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ABSTRACT

Releasing Pottern of Applled Phosphorus and Distribudien Change of Phosphorus Fractiens in the Acld
Uplund Solls with Suceessive Resin Extraction (A. Hortonoj: The relensing pattemn of applied Poin the acid
upland soils and the sofl propertles Influencing the patteen wers studied, Surfece horlzons of six acid vpland znils
from Sumntr, Java and Kalimantan were used in this study, The releasing pattorn of applied P (300 mg P kg'') of
these solls were studied by successive resin oxtraction. P frectionation wus cenducted to evaluate which Fraclions
relensed P 1o the soil solution afler successive resin extenction. The cumuelative of resin-Py e (P} release of soils
was filled 1o the Grst order kinetle, Regression analyses using factor scores obtuined from the previous principal
companents analyses was applied to determine soil properties influencing P releasing pattem. The results suggested
that the muximum P release was significantly (P < 0.05) increased by acidity plus 1.4 nm mineral-related fRotor
{PCy) 1.2 exchangeable Al and 1.4 nm minerals {smectite and vermiculite) and decreased by oxide reloted fuctor
{PCy} Le. aluminum (AL} plus /2 iron (Fe) {by ammoniuin oxalate), ceystalline Al and Fe oxides, cation exclange
capacity, and clay content, P feactionation anelysis after successiva resin extraction showed that both labile and [ess
labile in tha form of MoHCOs-F; and MNaOH-B, fractions, respectively, can be transformed into resin-F; when in the
mast loblle resin-F; [5 depleted. Most of P released in high oxides soils were from MaOH-P; fraction while in low
oxides soils were from MaHCO-P,, P releuse from the farmer fraction resulied in e maximum P release lower than
that af the lutter ope, When NaHCOy-P; was high, NaOM-P; wos relatively more stable then MoHCOs-F; despile
resin-F; removal. WaHCO,-P) and MeOH-Py are very importent P ofractions in replenishing resin-P; in these neid

upland sails.
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INTRODUCTION

Mlost of the upland soils in [ndonesia amne acidic
in reaction and found to be deficient in available
phosphoros (P} Acid soils account approximately
57% of total vpland soils and are developed from
different kinds of parent materals (Subagyo ef af,
2000). P fertilization 5 a key componenl for
increasing soil produstivity in these acid vpland
soils,  Transformation study of applied I in these
goils showeed dhat much of P fertilizer in soils with
high amount af oxldes in one cropplng season (940
drvs) was transformed to chemisorbed sluminum
(Al and iron (Fe) oxides while in soils with low
amount of oxides wasz  transformed not  only
tachemisorbed to Al and Fe oxides but also on the

surface of Al pnd e oxides (Formono &f af., 20006,

P forms dictate the P release to soil solution.
The P release in acid upland sails from P bonded by
Al ond Fe oxides in thesc acid soils are nol
evaluated. [t is essential to know the long-lerm
effects of the applied P in the soil. By using
suEccessive resin extraction, there is possibility o
study  the lomg  term effecl due o the
characteristic of anion exchange resin as reporled
by Amer ef of. (1955}, Sibbesen {1978}, Dalal
£1985), and Yan Raij ef e, (1386). They reported
that in determination of available T with anicn
exchonge resin extractions, available T ecorrelated
well wilth plant P ouploke.  The resin aels  ay
o sink  for desorbed I in the same waiy as planl
roats.  Recently it was used to evaluate  the
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release patteen of P in heavily fertilized caleareous
warils ond limed acid soils (Delgado and Torment,
2000) and in typical mediterranean soils {Saavedra
and Delgado, 2005). Since the uze of resin does nat
disrupt the chemical structure of the soil, it should
De possible to make a series of cxtractions from one
s0il snmple allowing the examinntion of the release
charncteristics of soil P from stronger P bond over
time,

The I releaze characteristics may be different
smang soils with high or low amount of oxides due
to difTerence of sail properties. The objective of the
study were to evaluate the relensing pattern of P an
soils with high amount of oxides and on soils with
low amount of oxides using successive rosin
cxtraetions and 1o evaluate the distribution change
of P fractions afler successive resin extraction.

