wattana (Wa) Ustic Endoaquert, fine, mixed, isohyperthermic
Upland Vertisols

Buri Ram (Br) Typic Haplustert, very fine, smectitic, isohyperthermic
Chai Badan 1 (Cd1) Calcic Haplustert, very fine, smectitic, isohyperthemic
Chai Badan 2 (Cd2) Typic Haplustert, fine, smectitic, isohyperthermic

Lop Buri 3 (Lb3)

Samo Thod 1 (Satl)
Samo Thod 2 (Sat2)
Wang Chomphu 1 (Wcl)
Wang Chomphu 2 (Wc2)

Typic Haplustert, very fine, smectitic, isohyperthermic
Chromic Haplustert, fine, smectitic, isohyperthermic
Chromic Haplustert, very fine, smectitic, isohyperthermic
Chromic Haplustert, fine, smectitic, isohyperthermic
Typic Haplustert, fine, smectitic, isohyperthermic

dmfviuiinouduunlidunesfveadiduiioatu uazeglunguiulngfeadufe
Haplusterts \ufufifdurnidatesogluanimauduiiitaaudun uenanluggmamizlgn way
Tuushuagiidviwavesuaailsumivoiungs (Caldo)  Auluduiidlioenad (chromic)  Aulu
Snwaesanaai awﬁ{]fgmmmmmm%ﬂﬁdw warfinihAuuanidusosszuns fenadudunse
sosnfinld uazyniufleglutinadeouitunsinendu smectitic iavun

[ A ' [ o & a sal 1 = A o = < A @ a v

anwarAuTINiuYeILIeTiveadiquuasineu Mvin1sAnwinfe 1WuAungldann
Qo nALUUaneLunTeu (tropical — savanna)  fienanesudenvilavesiivugnlviizau us
Tagvalduainislanavludssmalng aslinnuvangauegudd Inslunquldndanialussuuundn

i v ] i I ! (Y v = v Y < ! a
warlunneuldUgnitylsiisiongduidudilngy dunmsdgndes deasnsadanisimiuetied

Yinvasaunnd luasivead

HAIINNSANITUAZLEEA Wadwunvlinvewsiunguawning lngldfngrsiuainuiatusu
a ada a =~ [ a % a & o o ¢
vosRuniingueunrvwnaumienlulsinugs ngldnaliansideiuuressdiond (XRD) wagnis
a = = i i i s a e |
NAADUANNITVDINTU-ARE (Greene-Kelly test) wudwslunquauninaninulufumaniduus
luwalad (beidellite) MTUTERINUHWNNTEENTA (tetrahedral  charge) (AN 9) A191NNTS
Ansrvsiludiudg 9 vesaunindlunesigeadvesssinelngfiinisfine aunsaadneans
Tassasvausaananily Awandluansed 5 Tuealadinuduawnlnanfimvindussdusznaug
= . A a 1 a v = & S Y [ &
wazdUszaas (high charge) MLAAINUKNULYINTZTATE Fadunmsnunaziudulursusnlulsewnealne
usdniinazidlaindussusuduesalalud
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1.97 nm

1.88nm (a) (b)

0.72nm

Li-300-gly

25 4.5 6.5 85 10.5 12,5 145 25 4.5 6.5 85 10.5 12,5 145
Degrees 20 CuKa Degrees 20 CuKa

AMd 9 LLUUiUﬂ’]iLaEJ?LUU’NﬁLEJﬂGZI WS basal spacmg YeusAuwieIn Ty Apkg UBIYARU
anys Ui 1a) Pnnsdusamsuunfideuuazniiwesea (b) 990 Geene-Kelly test 3
Msvenefvdinnsusadendwesealuidy 1.97 wiluwas wansindulunalad

K
faa

A1519% 5 gnslassaiivesawnindndudimenna@eu lunesiiveadminnisAinw Wisuieuiu
AdifnsEnuluuasema lunesfivoaduazuoadvoad (amﬂmaasﬁwaammlmw
ynsAnelanansnsamilaras unit cell)

Sample Interlayer Tetrahedral Octahedral Charge
Ca+2 Na+ K+ Si+4 A1+3 A1+3 Fe+3 Mg+2 Mn+2
Lbl-Apkg 025 0.03 0.01 339 0.61 141  0.51 0.15 0.005 -0.53
Bm-Apkg 022 0.02 0.02 334 0.66 1.51 048 0.11 0.003 -0.48
Bm-Bsskg2 0.23 0.03 0.01 3.35 0.65 1.52 0.46 0.10 0.002 -0.49
Lb2-Apg 0.22 0.02 0.01 3.27 0.73 1.50 0.50 0.12 0.003 -0.48
Lb2-Bssg3 022 0.03 0.00 331  0.69 1.51  0.49 0.11 0.002 -0.47
Br-Ap 021 0.02 0.01 346 0.54 142 0.5l1 0.15 0.003 -0.46
Br-Bss2 022 0.02 0.01 352 048 1.39  0.50 0.16 0.003 -0.47
Cd1-Apk 023 0.13 0.01 3.60 0.40 127 048 0.26 0.005 -0.60
Cd1-Bss2 028 0.11 0.01 359 041 126 048 0.24 0.005 -0.69
Average 023 0.05 0.01 343  0.57 142 049 0.15 0.003 -0.52

Representative formula [C%.23N30‘05K0'01][si3.43A10'57] [All.42Feol49Mg0.15]010(0H)2 (1/2 unit Cell)a

Examples

India” M+o.43[Si3A74A10.26][A11.24F €0.42Mg0.46]010(OH), Vertisol
Morocco® [Nag 54Ko.07][Si3 59Alo 41][Al1 28F€0 35ME0.42]010(OH), Vertisol

[Nag 50Ko.04][Si3 56Al0.44][Als 23F €9 40M80.46]010(OH)2 Mollisol
Turkey" M .56 Siz 55Al0.45][Al 21Feq.54Mgo 33]010(OH), Vertisol
Italy*® [Cay.15Nag 01Ko.15][Si3 6aAlo 36][Aly a1F €9 30Mgo 24Mn 01]O19(OH),  Vertisol
Australia’ [Cay.15Nag 01Ko.03][Si3 57Al0 13][Aly asFeg 40Mgo 1M1 01]O019(OH),  Vertisol

