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Abstract

Potassium (K) is an essential element for rubber tree growth and latex synthesis. K fixation and K release
are the key factors that control K availability in soil. This objective of this research was to investigate the potential
of K fixation and K release in coarse, medium, and fine textured soil groups on a rubber plantation in southern
Thailand. The results indicated that the soil used for this study had both available K and fixed K in low level.
The potentiality of K fixation was high when low K concentrations (10-50 mg K kg™) were added to the soil. The
percentage of K fixation in fine textured soil groups was higher than in medium and in coarse textured soil
groups, respectively. The buffering coefficient for K (BCy), which indicates the ability of K fixation in soil, found
that the capacity of K fixation and K release in fine textured soil groups was higher than in medium and in coarse
textural soil groups, respectively. The amount of K release was higher in soil with a higher dosage of K fertilizer
application. Therefore, the management approach for available K in rubber growing soils should be applying a
combination of K fertilizer and organic fertilizer to enhance K level and the ability of K adsorption in soil,
especially for coarse textured soil groups with a lower K buffering capacity than fine textured soil groups.
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Table 1 Mineralogy of clay fractions in studied soils
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Soil textural Soil
. Soil texture Kao 108 I-Mont Ver Gib Ant Qtz etc
groups series
Kh Sandy loam XXXX XX X - - - tr -
Bc* Sand - - - - - - - -
Coarse Km Sandy loam XXXX - X - - - tr -
Nat Sandy loam XXXX - X - - - tr -
Fd Sandy Clay Loam XXXX - X - - - tr -
Bu Loam XXX XX - - - - X -
Medium L Sandy Clay Loam  xxxx X - - - - - X
Hy Sandy Clay Loam XXXX X - - - - tr -
Ak Clay XXX - - - XX X - X
Ntn Clay Loam XX XX XXX - - - - -
Fine Ro Clay Loam XX XX XXX - - - - -
Ptl Clay XXXX X X - - - - -

Remark: xxxx = > 60%; xxx = 40-60%; xx = 20-40%; x = 5-20%; and tr = <5%. Kao = kaolin; Ill = illite;

Il-Mont = illite-montmorilonite; Ver = vermiculite; Gib = gibbsite; Ant = anatase; Qtz = quartz. Bc* = not analyzed

because soil texture contained clay particles less than 6%.

Table 2 Range, mean, and standard deviation (SD) value of soil samples

Soil textural groups

Soil properties Value
Coarse (n=4) Medium (n=4) Fine (n=4)
Min-Max 5.02-5.27 4.56-6.99 4.99-7.67
pH (1:5; soil:DI water)
Mean = SD 5.15+0.11 534 +1.14 6.54 + 1.12
0 Min-Max 0.007-0.014 0.01-0.03 0.01-0.03
EC (1:5)(dSm™)
Mean = SD 0.01 £ 0.00 0.02 + 0.01 0.02 + 0.01
4 Min-Max 5.83-11.44 6.55-18.29 17.07-23.02
OM (g kg™)
Mean = SD 8.61 +2.29 13.63 £ 5.16 2111+ 279
. Min-Max 3.51-4.83 0.29-7.51 0.17-11.34
Avai. P (mg kg™)
Mean = SD 3.90 £ 0.63 3.48 + 3.20 548 +5.71
. Min-Max 5.39-16.88 18.83-38.35 29.00-81.23
Extr. K (mg kg™)
Mean = SD 12.44+4.93 28.07+9.80 59.30+25.35
. Min-Max 8.65-11.87 7.57-24.68 26.81-766.44
Extr. Ca (mg kg™)
Mean = SD 30.15 + 39.65 15.25 £ 7.29 319.67 + 318.30
L Min-Max 6.06-125.19 4.11-119.11 13.91-796.17
Extr. Mg (mg kg)
Mean = SD 38.96 + 57.73 41.19 + 52.61 265.20 + 364.51
L Min-Max 0.23-0.77 0.59-1.05 0.97-1.55
Total N (g kg™)
Mean = SD 0.53 £0.23 0.87 £ 0.21 1.27 £ 0.24
L Min-Max 1.01-2.05 3.37-7.78 9.31-12.20
CEC (cmol kg ™)
Mean = SD 1.60 + 0.44 533+ 1.90 10.75 £ 1.19
Min-Max 69.92-91.00 39.02-56.77 4.12-32.49
Sand (%)
Mean = SD 80.19 + 8.72 50.66 + 8.16 19.93 + 13.62
Min-Max 3.02-14.17 10.94-36.56 11.12-37.18
Silt (%)
Mean = SD 8.25 + 5.01 23.83 + 10.68 28.45 + 11.89
Min-Max 5.98-15.91 22.50-32.29 34.89-75.80
Clay (%)
Mean = SD 11.56 +4.18 2552 + 4.59 51.62 + 19.37
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Table 3 Potassium speciation in coarse medium and fine textural groups