MATERIALS AND METHODS

Soil samples. Surface horizons of slx acid
upland soils from Sumates, Java and Kalimantan
were used in this study. These soil samples were
selected hased on the results of P transformation
study {Hartono ef af,, 2006). Based on the results
of that study, PD1 (Sumatra), Pringsurat (laval,
Darmaga (Java), Gujrug (Java) represented soils
with high amount of oxides. While Kota Bangun
{Kalimantan) and SM-BF (Kalimantan} represented
soils with low amaunt of oxides. For convenience in
discussion, soils with high amount of oxides is
called hiph oxides soils and soils with Jow amount
of owides is called low oxides sails.

Parent materials and sclected chemical and
physical properties of the soils arc listed in - Table
1." The methods to abtain their values were
deseribed in Hartono e af. (2005),  Dominant
silicate clay minerals in soils from PDM wers
kaolinite and Al-interlavered vermiculite-chlorite
inteegrades, while soils from Pringsurat and
Darmaga were kaolinite.  Dominant silicate clay
minera! in soil from Gajrug was smectite, while
coils from Kota Bangun and SM-BP were kaolinite
and vermiculite,

In the previous study, the prineipal component
unalysis (PCA) was applied and three principol
components  (PCs) were extracted  from  the
chemical ond physical properties of 13 original soils
(Hartono et al,, 2005).  PC; was interpreted as an
axide-related factor (amorphous Al and Fe oxides,
crystalline Al and Fe oxides, cation cxchange

BR

Table 1. Some chemical and physical propertiss of the soils used,
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Tabel 2. Factor scores of PC), PC; and PC, of Lhe soils used,

Soil samples Fuctor scores of PC) Factor scores of PCy; Factor scores of PG,
High fixlng

DL 2,00 -1.55 .89
Pringsucat 0,48 =1.08 098
Darmuga 0,60 -0.15 0.29
Crjrug L.B8 28 .67

Low Mxing

Fota Bangun <137 0,02

SM-BP =105 .01

capacity and clay content). PC; was inlerpreted s
an acidity plus 1.4 nm mineral-reluled factor
{exchanpeable Al and 1.4 nm minorals i smectite
and vermiculite), and PC; was interpreted as an
organic carbon (C)-related factor (organic C end
organicelly bound Fe). They were vsed again to
deseribe soil properties in this study. Factor scores
ot PCy, PC; and PC; of the soils wsed is presented n
Tuble 2,

Incubation procedure. Duplicate 1 g samples
were treated with 300 mg P kg™ soil as a solution of
KH:P0y, mixed thoroughly, und incubated for 30
days ot 25" C and 80% of field capacity. Controls
withaut P addition were also included for cach soil.
30 days was selected as a period of incubation,
because mast of selected soils in this study ceached
their equilibrivm of P transformation in 30 days

(Hartono ef i, 2006) The rtesults of T
fractionation according to Tiessen and Maoir {1993}
method of these sclected soils after 30 days
incubation based on the previous P transformation
study is presented in Table 3 (Martono ef af., 2004).

Successlve resin extraction procedure. Two
resin strips oversaturated with bicarbonate and 30
mL of deionized water were applied to | g of soil in
50 mL centrifupe tubes and then shaken for 16 h,
Resin strips were removed and washed with
deionized water aver o plass vial. Any soil trapped
in the resin strips and lost from the bottle was
callected, dried, and the weight loss was taken into
account i the caleulations of the smount of P
cxtracted, Resin strips were placed in a clean 50
mL tube and applied 20 mL 1.5 mol L™ HC and
shaken for 16 h, Afer that resin-F; was determincd,

Tahle 3, P distribution of 300 mg kg’ P added after 30 d of incubation.

s e NaHCO-P NaOH- HC-TY

Location  Depth {om) Resin-F NaHCO.-F,  NabHCOnP, Naoil-P, NiOH-P, Recovery ()
SRR S MEKE? .