? Data obtained in this study ° Mathy and Murthy (1994) ° Badraoui and Bloom (1990)
4 Ozkan and Ross (1979) ¢ Righi ez al. (1995) fSingh and Heffernan (2002)
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answavadlualadsalnunadenluesiveadnlduand

a

nsfnwildiregiuanyaAut unll 2 Uil (Bm1, Bm2) Yafudatua (Ck) YnaRuanys

a

(Lb1) wazgaAuimu (Wa) Inen1sinsiziuwendiusng o vaalnuvadeslufuesnilulnunadey
wanUasuld Jnszilagld 1M NH4OAc (NH4OAc-exchangeable K), Non-exchangeable K, HNOs-
extractable K wazUSunamoslnunadousinlufiu S9uaainnsd@neinudn Awes  NH.OAC-
exchangeable K agluy3d 19 fis 130 mg kg fAadewiiu 43 me kg dmiuanugauanysal
yesiuliigtosiulnumadosmuinfuuwwes Bm1 falnunadosiiduusglon available K) g
fign WewSeuiivudvaudu q Mvihnsinw lnelidwuangsaefwingaie Bmi>CkoWasLbl> Bm2
(il 10)

=% No A

dunsulnunadeufivanUaeululy Feidndnzdulszlevdsofals danuduiuslugmain
fulnunadeunuanideuls nuilaasanluyafudewna (Ck) kagdgalugnauanys (Lbl) vidly

9

a v

AuvuuazAuans (nd 11) dwsulnwnadeniadalilaonsalunin Sauduiudesnditedfayds
fulnuwnadeuiinandeuldls fanuduiudesnefitoddyifu  NH;OAc-exchangeable K uasz
Tnunadousalufumeani waznuinunadesluguinanivaeulaild finwduiusednadidodify
Setumslnunadondiatold Tnonsalunin waslnwnadousluiu (13197 6) Fawansin lumalad
fnasionsnialnunadenluduld wazwuidunisiagliunumiiAeadestuaanduusslevives
Tnunadenlufumdnd nasinnisvaasstlfifuitluiuunidlomaladge asdosiinisldle
TnunaiBeusiududundeing WeviliAnauaugaszninagusing 9 veslnunadeslufiu

NH4-OAc-extractable K (CH3COONH;4-K)

140 ~
120 ~

100 ~
30 - H Topsoil

60 - O Subsoil

mg kg

40 ~
20

Bml Bm2 Ck Lb Wa
Soil series

AW# 10 ALRAENaTe (mean) 989 NH,OAc-exchangeable K Tufiuuu (topsoil) hagiuans
(subsoil) veaIesiiweadiigu (Endoaquerts) YaAUTUUMA 2 USLIad (Bm1, Bm2) Yndu
Fosun (Ck) yaRuanys (Lb) uazynuiam (Wa)
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Non-exchangeable K

800 -
700 -
600 -

H&o 500 - B Topsoil

an 400 O Subsoil
g 300 -
200 -
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Abstract

The study on potassium chemistry of paddy soils developed under tropical savanna climate
were to determine different forms of potassium and to ascertain the influence of soil physical and
chemical properties on their chemistry. Different forms of potassium were determined for 13
paddy soils. These were five Vertisols including Ban Mil (Bml), Ban Mi2 (Bm2), Chong Khae
(Ck), Lop Buri (Lb) and Wattana(Wa) series; three Alfisols including Ubon (Ub), Tha Tum (Tt)
and Doem Bang(Db) series; four Ultisols including Roi Et (Re), Phen (Pn), Renu (Rn) and Nakhon
Phanom (Nn) series and one Inceptisol including Samut Prakan (Sm) series. These paddy soils are
acid to slightly alkaline and all soils have various textures from clayey to sandy. They developed
on local alluvium derived from limestone, wash and local alluvium from weathered sedimentary
rocks, alluvium over marine deposits, mixed marine and local alluvium from metasedimentary
rocks and recent alluvium on residuum from fine grained clastic sedimentary rocks.The available
K (soluble K + exchangeable K) was very low in Re, Pn, Rn (Ultisols), low in Ub, Tt, Db
(Alfisols), Nn (Ultisol) and Sm (Inceptisol), high in Wa and Ck (Vertisols) and very high in Bm1
(Vertisol). Based on profile average, there was a high content of non-exchangeable K of 671.63
mg kg-1 and 545.70 mg kg-1 in Ck (Vertisol) and Sm (Inceptisol) respectively. The lowest content
of non-exchangeable K was found in Db (Alfisol) (11.76 mg kg-1). The highest reserved K was
found in subsoil of Sm compared with that in other soil profiles.The highest total K with a profile
average of 21729 mg kg-1 was found in the soil derived from alluvium over marine deposits Sm,
while the lowest averages of 172 mg kg-1 and 176 mg kg-1 were found in the soils derived from
local alluvium partially derived from limestone, Wa and Bm2 respectively.The content of
available K was observed from high to low in the order of Vertisols > Inceptisol > Alfisols >
Ultisols. However, the total K content in the soils was in the following order: Inceptisol > Ultisols
> Alfisols > Vertisols. The clay content, organic matter and cation exchange capacity positively
and significantly correlated with the soluble K plus exchangeable K in these soils, more than any
other soil properties. Non-exchangeable K was significantly correlated with soluble K plus
exchangeable K (r=0.502***), reserved K (r=0.635***) and total K (r=0.654**%*) indicating that
different forms of potassium along with organic matter maintenance should be carefully
considered for management of potassium fertility in rice production.

Keywords: exchangeable K, non-exchangeable K, HNOj;-extractable K, Inceptisol, Vertisols,
Alfisols, Ultisols
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Introduction

The combination of the climatic and
physiographic conditions has made Thailand one of
the most important rice-growing countries in the
world. Thailand has a total land area of about 51.4
million hectares of which 25 percent is lowlands
where rice, the staple food crop, has been
dominantly grown (Changprai, 1987). The total
area for rice cultivation is estimated to be
approximately 10 million hectares of which 9
million hectares are in lowlands (Prakongkep et al.,
2007).

