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Kinetics of Potassium Release of Lowland Soils in Central Plain of Thailand
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Abstract: The study on kinetics of potassium (K) release in lowland soils, Central Plain of Thailand was carried
out by selecting representative soils with different soil development from 10 areas. The studied soils included
Sapphaya (Sa1, Sa2), Ratchaburi (Rb), Bang Phae (Bph1, Bph2), Bang Len (BI1, BI2), Nakhon Pathom (Np1,
Np2) and Pak Tho (Pth) soil series. The soil samples were collected at Ap horizon and under Ap horizon to 60
cm depths. The kinetics of K release was studied by extract soils with Mehlich 1 and K content was determined
at various times from 1 to 168 hours. The data then were fitted by various equations to describe the release of K
from soils. The result showed that Np1 soil series had the highest K release (816 mg kg’w) while Pth soil series
had the lowest K release (240 mg kg'1). Kinetics of K release for Bl1, BI2, Bph1, Bph2, Np1 and Pth were fitted-
well by parabolic diffusion and power function equations. These results suggested that kinetic of K release in
these soils involved with diffusion process and the rate of K release decreased with increasing time. Kinetics of
K release for Sa1, Sa2, Rb and Np2 were fitted-well by zero order equation, suggesting different rate of K
release in these soils. At the initial stage of release, K may slowly release from the external sites of clay minerals
whereas the rapid K release may occur from interlayer sites of clay minerals afterwards.
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ASINLARENN WAZN1SILATIERANTANISWANS
LAY URSLSINENURIAY
finmafusiegnsmufigaluanfinunia
nanvreatszmalng a1uan 10 U3 Inewden
ﬁQLquqmauﬁﬁWm UINITNIIRAULANF 1A U
Usznaudoagafuasswen (Sat, Sa2) TARWINTLT
(Rb) gARULNGLAY (BT, BI2,) TAAWLIGUN (BphT,
Bph2) gaauuAsUIN (Np1, Np2) uazganuilinvia
(Pth) Tneisenzid e ngnuiAuRasnsmulE uanels
1 Table 1 \iuFaaEN9LLL composite sampling Tag
Wadnwanziud 2 szfuaanan ud dulowsu
(Ap horizon) #eAuuaazi3 i Arudnlawinfuy
(Table 2) TnaiansaunaINA wazrlpsaas199A WU
YAN Lmzlﬁuﬁqaﬂwﬁuﬁzudwﬁi:ﬁumwﬁﬂmﬂiﬁ
gwu%u"l,nwmuﬁq 60 WIUALNAT (Ap-60) 11n17
AAzRaNTin 1Al Anduazial199A URINID
A7 (National Soil Survey Center, 1996) sznaudiae
Lﬁ”@au (soil texture) TneiA3 pipette WiaTAU (soil pH)

Table 1. Soil sampling sites

Asmluin uasdaluanaazans 1 M KOl ludmsdanuiu
fatin uavAusaaNsaTaY KCI Wi 1:1 3iasned
ﬂ?mm%uﬂar‘mq (organic matter) TneAT wet-
oxidation U3snauluingiausan (total N) Tng Kjeldahl
method 1Banaunaaneianiuylsslem (available P)
1m23%T Bray | m’qumﬂ;meﬂ?{ﬁummi@@@u (cation
exchange capacity) # 2 & 1M NH,OAc pH 7.0
(Thomas, 1982) AwAgnziaiarasusadnlsznayly
AUNIATUIARWINTE UAZEUNIATUIANTIBLITY
(Mineral species in clay and silt fractions) faadt
AensaRiand (X-ray diffraction) (Whittig, 1965)