Soil K speciation (mg kg™)
Value

texture Sol-K Exch-K NH;OAc-K Fixed-K HNO3-K Min-K Total-K
Coarse Min-Max 1.24-7.56 4.15-9.23 5.39-16.88 2.67-10.88 8.85-24.72 674-5416  690-5425
(n=4) Mean+SD 5.22+2.79 7.22+2.18 12.44+4.93 5.63+3.70 18.07+7.10 27762339 2794+2336
Medium  Min-Max 7.57-11.28 10.28-27.07 18.83-38.35 3.43-66.13  35.68-104.48 672-6530  694-6634
(n=4) Mean+SD 9.13+1.92 18.94+8.41 28.07+9.80 26.07+34.79  54.14+44.11 3463+2938 3517+2981
Fine Min-Max 1.77-67.48 13.75-64.97  29.00-81.23 1.70-404.33  82.93-452.09 428-14800 511-15252
(n=4) Mean+SD 21.40+31.26  37.89+22.28  59.30+25.35 143.79+178.03 203.08+169.37 8187+6012 8390+6156
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Ununans wazuiienenu sudd

Table 4 Percentage of fixed K in various different added K concentration

Average fixed K (%)

Soil textural 1
Added K (mg kg™)

groups

10 20 30 40 50 100 200 500
Coarse 76.75 92.98 106.61 97.89 97.80 27.22 48.48 25.20
Medium 87.62 98.75 106.64 100.77 107.69 33.52 58.52 22.48
Fine 114.03 99.01 113.36 108.18 114.27 31.69 47.00 22.16
F-test ns ns ns ns ns ns ns ns
CV. (%) 26.23 15.54 14.79 13.49 18.20 44.15 17.13 15.33

Remark: ns = not significantly different (p > 0.05); C.V. = coefficient of variation
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Fig 1 Buffer coefficient for K (a), and the average of cumulative K release in different soil textural groups (b).
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ausluﬂajmaul.ﬁaazLﬁamﬁmiﬂamﬂﬁaEJI‘WLmaLng&masﬁugqﬂdﬂﬂ&juﬁmﬁamuﬂmq wazAuoney (Fig 1b)
ﬂ%maﬂ,‘wLmal,%auﬁgﬂﬂam‘da'aaaaﬂuwgas’ﬁumuﬁﬁummLﬂﬁ'm%uimmal,%wﬁ@u (Table 5) wloussifiud3una
Tnunadeuiivanuaoslufu wui ﬂfjuﬁulnfaawﬁamﬁ%’aaaﬂwLmaL%auﬁgﬂﬂamﬂéaagqqmﬁaLﬁaUﬁUﬂa;uﬁuLﬂfamu
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Table 5 Cumulative K release in coarse medium and fine textural soil groups

Cumulative K release (mg kg?)