Rice (Oryza sativa L.) is the stable in the diet of
about one-half of the world’s population who live
mostly in developing countries, and is arguably the
most important crop worldwide (Fageria et al.,
2003). To provide enough food for the still growing
population in Asia, large quantities of fertilizers
mainly nitrogen (N) and phosphorous (P) have been
used but potassium (K) has not been paid much
attention in rice production (Dobermann et al.,
1998). Intensification of crop production in
combination with unbalanced fertilization (without
or low rate of potassium fertilization) has already
resulted in depletion of potassium (K) in soils over
large areas in India (Singh et al., 2002), Indonesia
(Wihardjaka et al., 1999) and other countries in
Southeast Asia (Ladha et al., 2003).

Rice is grown under a wider variety of climate,
soil and hydrological conditions than any other
crop, therefore a paddy soil can be any type of soils
(Kyuma, 2004) except Gelisols. Inceptisols
encompass soils under two major situations: (1)
soils that are developing on geologically young
sediments or landscapes; and (2) soils developing in
areas where environmental conditions inhibit soil-
forming processes (Foss et al., 1983). Vertisols are
soils with high clay content that expand and
contract markedly with changes in moisture
content. These soils exhibit minimal horizon
differentiation as a result of pedoturbation (Ahmad,
1983). They are also very plastic and sticky when
wet. Clay content in Vertisols may be as high as
80%, or as low as 30%. Vertisols exhibit open
cracks at a depth of up to 50 cm that are at least 1
cm wide and extend upward to the surface or the
base of the plough layer or surface crust (Soil
Survey Staff, 2010). Alfisols are defined as those
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soils having argillic horizons of base saturation
greater than 35 percent (Soil Survey Staff, 2010).
The distinctive morphology of Alfisols is
characterized by prominent horizons of eluviation
and illuviation. In the horizon of illuviation the
principal accumulation products are the silicate
clays but there are also a variety of weathered
minerals forms chiefly of iron and Aluminum
(Rust, 1983). Ultisols are highly developed soils
with a pronounced argillic horizon since extensive
illuviation has taken place (Soil Survey Staff,
2010). The combination specific to Ultisols is the
presence of an argillic horizon, a low base status in
the lower part of the solum, and a mean annual soil
temperature (MAST) of more than 8° C (47° F)
(Miller, 1983).

Potassium (K) is an essential nutrient element
for plant growth, with its importance in agriculture
well accepted. According to Martin and Sparks
(1985), K forms in soils can be divided into
immediately available, readily available, slowly
available, and relatively unavailable, which are also
termed as water-soluble, exchangeable, non-
exchangeable, and mineral K, respectively. In the
present study, soluble K plus exchangeable K
(NH4OAc-exchangeable K), non-exchangeable K,
reserved K and total K are considered. Total
potassium reserves in soils are generally large,
although the distribution of K forms differs from
soil to soil as a function of the dominant soil
(Mclean and Watson, 1985).The
distribution of K forms in the soil and the
equilibrium among them determine the K status of
the soil and potential of K supply to plants (Pavlov,
2007). A major portion of K in both surface soil
and subsoil is transported to the roots from the soil
solution through diffusion and mass flow (Barber,
1985). However, the amount of soil solution K is
too low to meet the K requirements of a crop over
the course of a growing season. The replenishment
of a K-depleted soil solution is predominantly
affected by the release of exchangeable K from clay
minerals and organic matter (Sparks and Huang,
1985). There are physical, chemical, biological, and
climatic factors affecting K forms and equilibrium
of K in soil which could be related to clay
mineralogy (Sharpley, 1989), pH (Uribe and Cox,
1988), and concentration of other ions (Zawartka et
al., 1999) of the soil.

minerals
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A number of Thai researchers had investigated
the potassium of soils in Thailand, as potassium
forms and availability (Darunsontaya et al., 2012),
potassium dynamic (Suwanarit, 1995), potassium
fixation (Chittamart et al., 2010), and the kinetics of
potassium release (Nilawonk et al., 2008).
However, comparative potassium chemistry in
paddy soils of different development status under
tropical savanna climate is still not clearly defined.
The objectives of this study, therefore, were to
determine the concentrations of the different forms
of soil K in lowland paddy soils of different soil
development status and to ascertain the forms of K
that affected by influence of other soil properties
under tropical savanna climate in Thailand.

Materials and Methods

The study was carried out on thirteen soil
profiles of paddy soils consisting of five soil series
from the Central Plain of Thailand namely Ban
Mil (Bml), Ban Mi2 (Bm2), Chong Khae (Ck),
Lop Buri (Lb), Doem Bang (Db) and Samut Prakan
(Sm); one soil series, Watanna (Wa) from the
North and Central Highland, six soil series from
Ubon (Ub), Tha Tum (Tt), Roi Et (Re), Phen (Pn),
Renu (Rn) and Nakhon Phanom (Nn) from
Northeast Thailand under tropical savanna climate
(Figure 1).

Pedon analysis was carried out at each site
including detailed profile description and sampling
of soil by standard field study methods
(Kheoruenromne, 2009). Soil samples were air-
dried and crushed to pass through a 2mm sieve.
The particle size distribution was determined by
pipette analysis (Gee and Bauder, 1986). Soil pH
was determined for a saturation paste, 1:1 soil:
water mixture and 1:1 soil: KCI mixture with a pH-
meter (National Soil Survey Center, 1996). Organic
carbon was determined according to Walkley and
Black wet oxidation procedure (Nelson and
Sommers, 1996). Cation exchange capacity was
measured by saturating the exchange sites and
displacing it with 1M NH4OAc at pH 7.0 (National
Soil Survey Center, 1996). Soluble K plus
exchangeable K (NH4OAc-exchangeable K) was
determined by extraction in 1.0 M NH4OAc at pH
7.0 (Thomas, 1982). HNOs-extractable K (HNOs-
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Figure 1 Sampling sites for the study of paddy soils.

