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Abstract

Currently, empty palm oil bunches, which high potassium (K) content, are widely used as biomass for
production processes in industrial factories and power plants in the southern region. This has resulted in an
increasing amount of ash, a by-product of combustion, which needs to be disposed or utilized. Nowadays, K in
ash was extracted and used for sources of K to plant. The objective was to study the effects of ash and K
extracted from ash of empty palm oil bunch (PEA) as a K source on plant growth and nutrients uptake. The
experimental design was a completely randomized design with 4 treatments and 4 replications: 1) control (no
applied K fertilizer), 2) KCL, 3) ash (empty palm oil bunch), and 4) PEA applications. Various K sources were applied
by top dressing at a rate of 100 mg KxO/kg. Sweet com of the Super Sweet variety was grown as a test crop in the
Thung Wa soil series, which is characterized by coarse textural soil with low nutrients content, especially low K
level. The results showed that K application not only increased the height, stem diameter, fresh weigh, and dry
weight of the sweet comn, but also promoted nutrients uptake, particularly K. The growth of sweet corn applied
ash, PEA, and KCl was not different. However, the application of ash and PEA not only promoted Ca and Mg in

plants but also increased soil pH, K, and Ca. Therefore, ash and PEA can be used for alternative K source to plant.

Keywords: Potassium sources, Ash, Organic materials, Chemical soil properties
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M13199 1 audAnuneuUgnvesyaiuvimimldlunisdnw

Parameter Analysis value
pH (1:5, soil:water w/v) 5.47

EC (dS/m) 0.02
Organic matter (g/kg) 21.66
Total N (g/kg) 0.73
Available P (mg/kg) 8.27
Extractable K (mg/kg) 44.05
Extractable Ca (mg/kg) ar.11
Extractable Mg (mg/kg) 26.08
CEC (cmolke) 2.48
Sand (%) 78

Silt (%) 16
Clay (%) 6

Soil texture Sandy loam

= waa 9
M99 2 auumu‘mawqﬂ

Treatment pH EC Total N Avail, P Extr.K Extr.Ca Extr.Mg
(1:5 w/v) (dS/m) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Control 5.56 0.04 0.82 a 113.62 28.07 31.80 b 4.99
KCl 5.61 0.07 0.75 ab 108.71 30.75 39.64 a 3.92
Ash 5.62 0.08 0.73 ab 108.10 30.30 30.65 b 4.82
PEA 5.65 0.08 0.68 b 109.74 29.30 3289 b 531
F-test ns ns * ns ns * ns
CV. (%) 4.22 1.49 5.90 12.84 14.78 10.05 16.88

Note: PEA = K extracted from ash, K application at the rate of 100 mg KxO/kg. ns: not significant difference; * significantly
different at 0.05 probability levels; means with different letters within a column indicated a significant difference by DMRT test.
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Parameter KCl Ash K extracted from ash (PEA)
pH (1:2 w/v) 8.88 9.46 8.85
EC (1:2 w/v; dS/m) 32275 6.75 58.46
Total N (%) - 0.11 0.91
Total P,Os (%) - 1.35 1.63
Total Ko0 (%) 60 11.80 12.96
Total Ca (%) - 6.90 7.90
Total Mg (%) - 1.30 1.80

nsseyiulnvaItIlnaI

lotnwavmildulumadeuiaduanugsing 4 wuin drlwavmmusimsesgduln i anugs
paduRuguenasdiu uashulufsdudenssuidisusuriasndemuan nsliidniduuvddifnunaidon
dsraliidmlnamnuiiniugegega (177.43 wuiwnas) luvaziinisldlnunadounaslsadanaliiouinidunin
gudnansadiugegn (14.84 fadwns) WewIsuifisuiunisldlnunadenainunasdy egslsinm nnsld
Tnunadeuanunasiissiulailddmalisunuluvesdninamuwandisiu (rmd 20) venanniy iedalng
vl sulnmadeus dealifenuguazmmenvesndistuesaiilddnidonSeudeusunsldld (il 3)

drlnavudldsuTnunadonfuiuainundsing q Sdwmidnaawasiminuiaduiy Tnensldde
TnunaiBeunaslsddmalidninauihimdngn (224.21 nu) wazthmiinuisgean (21.66 n3u) udlndiAoi
msldiduasinunadeniiadnandmeansaduihiu dewieuiisuimtnandiusng 4 vesdnlnama
WU dhuvesddu > W >91n Tusmsdidmiinuis wuii Tu > ddu > 59 sl )

20

e ' (@)

—
n

150 ©

Height (cm)

100 |

Stem diameter (mm)
=

50 [

Control KCl1 Ash Control KCl1 Ash
Treatment Treatment
14 i (© ]

12 -

10 -

Leaves number (leave)