K added
s Soil textural groups
(mg K kg™) F-test C.V. (%)
Coarse Medium Fine

0 6.01b 7.30ab 14.85a ** 35.59
20 16.51 18.17 21.99 ns 22.87
40 8.48b 11.35b 20.59a * 39.76
100 14.03b 19.05ab 33.87a ** 32.92
200 15.00b 25.18b 49.48a ** 26.09
500 27.76b 47.05b 96.21a ** 33.69

Remark: a-b Different letters within each row are significantly different, * and ** are significant at the p < 0.05 and 0.01 levels,

ns is not significant at the p > 0.05 level.

Table 6 Percentage of K release from total K concentration

Percentage K release from Total K (%)

K added
. Textural soil groups
(mg kg™) F-test C.V. (%)
Coarse Medium Fine

0 0.41 0.18 0.84 ns 174.39
20 1.14 0.67 1.46 ns 144.41
40 0.54 0.37 1.42 ns 190.65
100 0.97 0.73 2.45 ns 233.60
200 1.11 0.83 3.28 ns 193.49
500 2.00 1.54 6.06 ns 194.60

Remark: ns letters is not significant at the p > 0.05.
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ﬁuﬁﬂqﬂ&mmmﬁd 3 ﬂ&jmﬁaﬁuﬁﬁLama?{ﬁLﬁuﬂsmﬁ’mﬁdmmﬁﬂﬁaa (5.15-6.54) 819N 5@ YLAULA
dulalalufudiifiey 3.8-8.0 (Karthikakuttyamma et al., 2000) aamﬁanﬁ’umﬁLaﬂjﬁuﬁmmzaﬂumiﬂqﬂ&mwm
Iuﬂiszﬁlmaﬁagiusdan 4.5-5.5 (Rubber Research Institute of Thailand, 2018) wenNt 5uﬁ5uw§&1§'ﬁq&f75ﬂmu
nana (8.61-21.11 ¢ kg') msrznalfifuanieutuilmannisaaeiveswnivldd aonadesiudunieTnquuasan
1915 ludminasuan (Poonpakdee et al, 2013) uazinmnil (Damrongrak et al,, 2015) finuin dunieingeglu
seduAfelunans mssnszduduneTnglududidudeadiunslitanduniduietedunid fnenuiulasenamnsni
ﬁmsﬂqﬂﬁummﬁauuazﬁﬂm§EJns'auﬁSuw%'ﬁli’mqluﬁuﬁm%uﬁmmﬂmii"gwa'usuaﬂuLLasdauﬁJadﬁ% (Saeteaw et al.,
2021) ﬁuﬂqﬂ&J'm‘wﬁ’]ﬁﬁﬂmﬁiu‘[mmuﬁdwm woaneSaiduuszlowy LLaxLLﬂaL%&Juﬁaﬁ’ﬂlé’ﬁﬂuﬂfjuﬁmﬁaumuLLag
Uunans Tusnefinguiuidoasfeneglusziuunans (Table 2) swdsuuniidouianald wui futa 3 nquidedu
ogluseduuunaadlewisuiusssuimanzan (Kungpisdan, 2011) Auvgnensmnsiiinsgydesinermsiuiunanin
Tnglutenmst 1 sudlulnsiou weaneda Tnunaden wazuundi@oudussdusznou 20, 5, 25, uas 5 Alandu
muaI9u (Kungpisdan, 2009; Rubber Research Institute of Thailand, 2018) ot Fedawalvifuvgnensnsiluniale
farmaauauysaifrufsaiuiuugnundutiiiu (Sanputawong et al, 2017) warfuugnldinasits 4 (Ntlopo et al,
2022) 1uﬂszmﬂvl,‘w&Jﬁwudﬂﬁmmqmuauyﬁaﬂﬁﬂ
nsaseazianudeslnunaidenlufiuugnenenis