K) was determined by boiling 2 g of soil in 20 mL
1 M HNO; at 113°C for 25 min, followed by
washing with 0.1 M HNO; and making the final
volume to 100 mL with deionized water (Pratt,
1965). Then potassium was measured by using
atomic absorption spectrophotometer (Knudsen and
Peterson, 1982). The HNO;-K includes NH,OAc-K
(water soluble K plus exchangeable K) and non-
exchangeable K. A measure of potentially available
K in soil defined as non-exchangeable K was
determined as the difference between HNO;-K and
NH4OAc-K (Pal et al, 2001). Total K were
determined by XRF on pelleted samples using a
Philips PW 1480 XRF spectrometer (Jones, 1987).

Results and Discussion

Environment, Physicochemical and
Mineralogical Properties and Classification
of Soils
Environmental setting and use of paddy soils in
Thailand are given in Table 1. These soils are on



184 K. Ngwe et al.

flat to undulating (1 to 2% slope) sites and most of
them developed at low positions in the local
landscape with elevations ranging from 5 to 102 m
MSL. Local alluvium derived from limestone is the
most common parent material of Bm1, Bm2, Ck,
Lb and Wa (Vertisols), and wash and local
alluvium derived from weathered sedimentary
rocks is the parent material of Re, Pn, Rn, and Nn
(Ultisols). Alluvium over marine deposits is the
parent material of Sm (Inceptisol). Wash (sandy) is
the parent material of Ub (Alfisol). Mixed marine
and local alluvium derived from metasedimentary
rocks is the parent material of Db (Alfisol) and
recent alluvium on residuum derived from fine
grained clastic sedimentary rocks is the parent
material of Tt (Alfisol). Topsoil refers to Ap
horizon and subsoil refer to the rest of other lower
horizons in this study.
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All soils have developed on lower positions in
the landscape. They are generally very deep and A-
Bt profile development is common (Figures 2 and
3). Statistical summary of physical and chemical
properties is shown in Table 2. Textural classes of
these soils vary from sandy to clayey. Clay content
of these soils ranges from 67 g kg to 878 g kg™
Soil texture includes clay texture (Bml, Bm2, Ck,
Lb, Wa), loam (Tt), sandy clay loam (Pn, Sm),
sandy loam (Rn, Db), silty clay loam (Nn), sandy
loam (Re), and sand (Ub).The pH values of paddy
soils range from 3.9 to 8.4 with a mean value of
6.16 for pH in water and 2 to 7 with mean value of
4.84 for pH in KCI. Most of soils are very strongly
to slightly acidic. However Bm2, Lb, Wa and Tt are
slightly alkaline.

Table 1 Soil series, parent materials and classification of typical paddy soils in Thailand.

Soil series Classification Parent materials Location
Inceptisol
Samut Prakan Aeric Endoaquept Alluvium over marine deposits Muang, Phechaburi
(Sm)
Vertisols
Ban Mi 1 Ustic Endoaquert Wash and Local alluvium derived from Phra Phutthabat,
(Bml) weathered limestone Saraburi Province
Ban Mi 2 Ustic Endoaquert Local alluvial partially derived from Nong Don,
(Bm2) limestone Saraburi Province
Wattana (Wa) Ustic Endoaquert Local alluvial derived from limestone Phra Phutthabat,
Saraburi Province
Chong Khae Ustic Endoaquert Mixed alluvium and Local alluvial derived Soa Hai,
(Ck) from limestone Saraburi Province
Lop Buri (Lb) Ustic Endoaquert Local alluvial derived from limestone Muang, Lop Buri Province
Alfisols
Ubon (Ub) Aeric Haplaqualf Wash (sandy) Mueang,
Maha Sarakham Province
Tha Tum (Tt) Typic Endoaqualf Recent alluvium on residuum derived from Srang Khom,
fine grained clastic sedimentary rocks Udon Thani
Doem Bang Aeric Endoaqualf Mixed marine and Local alluvium derived Doem Bang Nang Buat,
(Db) from metasedimentary rocks Suphan Buri
Ultisols
Roi Et (Re) Aeric Paleaquult Wash and local alluvium derived from Mueang,
weathered sedimentary rocks Roi Et Province
Phen (Pn) Kandic Plithaquult ~ Wash over residuum derived from fine Phen,
grained clastic sedimentary rocks Udon Thani
Renu (Rn) Typic Plinthaquult Wash over residuum derived from fine Renu,
grained weathered clastic sedimentary rocks ~ Nakhon Phanom Province
Nakhon Typic Endoaquult Wash over residuum derived from fine Maung,
Phanom (Nn) grained clastic sedimentary rocks Nakhon Phanom Province
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Figure 2 Representative paddy soil profiles of Vertisols (Bm1, Bm2, Ck, Lb, Wa) and Inceptisol (Sm) in this study.

Organic matter (OM) content is very low to The OM content in most of topsoils are high and
high in most topsoil horizons ranging from 0.20 g decreasing with depth.
kg to 48.2 g kg with a mean value of 6.03 g kg™
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Subsoil
Subsoil
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Figure 3 Representative paddy soil profiles of Alfisols (Ub, Tt, Db) and Ultisols (Re, Pn, Rn, Nn) in this study

These paddy soils of different soil developing Khae (Ck), Lop Buri (Lb) and Watanna (Wa)) series;
status included five Vertisols (Ustic Endoaquert) three Alfisols namely Ubon (Ub) (Aeric Haplaqualf),
namely: Ban Mil (Bml), Ban Mi2 (Bm2), Chong Tha Tum (Tt) (Typic Endoaqualf), Doem Bang (Db)
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Table 2 Statistical summary of some physicochemical properties of paddy soils.

