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Effects of Oil Palm-derived Biochar on Plant Nutrient Availability and
Phosphorus Solubility in an Acid Sulfate Paddy Soil
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ABSTRACT: Oil palm cultivation has been extended to acid sulfate paddy soils in the Thailand’s
central plain. Palm oil industry, however, produced several of the biomass wastes that are
potentially utilized as a soil amendment. This research aimed at investigating impacts of oil
palm biochar (OPB) on chemical properties, plant nutrient availability and phosphorus (P)
fractions in an acid paddy soil (Rangsit series: Rs). Four treatments were included the soil
incubated with OPB at the respective rates of 0, 0.5, 1.0 and 2.0 ton/rai under saturated conditions.
Results from a 16-week incubation revealed that soil OPB incorporation slightly increased pH,
and increased the amounts of Bray—Il-extractable P, CaClz—extractable Si, and NHAOAc—extractabLe
bases. Results from the P fractions using a five-step sequential extraction demonstrated that
P associated with poorly crystalline Fe oxides (F3, 81%) and crystalline Fe oxides (F4 = 9.5%)
were the major P fractions in the studied soil. Fractions of P bound to Al oxides (F2, 6.7%), P
bound to CaCo, (F5, 2.8%) and soluble and loosely bound P (F1, 0.035%) occurred at minor
extents. The OPB application increased P in the fraction F1 that is the most available fraction
to plant. This study highlights a potential role of OPB in enhancing the availability of P, K and
Si'in acid sulfate paddy soils under saturated conditions.

Keywords: Agricultural waste, phosphorus fraction, sequential extraction, soil biogeochemistry,
soil fertility

Agricultural Sci. J. (2017) Vol. 48(2): 270-283 2. AN, nw. (2560) 48(2): 270-283

270 Agricultural Sci. J. 2017 Vol. 48 (2)



UNANYD

n1sUgninauindiuladnisvenedigiuu

Y
3

Wiadalunianansveslng egslsfany
gaanssuduihiulivondeTunanasiiads
fdnenmlumsldifutaguivustu ouidedd
ToquzasdiioAnwmavesnisldauianinain
Unduiisfu (OPB) soauifivaail aradu
Usglevilrassmeimsiiviardnaiuvasoanasa
Tufuundieadn (yaRusadn: Rs) Tnevinisuuiu
ffutuiinmanirduiilusng 0 0.5 1.0
uay 2.0 fustelsluanndadr wansuuRusses
a1 16 dUai uansliiiugl n1sld OPB awnsa
Lﬁuﬁm@mﬁﬂﬁaa LLayLﬁuU'%mmsuaaWaaWa%’a
fiafingnethen Bray-Il Sameuiladnde CaCl_uaz
ueslopauan aTataldfetie NH OAc KA
msfnndnduseleaiesalufudieismsain
Beddu 5 Fumeuwuin Weawealuudnilve)
ogluguiiadraiussiumdnoenlas ifindnlyl
auysal (F3, 81%) uazguilAsadestuinan
oonludiinananysal (F4, 9.5%) drumeaviada
Tusuilaiafusefuegiitueenles (F2, 6.7%)
WoanedafiadreusyAunaaifouniduoiun
(F5, 2.8%) wagroavlasafinzarethlduazaing
Wusyuwuueeu 9 (F1, 0.035%) wuluuSunuties
niwleamle3afiaisiusyAumaneenld nsld
opB uinmoaeddlu F1 Fudusuiiduusslon
sofivgaan nmsAnwiiandlmiiuisdneninues

OPB sianisiuauidulselovivasnaanasa

Tnwnaldey wazdamsuluduudselrsnniegls

AN

AFNALY: VBRAENNNITNYAT, dndrunaanada,
N5ainleaAy, Ty, Anuenauauysel
YDIAU

UNiI

Aunsamueau (acid sulfate soils) MiTofu
Wiendn uduiiinnaeneudsfinmsazauves
uswandalue wu Inlsd (Fes) Tuannidndu
Serunssuiunseondiaduasyiliiiansn
gy usmanlansonlas wazusailsled
(Jar05|te) (Fanning and Rabenhorst, 2008)
fuuisadadindaninenudunsnguuseunn
(pH < @) viliisglavie Wy wdn uawozgiliy
snvasaeensnlussdufifuivsofty uensint
aududsslovivemeanedaluiuuioidn
fnegluszdum 1ieanniingnaalasusindn
wavozaluuoanledluiu wazdnananowduus
awnsulad (FePO, 2H 0) uay3alast (APO .2H O)
MRy (Johnston et al.,, 2011)