Aulgnraniidnunisinunadenldin iesnfunelddulngdufiviannnsguazgnineglususy
Ultisols puflusinlodluddadunsfumideafiffanssusidunsesdusznoundn (Table 1) agslsfiniu Sesavnisnsa
TnuvalBsuvesiuiduaududulnunadouiisedus 4 (10-50 mg K ke?) ﬁﬁhqamhLﬁa@ummvﬂ’wﬂ’uqa (Table 4)
IuﬁumjmﬁmﬁaasLﬁﬂmﬁ%’aﬁlasm‘sm?ﬂmmm%uq&ﬂ’jﬂuﬂfrjuﬁuﬁamuﬂaw WAZNEIU AINAIAU Lﬁaqﬁ]Wﬂiuﬂa;uﬁu
Lﬁaaxlﬁamﬁ%aawaaLL'ﬁ'SalafﬁLLazLL'ﬁ'mamz'vmq@alaﬁLLasuauuaumaﬁiaiuéqqﬂiﬂuﬂajuauﬁamuﬂawLLame us
Auwileaviia 2:1 1wy 13e5EALaM (200 89 -100 cmol, kg waudueIalalud (-150 fi1 -80 cmol, kg™ Huszqlni
auansaaninalodlud (-15 fs -1 cmol, kg™ wshuwmllenyin 2:1 dallaruaunsaluanadigandn JuiliiAanisnss
Tnunadouszninsresinmessdumiedldminiusiumieavia 1:1 Brady and Weil, 2008) wailowfinszfuaiy
Wudulwunadeudisysu 100, 200 war 500 mg K k' wudn Aufidesarnsnidinunadenanas wed auiidnuniiusau
mﬁmLﬂiaﬁluﬁqﬁﬁuﬁﬂqﬁwﬁ’mﬁqﬁﬂﬁﬁmi@m%’ﬂwLmaL%smlﬁﬁi’ﬁﬂ oy dadiueududulnunaden il uiu
Fadanali¥osazmagedulnunadenldanas (Table 4) nauiuiloasBenfloumedumiowasuTinadurisingdadu
Lmédﬂizﬁ;aﬂuﬁuqdﬂ’iﬂﬂfjuﬁumfamuﬂmqLLawm‘U dqwaiﬁﬂfrjuﬁmﬁuaagLﬁmﬁmmma;LLaﬂLU?{aumelaaaug{q
(Table 2) aamﬁmﬁ’uﬁuﬁaﬂuﬁﬁmmwmLLaﬂLU%ammmlaaauLLasﬂ’%mm'ﬁ?asJavﬁumﬁmmwuiﬁm'%'ﬂmmm%mlé’ﬁ
(Najaﬁ and Abtahi, 2012) A1 BC, vesiudusuivedasnnuannsavesiulunsaidnunaidosluiu Im’ammﬂanm