madasenlFinalnunadasglane o luku
nnisams el uinunadeanlu
mmmwﬁu%Lﬂugﬂﬁaxmﬂﬁ”ﬂiﬁ (water soluble K)
Tnadasansnemu 3 N5 wendaeminnduFunas 30
Aanaang 1unan 30 ui uazindauansazanelall
TaFualnunadaufoe Lﬂ?;'a\i Atomic absorption
spectrophotometer (AAS) mmfuﬁﬁm:ﬂ'auauﬁ Wiaa
urdn s avunadanfvanuasuly
(exchangeable K) Tngl 1Ay 1M NH,0Ac 1511m3 30
Nadang wedunan 30 Wi uaztindnsazanelald
SN A B B aEAE 0 AAS (Thomas, 1982)
FinnsnnziBnatnuna@ongUfiuanu Aeldl
(non-exchangeable K) Tnginmznaun unwaeld

Location
Soil series Soil order Coordinate
Subdistrict District Province
Sapphaya 1 (Sa1) Inceptisol Tha Ngam In Buri Sing Buri 47P 643359N 1656511E
Sapphaya 2 (Sa2) Inceptisol Ban Mo Phrom Buri Sing Buri 47P 655904N 1630176E
Ratchaburi (Rb) Inceptisol  Chaiyaphum Chaiyo Ang Thong 47P 656475N 1626819E
Bang Len 1 (BI1) Mollisol Don Yai Hom Mueang Nakhon Pathom 47P 616865N 1518488E
Bang Len 2 (BI2) Mollisol Lak Song Ban Phaeo Samut Sakhon  47P 621132N 1507926E
Bang Phae 1 (Bph1) Mollisol Bua Ngam  Damnoen Saduak Ratchaburi 47P 610504N 1505861E
Bang Phae 2 (Bph2) Mollisol Pho Hak Bang Phae Ratchaburi 47P 616909N 1507791E
Nakhon Pathom 1 (Np1) Alfisol Plai Na Si Prachan Suphan Buri 47P 629769N 1622120E
Nakhon Pathom 2 (Np2) Alfisol Plai Na Si Prachan Suphan Buri 47P 629459N 1624013E
Pak Tho (Pth) Alfisol Sanam Khli Mueang Suphan Buri 47P 602823N 1610413E




A9A15INEAT 36(1): 123-133 (2563)

Table 2. Physical and chemical properties of studied soils

Soils Depth pH (1:1) oM Total N Avail. P CEC Textural class

series (cm) H,0 KCI (- g kg'1 —————— ) (mg kg'1) cmol, kg'1

Sa1 0-20 52 4.3 29 1.1 29 15 Clay Loam
20-60 6.5 5.3 14 0.41 6.0 13 Clay Loam

Sa2 0-20 53 4.5 23 0.70 9.9 15 Clay Loam
20-60 5.6 4.7 14 0.49 11 23 Loam

Rb 0-20 5.0 4.2 24 1.1 11 21 Silty Clay Loam
20-60 57 4.7 14 0.35 8.1 16 Clay Loam

BI1 0-30 6.0 4.4 32 1.5 9.3 35 Silty Clay
30-60 6.4 5.8 19 0.76 6.2 28 Silty Clay

BI2 0-25 59 5.4 33 1.1 5.6 37 Clay
25-60 6.1 5.4 18 0.91 10 32 Clay

Bph1 0-30 6.7 55 28 1.1 3.1 42 Silty Clay
30-60 7.1 6.1 19 0.82 1.4 41 Silty Clay

Bph2 0-30 7.0 6.2 32 1.6 8.4 40 Silty Clay
30-60 7.5 6.4 20 0.34 2.1 32 Silty Clay