High fixing
PO 0-14 &l 34 0 153 0 2 83
Prinrsurat 0-49 T2 37 0 143 19 8 Lod
Darmags 0-13 108 23 2 131 4 2 ok
Gajrug 0-14 144 9 5 115 34 2 16
Low fixlog
Kota 04 124 B3 0 4 0 I &
Bangun
3M-BF 0-11 ] 105 0 a2 0 I B3

ag



A. Hartore: Releashne Patterst and Change af Phosphorns Fractfons with Rexsin
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Figure 1, Flow chart of the P fractionation info various inorganic- and organic-P fractions.

The resin strips was removed, washed and
repenerated for further use s deseribed by Saggar
el af. (1990) and Tlessen and Moic (1993). The
extraction of P from each sample was continued by
placing a regenerated resin strips in the original
centriluge contiaining the sail and water suspenaion
and the procedurs was repeated, A set of cight
successive extroctions was performed. The values
weore obtained by subtracting the relemse resin-P
with those of contral.

P fractionation, Afier a sct of cight
successive  extrections, P fractionation  was
performed to evaluate the changes of P fractions. P
fractionation procedure was described in Figure 1,
Characterfzation of sequential soil P oxtraction was
explained as follows: {i) resin-1% was interpreted os
P that iz readily available to plant, (i) NakCO,-F;, -
Pirganic (Po) were interpreted as P which ace strongly
eelated to P ouptake by plants and microbes and
bound to mineral surface, (Mattingly 1975; Tiessen
and Moir 1993) (iii) MaOH-P;, <P, were interpreted
as P which are mare strongly held by chemisarption
to Foc and Al components of soil surface and (iv)
HCL-Py was interpreted as Ca-P of low solubillty.

Q0

The walues were obtained by subtrecting control
from the recovery of P fractions.

RESULTS AND DISCUSSION

Suceessive Resin Extraction of Soil Samples

The cumuolative of resin-F; released by soils are
presented in Figure 2. For describing the relensing
of P pattern, the data was fitted to the first order
kinetic as written below:

REﬁin.Pi =g E]_E'\-'-'Inl.mlllr uFmIm:IiunI-J

where the constant @ is the maximum resin P
release and & is the rate constant of cumulative
resin=l%  relensed per resin  extraction.  The
parimeters of the equations are presented in
Table 4,

The & of soil from Gajrug was the highest
amang the soils (Table 4). Soil from Gajrug had the
hiphest factor score of PCp in the soils indicating
that this soil bod high exchangeable Al and the
dominant silicate clay mineral was 1.4 nm mineral
(smectite). Exchangeable Al and 1.4 nm minerals
of which smeetile and vermiculite were common in



these acid sails were reported decrensed the P
sorption maxima {Hartona e af, 2003) It
suppested that exchangeable Al associated with
smectte inereased k value of resin-Py released from
s0ils,

P soil exhibited the lowest @ value (Tahle
4}, It was duc to high factor score of PC,. The
slepwise  regression  showed  that & value
sigmilicantly (£ < 0.05) decreased with increasing
of PC; and increased with increasing of PC; as in
the equation below:;

o= 100 - 183 PC, + 14.8 PC; (R =0.88%)

PC; which is C-refated factor {organic C and
organically bound Fe) wes considered as not
component o estimate @ value because PCy; made
the equation was not significant statistically.

P desorbability was reparted to decrease with
increasing Al -+ Fe, {Lookman ef al, 1995
Maguire ef af., 2001; Vadas and Sims, 2002), This

J. Tanah Trop., Vol 13, No.2, 2008: 87-%4

result suggested that not only oxide-related factor
where Al, + Fe, was ineluded but also the presence
of exchangeable Al which is associated with 1.4 nm
minceals should be included to estimate P
desorbability fn these acid wpland seils. Due to
low factor scores of PCy the @ value of twa low
oxides soils Kota Bangun and SM-BP was higher
than thet of soil from PDI, Low foctor score of PCy
caused sipnificant amounts of P distributed in the
NaHCO-P fraction (Table 3).