Soil property (n = 103) Mean Median Min Max Stdev

Physical properties
Sand (gkg™) 342 427 18 881 262
Silt (g kg™) 228 274 32 450 107
Clay (gkg™) 427 300 67 878 226
Bulk density (Mg m™) 1.81 1.86 1.38 2.01 0.14

Chemical properties
pH (1:1 H,O) 6.2 7.1 39 8.4 1.4
pH (1:1 KCl) 4.9 6.6 2.0 7 1.4
Organic matter (g kg™) 6.03 13.19 0.20 48.2 7.36
Total nitrogen (g kg™) 0.50 0.84 0.04 1.98 0.41
Cation exchangeable capacity (cmol kg™')  22.91 18.76 0.45 80.41 23.96
Available P (mg kg™) 3.90 5.38 0.01 198.05 19.63
Exchangeable Ca (cmol kg™) 18.28 19.22 0.19 67.01 23.32
Exchangeable Mg (cmol kg™) 1.64 1.88 0.01 6.47 1.93
Exchangeable Na (cmol kg™) 1.29 0.35 0.02 10.82 1.98
Base saturation (%) 58.54 72.66 7.22 89.12 20.45
Extractable Acidity (cmol kg™) 9.02 8.45 0.49 26.95 9.06

(Aeric Endoaqualf); four Ultisols namely Roi Et
(Re) (Aeric Pleaquult), Phen (Pn) (Kandic
Plithaquult), Renu (Rn) (Typic Plithaquult), Nakhon
Phanom (Nn) (Typic Endoaquult) and one
Inceptisol namely Samut Prakan (Sm) (Aeric
Endoaquept) (Soil Survey Staff, 2010).

Clay minerals in these soils consist of smectite,
kaolinite and interstratified kaolinite-smectite in
different soil orders (Table 3). Smectite is dominant
in Bml, Ck and Lb. Kaolinite is dominant in Ub,
Db, Re and Rn. An interstratified kaolinite-smectite
occurs in Wa and Bm2 soils. A small amount (5-
20%) of illite presents in Ck and Ub profiles.
Moderate amount of kaolinite (20-40%) and small
amount of illite (<20%) occurs in Tt profile. In Pn
and Nn profiles, there is a moderate amount (20-
40%) of kaolinite and illite. However, Sm consists
of 20-40% kaolinite, <20% smectite and illite. A
large amount (40-60%) of smectite and kaolinite
exists in Re. A trace amount of quartz is present in
almost all clay samples except in Ub and Re soils.

Potassium Status of Paddy Soils under Tropical
Savanna Climate in Thailand

The different forms of K, namely soluble K,
exchangeable K, non-exchangeable K, reserved K

and total K, estimated in the horizons of profile
samples of these soils are present in Table 4.

NH, OAc-Exchangeablek (Soluble K Plus
Exchangeable K)

Soluble K plus exchangeable K represents readily
available K (Sparks, 2000). Soluble K plus
exchangeable K shows an overall range of 1.87-
130.53 mg kg™, with average value of 31.83 mg kg™
Soluble K plus exchangeable K is held by negative
charges of organic matter and clay particles and
readily available to plant (Sharpley and Boul, 1987).
This investigation found that Ub, Tt, Re, Pn and Rn
have very low content of soluble K plus
exchangeable K whereas Bm1, Bm2, Lb, Wa, Db,
Nn and Sm have low content of this available K
(soluble K plus exchangeable K). The Ck soil has
medium content of soluble K plus exchangeable K
(Figure 4).

For K fertility status, topsoil of Re, Pn, Rn
(Ultisols) have very low content of available K
while Bm2 (Vertisol), Ub, Tt, Db (Alfisols), Nn
(Ultisol) and Sm (Inceptisol) have low content of
available K. However, Wa and Ck (Vertisols) have
high and Bml (Vertisol) has very high content of
available K.
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Table 3 Semi-quantitative mineralogical composition of clay and silt of paddy soils estimated by XRD.

Horizon Depth Clay fraction Silt fraction
(cm) Sm Kao Inters 111 Qtz Qtz Fel M

Ban Mi | (Bm1) Ustic-Endoaquert, fine,smectitic, isohyperthermic
Apkg 0-20 XXXX tr - - tr XXXX - -
Bkg2 40-55/66 XXXX tr - - tr XXXX - -
Bsskg?2 84-106 XXXX tr - - tr XXXX - -
Bcekgl 106-123 XXXX X - - tr XXXX - -
Ban Mi 2 (Bm2) Ustic-Endoaquert, fine, mixed, isohyperthermic
Apg 0-18 - tr XXXX - tr XXXX - -
Bssg2 35-55 - tr XXXX - tr XXXX - -
Bssg4 74-98 - tr XXXX - tr XXXX - -
Bssgb 130-160+ - tr XXXX - tr XXXX - -
Chong Khae (Ck) Ustic-Endoaquert, very fine, smectitic, isohyperthermic
Apg 0-27 XXX XX - X tr XXXX - -
Bg 27-50 XX XX - X tr XXXX - -
Bssg2 75-105 XXXX X - X tr XXXX - -
Bssg4 135-160 XXXX X - X tr XXXX X X
Bssgb 180-200+ XXXX X - X tr XXXX - -
Lop Buri (Lb) Ustic-Endoaquert, very fine, smectitic, isohyperthemic
Apg 0-20 XXXX tr - - tr XXXX - -
Bssgl 20-40 XXXX tr - - tr XXXX - -
Bssg3 65-90 XXXX tr - - tr XXXX - -
Bssg5 120-150 XXXX tr - - tr XXXX - -
Bssg7 175-200+ XXXX tr - - tr XXXX - -
Wattana (Wa) Ustic-Endoaquert, fine, mixed, isohyperthermic
Apg 0-12/20 - tr XXXX - tr XXXX - -
Bg 20-40 - tr XXXX - tr XXXX - -
Bssg2 59-80 - tr XXXX - tr XXXX - -
Bssg4 105-124 - tr XXXX - tr XXXX - -
Bsskg 170-190+ - tr XXXX - tr XXXX - -
Ubon (Ub) Aeric Haplaqualf, sandy, siliceous, subactive, isohyperthermic
Apgl 0-18 X XXXX tr tr - XXXX tr -
Apg2 18-14 X XXXX tr X - XXXX tr -
Bgl 40-68 X XXXX tr X - XXXX tr -
Tha Tum (Tt) Typic Endoaqualf, fine, mixed, subactive, isohyperthemic
Apgl 0-12 tr XX - X tr XXXX tr -
ABg 30-50 tr XX tr X tr XXXX tr -
Btgl 50-72 tr XX tr X tr XXXX tr -
2Btg3 99-124 - XX - XX tr XXXX tr -
2Btg5 148-174 - XX - XXX tr XXXX tr -
Doem Bang (Db) Aeric Endoaqualf, coarse-loamy, mixed, semiactive, isohyperthermic
Apgl 0-10 tr XXXX - - tr XXXX - -
Btgl 32-55 tr XXXX - tr tr XXXX - -
Btg3 80-105 X XXX - tr tr XXXX - -
Bvg 165-180+ X XXX - tr - XXXX - -
Roi Et (Re) Aeric Paleaquult, , coarse-loamy, siliceous, semiactive, isohyperthermic
Apg 0-16/20 XXX XXX - tr - XXXX tr -
Btgl 20-50 XXX XXX - tr - XXXX tr -
Btg2 50-78 XXX XXX - tr - XXXX tr -
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Table 3 Cont.

