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ABSTRACT

Existing Versus Added Soil Organie Matier in Relation to Phosphorus Availability on Lateritic Solls (F.H.
Yusran): Lateritic soils (Ltisels and Oxisols) are commonly cheracterised by high phosphate sorbing capacity due
e the 1ype of clay and present high content of aluminitm (Al} and iren {Fe) axides, Addition of fresh oTEAnic matter
{OM) may contribute fo management of these soils by releasing more bicarbonate-exoactable phosphorus {BP)
thraugh organic phosphiorus (OF) transformation, or by the soluble component of OM additions desorbing phosphate
by ligand exchange. I is not known, however, whether BP results solely feom addition of new OM {by either
mineralisation or desarption) or from transformation of inlierent or pre-cxisting in soil. We considered that remaving
the existing soil OM and replacing it with an equivalent smount of new O may help to resolve this issee, especially
with respect to P ransformation afler OM additions, Three lateritic soils of Western Australia (including a deep
regolith material with very low inherent soil OM (SOMY) were used, und sub-samples of e (hree soils wene
combusted (450" C) to obtain soils effectively free from existing OM. A further sub-sample of e soils was nol
combusted, Both soil groups, receiving the saine amount of organic ¢arbon (00, from B0 tan ha™ biomass + soil QM
or bicmass equal o soil OM) from peat, wheat struw {Friticum sastivnm L.} and luceme hay (Madleapo sariva L),
were incubsated for nine months, Soil bicarbonale-extractable P as wel] as non-extractable P (NP, measured as Total-
P [TP}-BP) increased due to new OM application in the order lucerne hay>peat>wheat straw, The correlation
between BP with s0il organic carbon (S0OC) became more positive over time, Microbial biomass phosphorus (MBP)
wos nol well correlated with the increase of NP content and phosphatase was not related to the increase in BP,
Overall, freshly applied (new) OM not only contributed 1o the increased level of P compared with the existing Ok
treatment.

Keywaords: Oxisols, plosphaise, P-mineralisation, soil orgunic corban, Ultisols

INTRODUCTION

Organic matler is involved indirectly in many
reactions and processes in soils, creating favourable
conditions for the availability of nutricnts, The
decompasition of SOM will produce a pool of OC
which is casily mineralised and anather pool whick
is slowly degradable (Eusterhues ef o, 20033, This
pool is decomposed slowly due to: (i) chemical
recalcitrance, ie stabilisation atiributable to the
structural propertics of the organic matter, (i)
inclusion of OM into aggregaies or micropores,
leading to physical protection from microbial attack
(Strong ¢t al, 1999, and (iii) interaction of carbon
compounds  with soil minerals (Baldock and
Skjemstad, 2000; Sollins e al., 1996).

Plant available phosphate {measured by
bicarbonate extraction at pH 8.5) is uswally present
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only in very small amount in Ultisols and Oxisals
partly becavseof ils  strong  adsorption by
with Al and Fe {lyamuremye and Dick, 1996),
However, the congentration of organic phosphorus
(OP) can rcach more that 50% from TP in lateritic
or intensely weathered soils {Beck and Sanches,
1994; Chepkwony ef af., 2000} as highly charged
monoester-P - allows tapid adsorption on  soil
minerals and  extensive  interaction  with
sesquioxides which protect inositol phosphate from
degradation (Turmrion er al, 2000). Hence, any
mechanism that can ensure the continuity of OP to
inorganic-" (IP) transformation after fresh OM
addition may become important in lateritic sails,
The effeet of recently added OM needs to be
distinguished from the efTect of inherent $OM. The
stable and inert pools of OM in soil can be very old,
ranging from hundred  to  thousand  years
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{Eusterhues ef of . 2003; Falloon and Smith, 199E;
Hassink, 1997; Monrzal ef of, 1997; Cades, 1995
and their identity, as well as their physical and
chemical propetties, arc not well understood
{Eusterhues ef af, 2003; Hsich, 1992; Rullmann,
1999 Theng ef af., 1892}, In order to study the
effect of adding OM to soil in terms of phosphate
adsorption, it would be useful to remove the stable
pools of SOM from soil samples so that the effect
of newly added OM does not interact with it of
stable panls.