Control KCl1 Ash PEA

Treatment

Al 2 mswaSaAuladlnavanuil 50 Yundagn anugs (a), Wushugudnansdidu (b) wagdwanlu ()
Note: PEA = K extracted from ash; K application at the rate of 100 mg KxO/ks.
*, ** significantly different at 0.05 and 0.01 probability levels; means with different letters within a
column indicated a significant difference by DMRT test.
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Note: PEA = K extracted from ash; K application at the rate of 100 mg K:O/kg

A15197 4 UMINAALATWAIYDIAUTNILNARITU

Fresh weight (g) Dry weight (g)
Total Total
Treatment
Stem Leave Root (9) Stem Leave Root (9)
Control 6241 b 52.84 2136 b 136.61 b 437 b 8.99 151 b 14.88 b
KCl 101.30 a 16.27 46.75 a 224.21 a 6.61 a 10.70 3.20 a 21.66 a
Ash 97.99 a 68.84 36.37 ab  203.20 ab 6.40 a 11.40 2.44 ab 20.24 ab
PEA 80.82 ab 56.27 23.30 a 160.39 ab 6.67 a 11.84 1.85 ab 19.22 ab
F-test * ns * * * ns *x *
C.V. (%) 19.65 27.10 32.65 22.34 17.49 18.80 25.57 17.04

Note: PEA = K extracted from ash; K application at the rate of 100 mg K;O/kg. ns = not significant difference; *, **
significantly different at 0.05 and 0.01 probability levels; means with different letters within a column indicated a
significant difference by DMRT test.

n13galds1nams

Fnlnavuildsunumadouiniunnuasine 4 wui Snlnamiugeldsigensmdn s1gemnsses
wazqgasg ity waensgaldlnunadouvesdnlnannuduiuegadulddasioussuioutunislald
Inuna@ey nsldindwalidnlnaniugaldlnunadeuldaan (487.45 dadnudonszany) udlliarlndldes
fumslasulaunaonainundeauy q uenandu nslilnunadounaslsed &1 warlnunadeudiatnldan
Wmzaneanduthif wui dwalitrlnamugeldlulasiou eanea wuniidoy dinzd wasnouasld
Liunndnety waznudndiunisgaldszning kMg ludrumiedulndifsstudeldnuna@ounaslsd 1 uaz
Tnunadsuiadaldndmearsvanduthifuduwddiinumadon nsazausigemsvosininamiudiy
1‘1/1514'%3:631@&3‘1’7;111 EJﬂL*’iumi@mi%mﬁﬂ?hﬂmg%azauagjﬁim Turariidingduasnosunsdnlngavazauiiddu
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N uptake (mg/pot) Total P uptake (mg/pot) Total

Treatment
Stem Leave Root  (mg/pot) | Stem Leave Root  (mg/pot)

Control 12.04b 28.45 4.53 45.02 6.32b 14.56b 33.47a 54.35b
KCl 14.94ab 35.56 5.68 56.18 18.99a 30.11a 5.40b 54.50b
Ash 17.31a 35.65 3.78 56.74 18.65a 37.49a 5.73b 61.87a
PEA 14.71ab 30.27 3.89 48.88 20.28a 15.06b 5.27b 40.61b
F-test * ns ns ns x> * ** *
CV. (%) 17.30 23.22 33.10 24.15 25.48 19.15 7.61 11.65
Note: PEA = K extracted from ash; K application at the rate of 100 mg K;O/kg. ns: not significant difference; *, ** significantly

different at 0.05 and 0.01 probability levels; means with different letters within a column indicated a significant
difference by DMRT test.

M13°99 6 Nsgalilnuvadeuiasiaadouvesdiuinilne i

K uptake (mg/pot) Total Ca uptake (mg/pot) Total

Treatment
Stem Leave Root  (mg/pot) | Stem Leave Root  (mg/pot)

Control 39.44b  110.47a 13.28b 163.19b 8.20b 19.57ab 2.32b 30.07b
KCl 189.95a 204.12ab  23.81a 417.90a 21.11a 11.67b 4.43b 37.21b
Ash 170.93a  302.78a 13.74b 487.45a 18.12a 36.47a 10.94a 65.53a
PEA 141.02a 238.67a 15.07ab 394.75a 8.20b 13.21b 1.88b 23.29b
F-test - wox * o o * *% *
CV. (%) 13.22 16.24 27.17 9.65 12.89 32.11 47.21 22.07

Note: PEA = K extracted from ash; K application at the rate of 100 mg K;O/kg. *, ** significantly different at 0.05 and 0.01
probability levels; means with different letters within a column indicated a significant difference by DMRT test.

dl ¥ a a ¥ k%
M9 7 ﬂ’]SﬂWIGZJLLJJﬂUL"?JEJiJ“UE)Wm“UWQIW@m’J’m

Mg uptake (mg/pot) Total K:Mg uptake

Treatment . .