Horizon Depth Clay fraction Silt fraction
(cm) Sm Kao Inters 111 Qtz Qtz Fel M
Phen (Pn) Kandic Plithaquult, fine, mixed, superactive, isohyperthermic
Apg 0-19 - XX - XX tr XXXX - -
Btgl 19-40 tr XX - XX tr XXXX - -
Btg3 62-78/110 tr XXX - X tr XXXX - -
Bvg2 130-146 tr X - XX tr XXXX - -
2Btg5 159-183 tr X - XX tr XXXX - -
Renu (Rn) Typic Plinthaquult, fine, kaolinitic, isohyperthermic
Apg 0-13 tr X tr tr X XXXX - -
Btg 31-43 tr XXX - tr X XXXX - -
2Bvg3 83-107 - XXXX - X - XXXX tr -
2Bvg5 132-160 tr XXXX - X - XXXX tr -
2BCvg 160-195+ tr XXXX - X - XXXX tr -
Nakhon Phanom (Nn) Typic Endoaquult, fine, illitic, isohyperthermic
Apg 0-20 tr XX - XX tr XXXX tr tr
ABg 20-40 tr XX - XX tr XXXX tr tr
Btg3 85-114 X XX - XX - XXXX tr tr
Btg4 114-138 X XX - XX - XXXX tr tr
Samut Prakan (Sm) Aeric Endoaquept, fine loam, mixed, semiactive, isohyperthermic
Apg 0-15 X XX - X tr XXXX tr -
Bgl 15-38 X XX - XX - XXXX tr -
Bg3 55-82 X XX - X - XXXX tr -

xxxx = dominant (>60%), xxx = large (40-60%), xx = moderate (20-40%), x = small (5 -20%), tr = trace (<5%),- = non-detectable,
Sm=smectite, Kao=kaolinite, Inters = Interstratified kaolinite-smectite, Il = illite, Qtz = quartz, Fel = feldspar, M = mica.

Chittamart et al. (2010) reported that most of "
lowland Vertisols in Thailand have smectite clay
mineral predominantly. Vertisols contained the
highest potential K as compared with that of
Inceptisol, Ultisols and Alfisols because Vertisols
generally contained smectite clay mineral as result
of weathering process of mica that contains high K
(Nursyamsi et al., 2008). Figure 5 shows that ]
topsoils of as Bml, Bm2, Wa, Ck, Lb (Vertisols) Bml BmZ Ck Lb Wa|th Tt Db|Re Pn Rn NofSm

have more soluble K plus exchangeable K content Vertiols Aol Ulisols - heeptil
than do other soils, whereas soluble K plus
exchangeable K value of Bm1 (Vertisol) is greatest
of all soil profiles in this study. 140

120

Slouble K + exchangeable K (mg kg!)

Figure 4 Mean values of soluble K plus exchangeable K
content of the paddy soils.

Non-Exchangeable Potassium

Non-exchangeable K content measured by
soluble K plus exchangeable K subtracted from
HNO;-extractable K. This K form ranges from
5.71-744.32 mg kg™ soil with an average of 179.53
mg kg in these paddy soils under tropical savann
climate in Thailand. The data show that non- BniBnz Ck Lb walts Tt Db |Re Pn B Nolsm
exchangeable K content in the soil profiles Vertisols Alfisols Ultisols Inceptisol
generally decreases with depth, with some
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Figure 5 Mean values of soluble K plus exchangeable K
content of topsoil and subsoil of the paddy soils.
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Table 4 Contents of soluble K plus exchangeable K, non-exchangeable K, reserved K and total K of paddy soils.