Two high oxides soils Pringsurat and PDI1,
esxthibited the quite difforent pattern in maximum P
relepsed. Althoueh their rate constanis were similar
but scil from Pringsurat had a higher o value
{maximum P releasc) than PD1. This is because of
factor seore of PCy of FD soil was higher than that
of Pringsurat soil. It meant that PD1 soil had higher
amaunt of oxides than that of Pringsurat seil.

250 T
* o
o e F o oaom
& 200 + g = =
P . = : b 4 X # Darmage
E [ ] y A ™ W Cajrug
E 150 + * = - A Pringsurat
i * v % PO
.g ¥ * - e * Hota B
% l.m =l ! - 2 L&] anmin
B SM-EP
o A =
R
0 o 1 ; { 1
D 2 4 (] B
Humber of extraction

Figure 2. Cumulative of resin-F; release extracted by successive resin extraction.

Table 4. The parameters of the equation,

Loention [hepdls (cam) k Af{mg P kgh F

High fixing

oL 14 040 128 0,975
Pringsurat (-4 0.46 190 0,985
Docnagn 0-13 0,64 158 0,945
Gujrig 014 0.8% 205 D914
Loaw fixing

E.acn Banpun b=t 0.53 232 0972
akd-Br 0.1 0.21 200 0,995
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Table 3. P distribution afler successive extraction excluded resin-Fy of 300 mp P ke added P.

: MWaHC - MaOt-P
\ HCI-P
kacation Depth (6m)  —RFiE0, P, NaHCOWF,  NaOH.P,  NaOILF, '
........................................ SRR S e A e
High Nxlng
PDrl 014 g ¥ 100 12 l
Pringsurat 0% 7 L 72 L : 3
Darmaga 13 q 2 64 L] 2
Gajrug 014 3 I 48 2 Z
Low fixing
Kota Banpun n-4 £+ 0 27 0 z
SM-BP =11 a1 0 7] 0 7

The Changes of I Distribution after Successive
Resin Extraction of Soil Samples

The changes of P distribution after succossive
catraction of soll samples was evaluated (o
investigate how P oreleased from P ostronger bond
fractions. The P distribution after successive
otraction of soils samples except resin-P; is
presented in Table 5,

The amounts of NaHCO:-Py and NaQH-F, were
decrensed after  successive resin  extraction.
Compared to inilia]l P fraction diswibution (Table
31, it suggested that both labile and less labile P; in
the form of MaHCO:-Py and MNaOH-P; fractions,
respectively, can transform into resin-I; when the
resin-F; decrense, The resin-P;, NaHCO3-I%; and
MWaOH-*; appeared to be in equilibrivm, Most of P
released in high oxides soils namely Darmaga,
Gajrug, Pringsurat and PD1 were from MNaOH-P,
fraction while low axides soils, namely Kota
Bengun and Sh-BP weore from NaHCO4-P;,

Contribution from NaHOO-F; and NaOH-P; to
the total P released from 2" to 8" extraction were
caleulated from the decrease of the dale of T
transformation experiment {Table 3) compared 1o
the date of P distribution after successive extraction
{Table 5.

The total P relessed from 2™ o 8" is presented
in Table &, The percentage of contribution of
MaHCO-P; and NalH-P; to the total P released
from 2™ 1o 8™ extraction is presented in Table 7.

In high oxides soils (PO, Darmaga, Gajrug,
Pringsurat } more than 60% of P release derived
from MaOH-P; while in low oxides soils {Kota
Bangun and SM-BP) more than 50% P release
derived from WNaHCO-P; ond only small amount P
release derived from WaOH-P; [racticn. In soils
leom Kota Bangun and SM-BI* there was 28%
contribution of P released from unknown fraction.
This was probably derived fram residual P.