NMuifuwusoadaludszmalneiiidod
Useana 5.3 auls @wluenszaredmluuiiu
fsuguananansUszanas 4.8 &1uls (Attanandana
and Vacharotayan, 1986) fuSendnsinldiite
nsUgndmlueavalseniu Ingdnuudaine
wsluoynavuedunieavesiud Sndushu
willealungu 2:1 1WWuusiaw Uanjirawuttikul et
al., 2011) u@nstsruaIINvesAulunsAnAY
5 WnIIY ogalsinu Audsnanidesiinen
anmandunsndisunss fmsazanevessin
langluszavas wasinnudulselorivessig
Woaneasi

fuTnm (biochar) Wuanidiasusugs
WinInN1TWUsANINA8NIZUIUNTT b LS lade
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vasansazanuviinu 5.5 innisindievlngld
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= 3.0) wanaliiuifus1adians

fuzdu (89 Fsnseandladansusenouruedu
Tngoendiaulutiuazoinia lhAnnsadadia
3ndaduanmgiilvAuianimdunsnguuss
(Prakongkep et al., 2012) Anstlwiveshiu
ogluszduinnn (EC_= 0.50 fadfiuudsie
wuRung) wansliduinnuiivinandefiazans
thean dutiinuansueudunisveshuegly
5EAUEININ (3.9%) Feaonrdoatunisiusiu
wiloaseian 2:1 LagnisiannuquaniUdsy
waslooaulusziugeunn egslsfinny Usuw
Tulasiausiueglussauuunans (0.27%) Usuia
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Table 1 Physicochemical properties of the studied acid sulfate rice paddy soil (Rs—R) and oil palm biochar

(OPB)
Material H EC OC Total N Avail. P Extractable bases CEC BS EA
aterials P (mScm-1) (%) (%) (mgkg-1)  (cmolckg-1) (%) (%) (%)
HZO KCl HZO2 Ca Mg Na K
Rs 3.6 3.1 30 0.50 3.9 0.27 7.9 44 1.6 068 0.81 35 24 35
OPB 9.4 - - 53 - 1.6 798 19 14 34 99 53 - -

EC = electrical conductivity, OC = organic carbon, Total N = total nitrogen, Avail. P = available
phosphorus, CEC = cation exchange capacity, BS = base saturation, and EA = extractable acidity

wansAnuwiinusaiiadalddaedn (water
soluble) wazUsanasnstavun (Table 2) wui
sidnuavevgiunlufuidaduusunnsie
flafalddaoiinouiuiusigimuagainf
5.6% uag 2.3% nuaiu wandbiiiuinaull
Aanssuveamdnuazergiitiugs Fsenveglusesu
Adufiwsiofi uavervduadunismnpznouyes
sleanesaluaisazanefiudneie (Mortvedt,
1980) Fainmsisvunsziuadufivies
wanuareralidulufuuansisiuluaiuisnig
afin eg1alsfiny dvenuifonansliiiug
Usinaumdnuazezgitiluansazarsiuiigeni
10 uag 50 HadnSusiedns aud1du oanelv
Wnmuduiivsoiy (Alvarez et al., 2005;
Sahrawat, 2005) uanainil afidndruTiuna
s1alnunadeudiaialddasiiseuTuimsig
Faungauviity 8.4% uansliitudTnunaden
dalvgjoraegluguilsndenisazarsuasiiu

Uselewdsofivlden diusindu q niguitadala
ArstuwarUsuaianuanuluUianuaneng
NuUAUTEAUL I

auvaniaaiivesaiudanwannunduiingiy
dudrnmandnduiguiildvinnsine
fafonuasdnunn (pH, _ = 9.4) flfinsih
Il lusefuunans (EC = 5.3 fadtwudse
wuiwes) dudnndiveanesaniiduusslon
ludSuugaunn (798 fadnsusienlaniu) 3
wingaudanslfidutanuiuugsAuntidym
ananduussloniveseanadas uananissdl
ﬂ'%mmmm%smﬁLLamUﬁwlé‘Luszﬁuqq (19
wuiluasienlansy) uunilil@eun (14 wudluane
Alansy) Inuvalden (99 wudluaneilansu)
wazloion (3.4 wuiluasenlandy) fiadalaly
USunaugasnn wazfiAAnuquaniasuuanlossy
Tutsinafigeann (53 wuiluasedlaniy)
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Table 2 Concentrations of water soluble elements, maximum acid soluble and NaOH-microwave
digestion pools of elements in the studied acid sulfate paddy soil (Rs) and oil palm biochar

(OPB)
Element Rs OPB Rs OPB
Water soluble (mg kg-1) Aqua regia (mg kg-1)
Al 1,004 (2.3%) 61 (11%) 43,934 536
Ca 289 (8.3%) 332 (3.0%) 3,492 10, 929
Fe 223 (5.6%) 12 (3.6%) 4,011 336
K 149 (8.4%) 15,693 (37%) 1,770 41,742
Mg 99 (7.1%) 118 (7.1%) 1,394 1, 667
Mn nd (nd) 5.2 (3.0%) a2 171
Na 137 (20%) 508 (12%) 684 3,971
Ni nd (nd) nd (nd) 0.11 4.6
Pb 0.81 (20%) 7.2 (26%) 4.9 27
Si 7,283 (4.7%) 6,272 (6%) 7,728 (155,477)* 2,892 (102,898)*
Zn 0.65 (3.6%) nd (nd) 18 a5