=

GU‘IJE]EJﬂ‘U'U‘iJJ”Iﬂdﬂi”ﬁ]lWﬁ’]ﬁUi”%’J’NsUusUENLL‘iCﬂ‘L!LWLlEJ’J (inter ayer) (Wivutvongvana, 2003) usnntu NsuiaEdu
LﬂaﬂmmmummLaiﬁ,ﬂ.mﬂmmimdLLaum‘a"damﬂaaaiwLmaLszJ&JummJu (Shakeri and Abtahi, 2019)
ﬂejmﬁmﬁaazLﬁﬁmﬁmmmuﬁﬂumw’?nLLasUamﬂa'asﬂWLmaL%&J;ﬂé’ﬁﬂ’jmfjuﬁuLﬁamummdLLazﬂfcjuﬁuLﬁua
81U (Table 7) ﬂfjuaum'faaxLﬁamﬁl,l,s'ﬁumﬁm 2:1 U wsdalad (100-200 m? ¢*) weunusialalus (700-800 m? g?)
%qﬁﬁuuﬁﬁaqnﬂ’myﬁﬁumﬁﬂwﬁm 1:1 1w waledlad (10-20 m? g) (Wivutvongvana, 2003) %ﬁwumrﬂuﬂfjuﬁmﬁamu
nanauazlilevey (Table 1) ﬁdﬁwaiﬁﬂfjmﬁwﬁaazLamﬁauﬁ’mumw?aLLasﬂaﬂ"da'a&JIWLmaL%Em"Lm”ﬁﬂdﬁﬂfjuﬁuu’fa
ey fedu Tnealuduusihigluiudonsuidvinalnunadouganiluiudoanson wuisrtusuusie
ﬁm%’umqumdam%ﬂ%ﬁﬂqﬂsluﬁm‘ifawmu (20-10-17) wariwiloaziden (20-10-12) luwaugnenslusdvesUseme
e (Rubber Research Institute of Thailand, 2018) AufifiusAumieadaladuazueululaludgainuannsalunns
Uam'ﬂa'asﬂwLLwaL%wqqmﬁﬁuﬁ'ﬁLLﬁ'miaﬁiuﬁlﬁumﬁﬂizﬂauué’ﬂ (Darunsontaya et al., 2010) lafin15@nwn
Auduiusvesadndaugdninesvoslnunaifeon (potential buffering capacity of K; PBC,) @i udviivsuen
auansalunsiumunisasussiulnunaeudidudss lomdlufu wine PRC, g9 LERIANANIRTN I TEAY
Usunaldnunadeudiduusslondlufuldd (Saleque et al, 2009) wudn Arfenanndanuduiusideuandulium
fundsinquarAinnuguaniUasunanlessuvesiiu (Suttanukool et al, 2019) uennu ArwannIaTesiulums
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HuundsilnunaBouuniandle (Pistacia vera L) fivgniufuililatelnunadon wuin fivannsanigiulaldd
LwﬁwLmaL?nﬂuﬁzj_]ﬂ@?ﬁsluﬁuu'%Lamisuuimﬁ%ﬁ"d%mmamadLﬁaLﬁauﬁ’udaumiwmaad esnfulanUdesinunaidoy
nguignededsliiidudstlevisofiviuilioonueglusuilifuuseloviuasivannsagaullgle (Hosseinifard et
al., 2010)

finsldusiiilnuwnadsudussdusenovunualidvunadniiteldiduunadilnunadsuudvelsd (Lolium
perenne L) fiugnluduiiilnunadondn wuin vehlsdanusaniqpivlawasinsgalilnunadongeniinislaildus
flanana (Li et al, 2015) wudgatunisidusiulolng Walnlug wazlulasaansdiduwnadlilnunadeuwnie wuin
AuveNilduNuAUENa1EAY wazmsasyiulnitudedeuiuldld snvsldlddmaldnsasyivlnvostunesd
anunansafl esuiunisldslnunaidounaslse (Manning et al, 2017; Mohammed et al., 2014) wifAfAud
ANNaTalunssnwsEaulnunadey Lwimsﬂgﬂﬁ%ﬂ‘uﬁuﬁﬁmmmmiﬂumié}’mmumiLﬂﬁauszﬁUIWLLwaL%ﬂuﬁ
Juuselovidlufugs wuin ﬁuﬁi‘wLmaL?ﬂauﬁgwmammuasLﬁmmﬂﬁaamaiwLmaLﬁ'ﬁ&mmﬂﬂiﬁuﬁﬂgﬂﬁw@zﬁmﬂ%
Uelnunaideu (Li et al., 2020) Faty ﬁuﬁiﬂ?ﬁwmimwmﬁamﬂ%ﬂ&JI‘WLmaLS?J&Jaﬂ,ﬁLﬁaqwaﬁiammﬁaqmimmﬁmﬁa
Snwaunalnunadeslufu

Table 7 Average the amount of fixed K and released K in various K added in soils

K average (mg kg™)

Soil textural group Fixed K Cumulative K release
Coarse 61.58 16.36 b
Medium 64.60 2416 b

Fine 65.40 44.88 a
F-test ns x>
V. (%) 67.09 71.68

Remark: a-b different script letters within each column are significantly different, ** is significant at the p < 0.01 level, ns is not

significant at the p > 0.05 level.