Horizon Depth Soluble K plus Non-exchangeable K Reserved K Total K
exchangeable K
(cm) ( mg kg'! )
Ban Mi | (Bm1) Ustic Endoaquert, fine, smectitic, isohyperthermic
Apkg 0-20 130.53 73.79 295.50 500
Bkgl 20-40 27.38 38.43 254.19 320
Bkg2 40-55/63 25.95 35.57 228.48 290
Bsskgl 63-84 24.10 123.15 87.75 230
Bsskg2 84-106 19.67 174.26 6.07 200
Ban Mi 2 (Bm2) Ustic Endoaquert, fine, mixed, superactive, isohyperthermic
Apg 0-18 55.83 220.04 34.13 310
Bssgl 18-35 28.87 6.42 124.71 160
Bssg2 35-55 22.78 18.17 89.05 130
Bssg3 55-74 21.69 24.01 84.28 130
Bssg4 74-98 19.74 31.03 99.23 150
Chong Khae (Ck) Ustic Endoaquert, very fine, smectitic, isohyperthermic
Apg 0-27 93.19 569.58 897.23 1560
Bg 27-50 57.81 644.48 997.71 1700
Bssgl 50-75 47.25 728.14 894.61 1670
Bssg2 75-105 58.82 744.32 776.86 1580
Lop Buri (Lb) Ustic Endoaquert, very fine, smectitic, isohyperthermic
Apg 0-20 70.31 33.04 266.65 370
Bssgl 20-40 36.64 22.73 210.63 270
Bssg2 40-65 32.09 18.19 169.71 220
Bssg3 65-90 36.06 13.64 180.30 230
Bssg4 90-120 32.34 21.61 176.05 230
Wattana (Wa) Ustic Endoaquert, fine, mixed, superactive, isohyperthermic
Apg 0-12/20 89.19 197.26 33.55 320
Bg 20-40 28.51 30.93 90.56 150
Bssgl 40-59 24.25 41.19 64.56 130
Bssg2 59-80 22.79 65.92 31.29 120
Bssg3 80-105 19.32 54.64 66.04 140
Ubon (Ub) Aeric Haplaqualf, sandy, siliceous, subactive, isohyperthermic
Apgl 0-18 22.51 30.84 859.65 913
Apg2 18-40 20.01 32.96 860.03 913
Bgl 40-68 4.65 25.09 590.26 620
Bg2 68-96 7.05 55.52 767.43 830
Btgl 96-125 1.87 32.84 858.65 620
Tha Tum (Tt) Typic Endoaqualf, fine, mixed, subactive, isohyperthemic
Apgl 0-12 16.36 60.8 3325.84 3403
Apg2 12-30 14.57 101.79 383.64 5000
ABg 30-50 18.40 143.52 6146.08 6308
Btgl 50-72 23.20 171.46 6113.34 6308
Btg2 72-99 28.23 201.14 7738.635 7968
Doem Bang (Db) Aeric Endoaqualf, coarse-loamy, mixed, semiactive, [sohyperthermic
Apgl 0-10 43.2 5.71 1113.09 1162
Apg2 10-25/32 29.4 15.65 950.95 1198
Btgl 32-55 33.8 13.91 948.29 996
Roi Et (Re) Aeric Paleaquult, coarse-loamy, siliceous, semiactive, isohyperthermic
Apg 0-16/20 8.65 25.74 463.61 498
Btgl 20-50 5.03 31.79 793.17 830
Btg2 50-78 5.51 25.44 799.04 830
Btg3 78-108 7.12 43.79 1277.08 1328
Phen (Pn) Kandic Plithaquult, fine, mixed, superactive, isohyperthermic
Apgl 0-19 8.95 127.67 2934.39 3071
Btgl 19-40 40.67 88.08 3855.25 3984
Btg2 40-61 39.38 188.03 6412.59 6640

Btg3 62-78/110 21.72 201.88 57524 5976
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Horizon Depth Soluble K plus Non-exchangeable K Reserved K Total K
exchangeable K
(cm) ( mg kg )
Renu (Rn) Typic Plinthaquult, fine, kaolinitic, isohyperthermic
Apg 0-13 8.65 25.74 1044.61 1079
BAg 13-31 5.03 31.79 461.17 498
Btg 31-43 5.51 25.44 1297.05 1328
2Bvgl 43-65 17.12 43.79 779.08 830
Nakhon Phanom (Nn) Typic Endoaquult, fine, illitic, isohyperthermic
Apg 0-18 41.67 267.70 437.62 747
BAg 18-39 33.88 494.76 13249.33 13778
Btgl 39-63 53.69 465.01 14504.3 15023
Btcg 63-94 79.66 518.13 23140.21 23738
Samut Prakan (Sm) Aeric Endoaquept, fine loam,mixed, semiactive, isohyperthermic
Apg 0-15 34.90 447.35 19271.75 19754
Bgl 15-38 47.40 606.56 22171.04 22825
Bg2 38-55 52.60 629.53 22142.87 22825
Bg3 55-82 36.80 547.49 21493.71 22078
Bg4 82-110 29.10 497.58 20638.32 21165

accumulation in the Bt horizon. This K form, is in
interlayer spaces of 2:1 type clay minerals
(Malavolta, 1985). It is the reserve of K in the soil
potentially plant-available, since it is the pool in
direct dynamic equilibrium with the exchangeable
K form (Hinsinger, 2006).

Based on profile average, Ck (Ustic
Endoaquert), Nn (Typic Endoaquult) and Sm (Aeric
Endoaquept) registered a high content of non-
exchangeable K of 671.63 mg kg™, 436.42 mg kg
and 545.70 mg kg respectively. Figure 6 shows
that the content of non-exchangeable K is low in
Db (Aeric Endoaqualf), Ub (Aeric Haplaqualf), Lb
(Ustic Endoaquert), and Rn (Typic Plinthaquult)
with 11.76 mg kg™, 35.38 mg kg', 21.84 mg kg’
and 31.69 mg kg' resceptively. Figure 7
demonstrated that most of the subsoils tended to
contain more non-exchangeable K than do topsoils
except for Bm2 (Ustic Endoaquert) and Wa (Ustic
Endoaquert).

Reserved K

Reserved K content calculated by soluble K,
exchangeable K and non-exchangeable K
substracted from total K. Reserved K content varies
from 6.07 to 23140.21 mg kg with a mean of
3788.51 mg kg in these paddy soils under tropical
savanna climate. In the topsoils and subsoils, it
ranges from 33.55 to 19271.75 mg kg™, 63.11 to
21611.49 mg kg'with means of 2875.65 mg kg’

and 4287.75 mg kg, respectively. On the basis of
profile average, high content of reserved K are in
Sm (Inceptisol) (21143.54 mg kg') and Nn
(Ultisol) (12832.87 mg kg'). Low contents of
reserved K in Wa, Bm2, Bml and Lb (Vertisols)
are 66.04 mg kg, 86.28 mg kg, 174.40 mg kg’
and 176.05 mg kg respectively (Figure 8). In this
study, reserved K contents are higher in subsoils
than in topsoils (Figure 9). The reserved K
measures readily available K, slowly available K
and the capacity to supply K under continuous
intensive cropping and, thus represents primarily a
capacity factor (Sharpley and Smith, 1988).