Note: nd = not detectable; values in the parenthesis indicate the relative fractions of water soluble

elements to total concentrations

" = detectable by NaOH/H O, digestion

dutanmanUdutsusidnd i
slnunaidon (379%) fazaneildluzinugs
110 wandliFuidudanmaindiduiudy
Fagisidneamlunisiunlfiduuna sy
TnunaiBealuguiiaraetléitud uennis
Yanmaanaigadl leney (12%), wuniideu
(7.19%) uazuaaiTen (3.0%) fiazanenilligs way
fianoufiaraeihligeds 6% Sedanoudaidusy
wulsrleviluivvaneviln lnglaniziivnsena
111 lesnTaneutioifinmnusumuvesity
Mntadefiierdesiuddi@in wu lsn wazusas
Angiy wardadeaindslaiidin 1wy n1svin
Woanesa aulufivvenndn waresalidy
n1511Ath wazAAL (Pode, 2016)
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Xu, 2012) @111509788NTTAUNLDTAY Lazan
Usunaunsediwaniaeulslufiunsndn Taenisuy
Ausuiugudannwlusng 0.64% w/w fiian 16
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16 §Un¥ FovRuiindu 0.08 mize (Fieure 1a)
dudndindinend (€ ) vesiiedmuiirragluiide
233-438 mV wasiunmsTBRAM LU
anmihdsluyndnsesnisldamdanm (Figure
1b) wansdrAuegluanimeandintunasnnis
naaes Jaoraidumainan UjAsenseandiadu

Y9a15UsEnaudala budiag19iu 399inTR

AN AN llanaInIunITUNAY

Ysuruednesaludnsazatsfu uaz
Uunamaanedariduuselov
| Usunauloavesaiiatnde 0.01 M CaCl,
Fegniiansaninduneanesaluaisazaisfiu
solution P) fiftwaunsalduszlowlesiud
readily available P) fuusltnfindunuszey
narlunstuauluanin i Tnafistuain 0.023
Ju 1.3 fadnsusedlansu ludUannifl 16 v83ms
naaadludiFunluAy (Figure 1c) usin1sldanu
Fanmlsifinasomsdsuudasmnundulsslowd
voseanesaluaisasarsfu diuusuiw
WoanweSaiatadetien Bray-Il Wndunuszes
nadnih Tnaaenndosturloanedaluaisavane
fiu st uemeanedaiiuusslomionadu
NaN1AINNNSENSESUYRsToTAUna T Fean
ANULTIussvaausylun1snsswoaaanesaiu
ponluduainan LLauavauum (Masulili et al,,
2010) uanmnuWaaWaaamLﬂuﬂiﬂmumL‘wmu
AUATIOUTINN Laansiaanudinwlugn
0.64% w/w SUsanauleaniesafiduuslovigean
Tnewfinain 5.4 Ju 18 fadnduseilansy Tu
FUaiifl 16 (Figure 1d) losannmsldanudnnim
vnlfovvespuiinduvhlisunameanodaly
sthmﬂuﬂsﬂsmmwmu NIDN1TAZANYUDIUNGD
wgaL‘V\Imwﬂmummwiuamwmmuaﬂmﬂua'm
Junaunannisgaduvesaiudanmivesnlys
maamamLa auauuﬂumu Fadunsansmunis
Wumwawﬁuamﬂmawﬁmaﬂ wavoraiiiueanles

(
(

dmsunsmsaneanesa (Chintala et al, 2014)

Usunaudaraumdudselovd
AsuNAuluan Ingatln denaliuSuns
FamouniduuszlosdlusiFumuauiiusunauig

v
=

Funn 6.7 1 30 Sednsuderlansy uazilegs
mams[,uaﬂmw 10 (Figure le) wena Nt m{La
awummwmﬂmammuﬂunﬂmsum'ﬁmaaq
ansniuUsinadanouiilulseloviludunv
wINTBININAAeT wasfiuduegretmaludun
7l 6 Mnthulsinadaneuiimanadndifesiuiiu
AIUAY MieadurainannisUanldesaney
Mneutinmgansazaneiu Seluludasn (HO,S)
Tuansavaneausagnaeduivuseenludvesman
wazergiiuluauluaninnse (pH ~ 4.0) uazan
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Figure 1 Effects of OPB applications (0, 0.5, 1 and 2 ton/ rai) on dynamics of pH (a), redox potential
(b), soil solution P (c), Bray-Il extractable P (d), 0.1 M CaCl, extractable Si (e), extractable Ca
(f), extractable Mg (g), extractable K (h) and extractable Na (i) of the studied acid sulfate

paddy soil under saturated conditions
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Figure 2 Results from the five-step P sequential extraction of soil samples treated with diverse
rates of oil palm biochar (OPBO_S, OPB,  and OPBZ_O) under flooding conditions. The
extracted fractions are given as percentage of the total soil P content determined by
the sum of all extracted fractions (F1 to F5)
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