Stem Leave Root (mg/pot) ratio in shoot
Control 5.72b 9.68b 2.33 17.73b 9.73
KCl 13.62a 14.87ab 1.63 30.12ab 13.83
Ash 14.31a 22.90a 1.20 38.41a 12.73
PEA 18.25a 15.17ab 1.19 34.61ab 11.36
F-test o * ns ¥ i
CV. (%) 19.70 38.59 52.24 26.52 -

Note: PEA = K extracted from ash; K application at the rate of 100 mg K,O/kg. ns: not significant difference; *, ** significantly
different at 0.05 and 0.01 probability levels; means with different letters within a column indicated a significant
difference by DMRT test.
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Fe uptake (mg/pot) Total Zn uptake (mg/pot) Total

Treatment
Stem  Leave Root  (mg/pot) | Stem Leave Root  (mg/pot)

Control 0.03a 0.17ab 0.24b 0.4db 0.48 0.51ab 0.09b 1.08
KCl 0.02b 0.20a 0.5%a 0.81a 0.64 0.78a 0.19a 1.61
Ash 0.05a 0.16ab 0.23b 0.4db 0.63 0.4db 0.11b 1.18
PEA 0.0dab 0.07b 0.41ab 0.52ab 0.56 0.41b 0.11b 1.08
F-test * * *x *% ns % * ns
CV. (%) 22.56 28.47 16.11 14.28 21.35 19.31 25.01 10.90

Note: PEA = K extracted from ash; K application at the rate of 100 mg K;O/kg. ns: not significant difference; *, ** significantly
different at 0.05 and 0.01 probability levels; means with different letters within a column indicated a significant
difference by DMRT test.

M13199 9 MIgaldusanidawagneuaivesuiialnain

Mn uptake (mg/pot) Total Cu uptake (mg/pot) Total

Treatment
Stem Leave Root  (mg/pot) | Stem Leave Root  (mg/pot)

Control 1.36b 4.19b 0.72b 6.27b 0.003 0.008 0.01 0.02
KCl 4.32ab 4.34b 4.75a 13.41ab 0.02 ND 0.01 0.03
Ash 6.67a 11.54a 4.60a 22.81a 0.01 ND 0.005 0.02
PEA 4.85ab 8.96ab 2.83ab 16.64ab ND 0.008 0.007 0.02
F-test % xx * M 3 3 * }
CV. (%) 2592 19.20 29.67 17.05 - - 48.29 -

Note: PEA = K extracted from ash; K application at the rate of 100 mg K,O/kg; *, ** significantly different at 0.05 and 0.01
probability levels; means with different letters within a column indicated a significant difference by DMRT test. ND =
not detectable.

aNUTINANTIIY
dudAnunauuazndsugn

mu‘wiwmaaqLﬂusmmummwmmaaﬂ,uaumu Uttisols Auiliioifufiusautunse fanmidunsn
(pH 5.47) Asiialyifingn mu:uaummmimmﬁmmmﬁumm Auflounedilngdunsesosas 78 dwmaliinu
faquanivdsuuaslessus lnsnmsamdananlii fuillifmuiduiuifianugauauysalii meldluyssmdlneg
fianmenisfoutunaziunnyn vinliiAansgydesnemslaenszuiunserazaisldie Ssidudoudia
mugavanysalvesiy lnemsiiudunieinquarsinormslaiomslnunadeslusuvestoliiuau fseaui
deldtsnoniamfuieiad dwaliduiliiey SuvseTng lulasiou vloameSamiduuselowd uazlnunadouiara
1#idiu (Chen et al,, 2017) aonadesfuiifissnud ielddelnunadenlufudsalilmumadonfiduuslond
Tufiudiugedu (Htun, 2016) Weldiduaslnunadeuiiataldnidmzaneidunduthiu wuth fundsgniiad
wanazAnsilifiufiugedudnioodeisudsutuninmudilanunadosanislnunadounaolsd
dHowniduasinunadouiiadaldnnidmeasdandumduidfotuasisnshlniig dufundagn
dongnavlunszanaudahauluindftesuazAnisinlui wuir mslatageng o Wuuvadilnunadouunde
dwmaliundsgniienfiomuazamalwihfsdudefoutuninuudaiuay (el 2) aenndestuiifisngay
1 nstadnlududanaliaiiesy LLaxﬂ'wmiﬂﬂw%Lﬁuqﬁumué’mwﬁid (Ondrasek et al,, 2021) fetiu Aulu
Useielnodsdiulngjiiuiunse danugauanysali nisladwielnunadouiiatnldandmsarswandy
ihiulsifeusasisensyduiiesiuligduuisaduwaaiufulismevnsis laoaniginuaden unaidou
waznunfiealuaudneg
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nsseyulnvaItII eI