Total K

Total K content of the soils ranges from 120 to
23738 mg kg with a mean value of 3926.47 mg
kg' in these paddy soils. In the topsoils and
subsoils, it ranges from 310 to 19754 mg kg, 135
to 22223 mg kg'with mean values of 2430 and
4478.42 mg kg™, respectively. Sha’ato et al. (2000)
reported that total K content in soil reflects the
degree of weathering and nature of its parent
materials. Soil containing K-bearing minerals like
K-feldspars and micas, and which are subjected to
mild weathering conditions tend to have high total
K contents, whereas soils formed in sandy
sediments and subjected to more severe weathering
environments contain low levels of total potassium.
Figure 10 shows that Sm (Inceptisol) has higher
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Figure 5 Mean values of soluble K plus exchangeable K
content of topsoil and subsoil of the paddy soils.
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Figure 6 Mean values of non-exchangeable K of the paddy
soils.
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Figure 7 Mean values of non-exchangeable K of topsoil and
subsoil of the paddy soils.
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Figure 8 Mean values of reserved K of paddy soils.
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total K than do other soils. This may be due to the
fact that Sm is derived from marine deposits. On an
individual profile basis, Sm (Inceptisol) that
derived from alluvium over marine deposits has the
highest amount of total K with a profile average of
21729.4mg kg soil, while the lowest contents of
total K were found in Wa (172 mg kg') and Bm2
(Vertisols)(176 mg kg') that developed on local
alluvial partially derived from limestone. Total K
content of the subsoils is higher than that of topsoils
(Figure 11).

Correlations Between the Potassium Forms
and Physical and Chemical Properties
of Paddy Soils

Table 5 shows the simple correlation
coefficients for the relationship between some soil
properties and the various K forms in the soils.
Clay content is very positively and significantly
correlated with soluble K plus exchangeable K
(r=0.404**), non-exchangeable K (r=0.421%*%*),
and reserved K (r=0.443***). Organic matter
content of the soil is very significantly correlated
with soluble K plus exchangeable K (r=0.476**%*),
In this study, cation exchange capacity is correlated
with soluble K plus exchangeable K (r=0.321%).
The sand content of the soil is negatively correlated
with soluble K plus exchangeable K and non-
exchangeable K.

Correlations among Forms of Potassium

Correlation coefficients calculated reveals that
the total K is not related with the soluble K plus
exchangeable K (r=0.222) but significantly related
with non-exchangeable K (r=0.654***) and
reserved K (0.996***), Reserved K is significantly
correlated with total K (r=0.996***) and non-
exchangeable K (r=0.635***), The significant
correlations obtained between soluble K plus
exchangeable K and non-exchangeable K
(r=0.502***) show the existence of equilibrium
between these forms of K. The overall study on the
correlation between forms of K also reveals a
reversible equilibrium between them.

Conclusions

Soluble K plus exchangeable K content is very
low in Ub, Tt, Re, Pn and Rn, low in Bm1, Bm2,
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Table 5 Correlation coefficients of different forms of potassium with physical and chemical properties of paddy soils

under tropical savanna climate.

Soil properties ei(c)ilil;lgeeljb?g(ll( exchaltjg:z;ble K Reserved K Total K
Soluble K and exchangeable K 0.502°%#* 0.207 0.222
Non-exchangeable K 0.502%** 0.635%** 0.654***
Reserved K 0.207 0.635%** 0.996%**
Total K 0.222 0.654%** 0.996%**
Sand -0.425%* -0.183 0.190 0.178
Silt 0.204 0.312%* 0.320* -0.120
Clay 0.404** 0.119 0.164 -0.154
oM 0.475%** 0.097 -0.038 0.033
CEC 0.320* -0.071 -0.350%* 0.343*

**% Very highly significant at P<0.001, ** Highly significant at 0.01>P>0.001, * Significant at 0.05>P>0.01
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Figure 9 Mean values of reserved K of topsoil and subsoil of
paddy soils.
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Figure 10 Mean values of total K of paddy soils.
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Figure 11 Mean values of total K of topsoil and subsoil of
paddy soils.

Lb, Wa, Db, Nn, Sm and medium in Ck soils
(average profile basis). In the topsoil (Ap horizon),
the content of soluble K plus exchangeable K of
Re, Pn, Rn (Ultisols) are very low while in Bm2
(Vertisol), Ub, Tt, Db (Alfisols), Nn (Ultisol) and
Sm (Inceptisol) are low in Lb, Wa and Ck

(Vertisols) are medium to high and in Bml
(Vertisol) is very high. Soil soluble K plus
exchangeable K contents from high to low are in
order of Vertisols > Inceptisol > Alfisols > Ultisols.

Non-exchangeable K content is high in Ck
(Vertisol), Nn (Ultisol) and Sm (Inceptisol) but low
in Db and Ub (Alfisols), Lb (Vertisol) and Rn
(Ultisol) (average profile basis). In this study, most
of the subsoils tend to have more non-exchangeable
K than do the topsoils except for Bm2 and Wa. On
the basis of profile average, high content of
reserved K is found in Sm and Nn. Low content of
reserved K is found in Wa and Bm2. The content of
reserved K in subsoil is higher than that in topsoil.
Total K content of Sm (Inceptisol) is higher than
that of other soils. This may be due to the fact that
Sm is derived from marine deposits. The lowest
content of total K is found in Wa and Bm2 that
developed on local alluvium partially derived from
limestone.

The clay content and organic matter are
positively and significantly correlated with the
soluble K plus exchangeable K in these soils, more
than with any other soil properties. Soluble K plus
exchangeable K is significantly correlated with
non-exchangeable K. Total K is not correlated with
soluble K plus exchangeable K but significantly
correlated with non-exchangeable K and reserved



194 K. Ngwe et al.

K. Non-exchangeable K is significantly correlated
with soluble K plus exchangeable K (r=0.502%**),
reserved K (r=0.635***) and total K (r=0.654%*%*)
indicating that different forms of potassium along
with organic matter maintenance should be
critically considered for management of potassium
fertility in these soils for rice-based cropping
practice.
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