wwamnamsdamsinuna@eulufudgnenswisilunialdvesuszmalne

auﬂqﬂmqumﬁv’d 3 ﬂ?jmﬁaﬁuﬁiwuwa@auﬁLﬂuﬂiﬂa%ﬁ (Table 3) sndnseduiunzan (40-80 mg ke™)
(Rubber Research Institute of Thailand, 2018) @enadasfunis@nwiarudulsylesdvednunadenludulgn
mnwwsﬂumﬂ%’fﬁwudﬂa&vfiusxﬁuﬁw (Damrongrak et al., 2015; Kongmak et al., 2017) fuvgneranisilunialead
I‘wLLmaL%uﬁQﬂm?ﬁaL‘fJuLmﬁdﬁﬁaﬂwLmaL%stﬁ ﬁgd{jymﬂiﬁﬁummﬂqﬂmquswLﬁuﬁmﬁﬂqﬂmmw%ﬁuﬁauﬁ 2-3
Fa m'ﬂa'ﬂEJIWLmaL%EJus[,ﬁ'l,ﬁmwaﬁiamméfamwmmmquﬁaLﬁuﬁqaﬁLfluimLa‘wwvmmé’u%ﬂ%ﬁmmﬁw
mLﬂummuﬂ‘wLL'wamauiﬂ%ﬂumsaﬁwmmn am‘umastqimLuumUamauam 29-5-18 6091 1 kg tree year” fin
LﬂuIWLLVIaL“UEJNVﬂEﬂ.umu 11.35 kg rai ' year" (76 tree rai’) LLa‘”EﬂdW’]i’liJﬂ’lﬁG]ﬂsL‘ﬁWLLV]?IL“(IEJﬁJaS’NZJ’JﬁLLauu’]Eﬂd 7.23
kg rai! year (suauamnmu&mwwmﬂmamamuammm 400 kg rai’ year?) augrswisidnislalnuna@onlunis
afranauaziiens 95.2 g tree’! year”) (Yingjajaval and Bangjan, 2006) muimﬂ‘wL,mal,sn&mﬂaLLavwaﬁuLaavLﬂﬂum
padusinalnalfesiy LLGW]’J’]?J?H@JTEOSLUH’]WINLLawﬂ’li‘UafﬂUa@’ﬂI‘WLLV]ﬁLSIJEJMI“LmQJJGmLUE]MEHU Uunan uazazidun
flupnsneiy uananiiy ﬂaiwLmaLéﬁ&mLﬁEﬂa'an"l,ﬂiuﬁuﬁ‘uizﬁm%mwslﬁﬁsuamﬁﬂﬂwlﬁﬁﬂﬁaaaz 20-40 (Baligar and
Bennett, 1986) fatiu mmﬂﬂdﬂﬁﬂwLwlal,%aﬂuﬂ'%mmﬁaaLwiﬂaaﬂ%gq Swiunslddedunsd Fadusuamaiivany
Lﬂuﬂiﬂﬁlﬂjﬁ%aﬂiwLL'VIE‘TL“?IEJiJsL‘uauLLaSﬂWi"d‘%JUU?ﬁE‘TJJﬁJaWWdﬁaﬂﬁ%mﬁ‘iﬂ(ﬂﬁlLQW”I&;’IuﬂEleaULﬁE]MEHU Fafinuaunsaly
n1smsslnunadeulasn (Fig 1a) ﬁnﬁamﬂ’u?ﬁ’ammusﬁwﬂ&Jﬁuw%'ﬂué’mw 3-5 kg tree year! (Rubber Research
Institute of Thailand, 2018)

Inuna@edlududnlngoglusy MinK unninfesar 95 voslnunadeuimusluiu (Table 3) Tnunadeou
TugﬂﬁﬁmmﬁnﬁﬁaﬂwLmaL«%auLLfimqusﬂuamﬂm fisrsauienamsdnalnluniswdensaeaneidn (oxalic acid)
¥oenanusiinisan (Onthong and Osaki, 2006) Uenantiu wuafiSefiaunsoasarsusidlnunadeuduedisznou
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(K solubilizing bacteria; KSB) AanunsaasnaiazlanUassnsneonenan @nsn (citric acid) wazanan (malic acid) (Chen
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