Np1 0-20 6.4 5.7 23 0.90 58 11 Loam
20-60 7.1 6.0 15 0.42 51 13 Loam

Np2 0-25 6.0 5.3 24 0.98 25 14 Clay Loam
25-60 6.8 6.1 16 0.48 10 14 Clay Loam

Pth 0-20 5.3 4.5 24 0.96 16 11 Clay Loam
20-60 5.0 3.6 13 0.28 4.7 9.2 Clay

naantaeAI8¢ 19 (digestion tube) LAN 1M HNO,
13077 30 HARART ﬁ@ﬁﬁq@ﬁﬁqﬁqmmﬁ 110°C
{iiaan 1 9aTue anniiuindretanseuarn
prneauilmaedan 0.01M HNO, U5ud3Nms
ansazaneiilu 100 HadART A9e 0.01 M HNO, (Pratt,
1965) waztingsazangludndiunmuinunad@eniae
Lﬂdﬁl"m AAS

nsAnmIRauAanin1slandaaslnunaidan
UBIAU

Fanatingdiu 2.5 n3u lduaen centrifuge
Laﬁdl‘iﬂﬁ’]’&ﬁ/[ﬂ Mehlich 1 (0.05 M HCI + 0.0125 M
H,SO ) 1Bunms 25 Haaans weunan 1 5lue 9
nswAsauazfudnsazatelai e s iunny
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MA@ aNFag AAS annsiuinfaeteAulurasn
WANNUFANENEn A Mehlich 1 U3N1R9 25 Nadams
LA . v
LAZLAE 5B LAIALATLTZE LA FING "'|1m Wi 24, 48,
72,96, 120, 144 Az 168 42709 AMNANAL NN
wieuazfiuanIazane Al o ATLANNITIZIATGNA ]
sana12 TR I WU g e NF8FTea AAS (Silva
et al., 2013) Y inunadeuninseiflaun

. o o .
AU N U ama NN Uanlaesdazan
(cumulative K released) hazi1dayadTuo
Tmunadannlantdesazanfiszazinansing o w0
afuneanEUznslanlaeafosannigsing o dai
aunsi lesunaaauataninislantlaassinaims
Tumu (Havlin and Westfall, 1985; Jardine and Sparks,
1984; Sparks et al., 1980) l&un
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Parabolic diffusion equation K=a + bt'?

Power function equation nK)=in()+bin()
Elovich equation K=a+bin(t)

First order equation In(K, -K=a+bt
Zero order equation (K - PI<) =a+bt

max

Wa Kae Buiuinunadaunlantlaasd
FLUTLIAN t(u@@m‘u/ﬂ‘iam‘u) K_ Aa d3u1m
Twmeenﬂumﬂmﬂ@@ﬂmnmmw 168 Fa 14
@adansu/Alansy); tAe sveizinan i lunn2ai
Tnunaides (19149) InaiAqafAWNUAY (a) 8819019

3 1 = 1
vannediunnunislantasaiwungi@en wazAtAIN
1 (b) aN17LauenteensBa luntsdandans

Twunaiden1s

NANTTNANBILA 33@']‘31’11

a |4

ANTANINANE 1Af wazuddnavasduit
YINNSANEN
AuTiRNsA e Tl AR e Wmunnng
wnnenaiu TnagaRuassnen (Sa) LasgnnuaTLY3
(Ro) Anidupuludusvaumlntesd ganuLIuAY
B)uazgaRBUIILN (Bph) il uAulududy
vendtead qanuuAsAsdgn (Np) iudulu
suAudanaead wazganulnvie (Pth) iunuly