Table 6. P released in the form of resin-P; from 1% to B extraction and total P released from 2 to 8%

extraction.
[ ocati Drepth Extraclion number Total P released from
il em} 1 32 3 a4 3 & 7 8  2ink" eseetion

High fixing

PO 0-14 49 2] 16 I 5 7 7 & 7
Pringsurat 0-2 7 n 24 15 11 ° 11 ] 115
Darimaga 0-13 logp 33 16 15 12 T 5 5 a3
Gajrug 0-1d 132 3] 18 11 8 & 5 4 83
Low fixing

Kota Bangun 04 oy 43 25 20 I3 1 12 3 126
Sh-BP 0-11 43 28 22 & I5 13 14 10 120
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Table 7. Contribution from NaHCO:-P) and NaQH-F; fractions to total P released from 2™ to 8™ extruction.

. Ferceniape of Percentage of - Parcentage of
: :E:«LI ;ﬂ:ﬂ: ::-M Cieifahie ‘l:',f NaHCOs-P; D"Tﬁfﬁ_]ﬂ_;f NuOH-P;  confribution
b extracthon NHH]E'E’] ' contributlon / S Dk .IJ conteibution  of unknown
(mez P ke (mg Pke) (%4 T8 (4 Fraction {3}
High fixing
FI¥ 7 23 32 53 Y 0
Pringsurat 113 30 26 ol Ta 0
Darmnaga 93 12 L a7 T2 g
Gujrug 43 6 7 69 #3 10
Low Fixing
Kata Bangunt 126 &9 55 22 17 28
SM-BP 120 75 63 11 9 28
Among the high oxides soils, NaHCO;-P, CONCLUSIONS

which originally accupied a small portion, seems ta
be firstly depleted. According to Table 3 and 3, the
amount of NaOH-P; which was left in that fraction
after the successive extraction was higher (65%) in
the soil from PI¥ than in the soil from Pringsurat
{44%), suggesting that P in PD soil were more
difficult to release than that of Pringsurat 501l due to
higher factor scores of PC).

Conecening twa soils from Kota Bangun and
SM-BP, lower amounts of P was celeased from
MWaOH-P; fragtion than that from MaHCO-F; (Table
7, indicating that NaHCOs-F, was released first
when resin-Pi decrensed. These two soils
accumulated 300 mg P ke added P in significant
amounts Into NaHCO,-P; fraction (Table 3). When
NaHCOs-P; was high, NaOH-P; was relatively more
stable than NaHCOs-P; despile resin-F; removal as
shown clearly in soil from SM-BP. The results
supgested that NaHCO,-Py and WaQH-F; are very
important P feactions in replenishing the labile
resin-F; in these acid upland s0ils because
aecnmulation of added P mostly in these fractions
und they can be readily dissolved. 1t was reported
by Beck and Shanchez (19943, Gua ef af. (2000),
and Zheng e af, (2003, NaOH-P; was not a static
fraction, instead it declined wnder crop, However
for comparison, in Andisols the P replenishment
from this fraction was very slow as reported by
Beck ef of, (1999), Tt sugpested that chemisorbed P
which partly to erystulline Al and Fe axides [n these
soils was different from chemisorbed P 1o
amorphous Al and Fe oxides in Andisols in term of
bonding energy of P sorbed.

The stody suggested that exchangeable Al
which is associated with smectite increased rate
constant of P released from soils.

The maximum P released was decreased by
oxide-related factor e, aluminom (A plus [/2 iron
{Fe) (by ammonium oxalate), erystalline Al and Fe
oxides, cation exchange capacity, and clay content
and increased by acidity plus 1.4 nm mincrals-
related factor ie. exchanpeable Al and 1.4 nm
minerals (smectite and vermicuolite).

P fractionation analysis after successive resin
extraction showed that both labile and less labile B
in the form of NaHCOy-F; and MaOH-F; fraction,
respectively, can transform when in the resin-P; is
depleted, Most of P released in high oxides soils
were from NaOH-P; fraction while low oxides soils
were from NaHCOs-P, where P orelease from the
former fraction resulted in the @ value lower than
that af the latter one. When NaHCO:-P; was high,
WaOH-P; was relatively more steble than NakCOy-
Pidespite resin-P; removal,

WaHCO-F; and WaCH-P; are very important P
fractions in replenishing the most labile P {resin-P)
in these acid upland soils.
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