Flwanuildsulnunadenduiuanundeing q dmalfimings dmdnuie aAaueasnaes
drlnavuiindu nsewizarmgs fnudn msldlmuadeudssalidnlnamuianuguiutusg iy
deifteuiunslalld (i 3) nunaBeufiunumlunsmuaumsdatavesunly ilinszuiumsdaameinas
auldegaivsednsnm demalingasgiulalad (Osotsapa, 2015) aenandesiuranisldlelnunadeuse
dandinuin deldlmunadolududssalidnanaderugaiiniy suiehwinaauazuidunieiiu uay
snfinty (ELMageed et al., 2023) $mlnammdildsuTnunadonaniduasinunadoniiadaldandmeans
Lﬂ&hﬂ’léuﬁwﬁuﬁmmmaam'wmﬂa'ﬂsﬂWLmaL%staaiiﬁ (il 2a) fielaginludesnisinunadeniesas 2-5
vonimtinuis (Osotsapa, 2015) iuarinunadeufiadaldnnd myasadudiuivnadouuasundion
Hussdusznaveggs (M31edl 3) wiflway maqmﬂuﬂimmmiuaummiwLmamau wikAABeNLazwInTdyy
Husmownsiidanuddrenasiagiulnesiutuiu fuiu deRuiinuniluaaisuuasuuniideust (s 1)
msldiduasinunadoufiataldnnidmzaenaduihiuddsafinaniduesiusenou (el 3) Ssdawals
dnlwassydulalditu aonndesiinenui doldiddmalimisguasduinuaudnasdduresiugaduia
Lﬁmqaﬂﬁu (Hansted et al., 2023) ﬂﬁﬁTﬁLﬁwU%’UU§qﬁuﬂiﬂ%aﬁﬂﬁLmaL%slzuLLa5LLaJﬂﬁL?&auﬁwdmaiﬁmm%zytauim
wagnandntlnainseulnAndinisldyuvn (CaOH) (Damrongrak, 2019) ﬂ’]ﬂ?iLﬁﬁLLﬂ%z?hUiﬁﬁﬂjLﬁﬁmLauima%‘u
Lmeﬂiaﬂ,uﬂimmawummaimuwumaLLa dwalviituasyivlnanadldiguiu (Ondrasek et al., 2021) Luaamﬂ
rftrmdushe TuvasAnsldinunadeaiaialdmndmsaodndnhidfem (91971 3) ety
Usnaildiiieltidumadnunadeniufiedsddloluginaiiganiile

n3galdsinems

deldlwunadonainunassine q dsalvidninaninuinisgalilnunaifen weanesa unaon
wnfiBen uazumemiagendminuudilaildsuuadon Tnunadeuiiunuvddglunmudniuagsnoms
Tuafieluleauuazdionisiauvessesluuiidaslunisiasagiiulnvesiiy (Osotsapa, 2015) iefiwiinas
Wigiuladdsmalinisgaldsinomsiiisiu nislddidmalidinanugaldunaifon wunfiou wox
T,WLmaLsﬁauqaﬂ’jm%muﬁﬁl@jﬁmﬂdlﬁﬂ (Ondrasek et al., 2021) Wuieafumsladuazinunaifesfiatnlaan
mganeianduigu finui fudinisgalfinunaiBeulfifistu (1919 6) iuaslmuadeniiataldanid
nrareaunduituduuasessnudnlsianis Inunaden s1memsses (1319 3) wazsniludsgasy
(Angchuan et al., 2015) emLﬂummmmsmmLUqumimmm‘uimaawm

agunansideuasdoiauauuy

Tnlnemuiivgnlufuitinuadensdlold Sulnunadonfiududmalidninamminisaigduls
Fruaugs tundukIugugnansdfy saviemiinanuazus wazn1ageldinunadeufivgedu nisldiduay
Tnuvadeuiiataldand meanedhdnimidinamsasyivinvedinliunnsiy winsladuasnumagond
afaldnnidmeasidduidudaaialidninamugalduaaifouasuund fon suvieieliiundsugn
fuwaltfuvesarion nunadon waruradoulufudingiudeoioufiouturinuudauey fafu nsldid
waslnmadonfiafnldnnidmsarewadmiduansoldduumdonadenfinwadouuifiold ogrdlsfon
mstimsanwiiududsanmsladiluanmuameasstuileulsznnsng 9 lufivmane 9 wliasely

AnAnssuUsEAA
NuiTeaduildsunisatuayuainyueanyunsideiieIne1inus Usedndeuuseunu 2567 uay
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