o

dusudangaad AuniansAnedilan uag Tungu
d’l =S da/ = a
athunawnaiieaziasn (Table 2) negaRuLNAY
uartARuLNUnHItaAuat Tunguilaazidan Tuane
dl a dl = dy a 1 1 A d‘/
ngaRuau 7 HileRudaulun)ungusuiielhuna
AN eTredA Ut UL R AT unIAS AN
=® 1 [~3 v a a o 1 o
aunaflusradanties Tinnauisadng e lussay
' y o = g ~ '
Aoudingsnferauiinegs uasiiBunluinsausnag
TuszAuRINIntienn AraRquanilaauuas laaau
Aundsdsusszauaauiiennfegennn noganu
LNIAUIAZT AR ULUNE AN N uani A A laeau
g luszAugannn senafesiudnyuzae e AL
a = = 1a = A 1
Wuhwudequastusnuwmiaalssinn 2:1 Aa w3
awnndidussfilszneunan (Table 3) daugamuiln
WasmLﬂumuiu@umm@wn@m’mmm’m@LL@mﬂ@ﬂu
u,ﬂmifa@au@ﬂluivmumumqm iflegannaug
Wiunsgauazilusialad lumiduesfisznanlu
AndoungendnAuluguALau < (Buol et al,, 2011)
NANTIILATIZHBNA LT NaUNI9wIaINeN U
AYNIATUIAR VAT TR UNNINIANHINLIIN A
lunnduduiusasAdsznan tHun usialod lus us
a & 1 & d‘ 1 o a = ]
falas wazusawnng WBununuanm1eii Al ug
Aumilandandi (interstratified clay minerals) azus
Afemd i uedrlszneululFunnsaniies (Table 3)
ARAARBINUNITANEIUD Yoothong et al. (1997)

Table 3. Minerals composition in silt and clay fractions of soils

Clay fraction Silt fraction
Soils Kao Il Smc Int10and14A° Qtz | Qtz Cal Ant 7A°clay 10A°clay Others
Sa1 XX XX XX tr - XXXX - - tr tr Ab ftr.
Sa2 XX XX XX tr - XXXX - - tr tr Mc tr.
Rb XX XX XX - - XXXX - - tr tr Mc tr. ; Ab tr.
BI1 X X XX - - XXXX - tr tr tr Mc tr.
BI2 X X XXX - - XXXX - - - tr Mc tr. ; Ab tr.
Bph1 tr tr Xxxx - tr | xxxx - - tr tr Ab tr.
Bph2 tr tr Xxxx - tr | xxxx - - - tr Mc. tr. ; Ab tr.
Np1 XX XX XX - - XXXX - - tr tr Mc. tr. ; Ab tr.
Np2 XX XX XX - - XXXX - - - tr Mc. tr. ; Ab tr.
Pth XX XX - - tr | xxxx - - - - Mc. tr.
Kao = Kaolinite; Ill = lllite; Smc = Smectite; Int = Interstratified clay minerals; Qtz = Quartz; Cal = Calcite; Ant = Anatase; Mc =

Microcline; Ab = Albite; tr = trace (<56%), x

= small (5-20%), xx = moderate (20-40%),
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AUTINNE9ELNEIAY NTELIUNNITEAZANEIAN LATAN
Freaduiluane 29d a3 un1 s uAnFanilu
A178zAN AU (resilication) masnsavaLanlaany
fianfudmiunisasasaresudamning (Kitrick,
1971; Weaver et al., 1971) zdfsmmau%'u TNUUS
el st usalar uasus AN A Bann i Ing @esru

ARSI UIIA U A M UIN1sAaud9n1H 8
= al o a 1 Aﬁl a o o
wWrsumeuiugaaudinveduduiulududy
fanaaadn Wnuntawn nmduasmlsznay 4 miy
avAlsznaunusinaluayniaaunanse il
wudn Aulunndusuiusatendidunsesdilsenay
PAN WATWULT 10 89ansan wilulnslaail wazus

waalus T Bunouaniias

uamsAnElFInalnunadangilang ¢ luau

a Ao = = = =

AunnINIsAns AR uwunamangUy
azaneinlfae luwnde 11-117 Hadniw/Alaniu (Table
4) efleg lilunnitiaailau Fauauiuwung e
sUau 7 uiu atelafinan nanisfnswudnfaun
° = a = = Adl
NansAneuNLTuiB uunadaugla

Table 4. K content in various forms and cumulative K released at 168 hours

Soil Depth Water K ExK NEK Cumulative K released at 168 h
series  (cm) ( mg kg’ )
Sa1 0-20 11 34 465 462
20-60 21 25 467 536
Sa2 0-20 26 33 479 480
20-60 22 33 488 496
Rb 0-20 20 36 410 430
20-60 27 32 359 418
BI1 0-30 70 142 287 531
30-60 44 108 308 451
BI2 0-25 63 157 243 467
25-60 111 221 321 603
Bph 0-30 45 65 255 294
30-60 10 55 369 352
Bph2 0-30 25 111 339 406
30-60 21 77 508 489
Np1 0-20 108 236 458 816
20-60 117 387 511 974
Np2 0-25 40 26 290 301
25-60 41 41 411 837
Pth 0-20 56 48 165 240
20-60 45 39 183 182

Water K = water soluble K; ExK = exchangeable K; NEK = non-exchangeable K
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(Thasanon et al., 2018)
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, @ a | a =
atilsinnu mmuﬂwnmmﬁmmimmmLsﬁﬂmﬂ‘w
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antlase Inundidenazan AaanTeIvezian 168
dalig at/luiNde 240-816 NadnTu/Mlaniy dauAndu
anifinunstandassinunadeuet luids 182
-974 8aanin/Alandu (Table 4) Inewu3N TAR Y
Uhnvie fiinunislasdsen tnuna@aatienign
deifeuruganuiu o daugaiuuaslgu 1 303
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#1Nn"7 parabolic diffusion #:N13 power function ¢
Tuide 0.98-0.99 LAz 0.91-0.98 ANUAIAL ANNIT
parabolic diffusion 41815085 UgN1sUandaay
Tnuna@enlufufivnnisinen1sa (Figure 2) uandls
$iudn AuRsinnisdneniinsruaunislanilaes
AT aninenIzL1NITNS (diffusion controlled-
process) %Qﬁ FILIIUTNANNT parabolic diffusion
gugnliesuadaneaenistantaeswunaidey
Anuslun uazan@unans o dnwouzliilued19m
(Darunsontaya et al., 2010; Dhillon and Dhillon, 1992)
uazaNNNTnesLNEanEennUanlaes e Tuew
(NH,)anau afl ansovilszqlnfiAaeiy
unadanlfnaniag (Darunsontaya et al., 2018)
ANN9 Power function 41819085 LNEINNS
Uanaaswunaidesly quﬁumqmmiﬁi 2131904 1A
AuLnaunIis 2 1310 TARUUATUFN 1T UAZTAAY
thnvielAaTuiu (Figure 2) faguNNIFINENEINNTD
Tesuneanemenislandass nunad@annne
F39a1tien 7 et uLRIN1INAASY (Tabi1Ted
Ufisanuuy S-curve) naziugneaisnslantlaesd
AaanAuiafgadufidasinainaue
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Figure 2. Data fitted to parabolic diffusion and power function describing K release from topsoil (Ap) of

BI1, BI2, Bph1, Bph2, Np1 and Pth

(homogeneous surfaces) (Aharoni and Suzin, 1982;
Sparks; 2003) ANHLEAINA1IB1ALAAS LT LAWAN
JUTNaUINTRINNTNARDS AURTINNNIANEN analfianns
Uantlaselnunaidenaninmaowanasureausiiv
wiltaesatnaden ndsnntiunssununsandas
AafaannRuRRauan Asutaneli wazansuen
sautannstantlaesangunisedng nden o i
zﬁwﬁguqmﬁumiwmﬁwﬁ 2 U390 AR
WATUN 2 WASTARWINTLT ANHNsneBLNEANEIUZNNS
Uandasanunad@enliffsadannng ordered-
equation (Figure 3) lagIfl AnduiszAnanissanun
(R%) 2894NN"T zero order WaZ@NNNT first order @?;IJ'SLLL
A&t 0.95:0.99 LAz 0.83-0.87 ANNANAY 3 98UN"3
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Figure 3. Data fitted to zero order equation and first order equation describing K release from topsoil

(Ap) of Sa1, Sa2, Rb and Np2
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