The ohjectives of this study were therefore: (1)
te study the contribution of newly applicd OM on
different forms of P in soil such as B, TP, NP, and
miceobial biomass-P (MBEP), (2} to measure if MBP
andfor SOC generate more P in low P environment
indicated by their positive relationship with BP, and
{3) ta measure whether phosphatase becomes more
active in mediating the transformation of OF ta IP
in totally newly added OM indicated by posilive
correlation between BP and phosphatase activity.

MATERIALS AND METHODS

This incubation experiment was sel up i 4
factorial design  wsing completely randomized
blocks. The trestments are presented in Table |
with chemical chamcteristics (C, ™, and P contents)
of the treatments in Table 2.

The treatments with new SOM were based
on the OC concentration in peat, wheat siraw,
and lucerne hay plus OC concentration in the
existing SOM in the original soil samples. In
the cxpenimental design, for any given OM
source (new and/or existing), the concentrations
of OC was similar.

Procedures

An Ultisol {Typic kandiudult) was collected
near Jarrahdale (Latitude 33°19°407 5; Longitude
115°45°55" E) and an Oxisol {Plinthic eutrodox)
near Bunbury (Latitude 32°19°00" 5; Longitude
116911700 E) in Western Australia, Both soils
were selected due to their high content of
cxtractable-A] and Fe (McArthur, 19913 and in
order to see their effects on phosphate adsorption
and P mobility in the soils. The third soil
(subsurface) was a deop regolith material collected
at Boddington Gold mine in Western Australia
where the sails have considerable extractable-Al
and Fe¢ but had very low SOM. This soil is

24

developed from deep chemical weathering of
Archaean pranites and migmatites. The subsurface
soil was selected to isolate the effect of combustion
on s0il physical and chemical characteristics, since
the amount of soil orpanic matter was negligible
{Table 3)

Addition of soil starter {one pram of origmal
soil similar 10 the soils wsed for incubation) after
cambustion was assumed that living soil microbes
{if any} would retuen o normal condition as before
the combustion, Soils {including the Ultisols from
Jarcahdale) in this area are classified as Darling
Range laterites, which have very low concentralions
af nutrients {Gilkes e &f, 1973; McArthur, 1991).
Topsoil commonly has a coarse texture with 30-
82% gravel (3-B mm) and pH slightly acidic (3.5-
6.5) (McArhur, 1921). Selected characteristics of
s0ils are presented in Table 4,

Peat, wheat straw, and [ucerne hay were over-
dried (60°C) for two days, and chopped with a
erinding mill {RetschMiiffe). They were pround
with another mill (C and ™ Junior, < 1 mm sicve)
for more rapid decompaosition,

Soil samples from the field were air-dried and
sieved with = 2 mm sieve. For the newly added
ON treatments, soils were combusted at 450°C for
12 hours using o pottery kiln (Kiln West, model
61917), Soil semples were put into three separate
steel containers having dimension of 35 cm x35 em
%15 em each. Each conlainer had a loosely fitting
lid, allowing fumes from combustion of samples to
be released easily., Soil was combusted until the
colours become lighter than the original and the O
content about 0.00%, A temperature of 450°C is
hat enpugh to deplete OC content, but has been
found in some previous works to have a minimal
effect on other physical and chemical propertics of
soils such as porosity, textural class, and soil acidity
(Giovannini ef o, 1988; Kang and Sajjapongse,
1980).

Treatments were applied together with a “soil
starter’ as an inoculant to  introduce new
decomposer micro-organisms. The “soil starber’
was one gram of original soil similar to the soils
used for incubation. Soil (L5 kg was weighed for
each pot and OM treaiments were applied by
homogencously mixing the soil and the respective
treatments with mechanical mixer (1040 times, end-
aver end}. Soils were incubated for three months to
allow decomposition before the fst sampling,
Water was added weekly to reach a mmsture
content equivalent to 60% of the maximum waler



holding capacity of the soil, detcrmined by
weighing.  Soil characteristics before treatment
{physical, chemical, and biological) were analysed
for comparison with the same pesrameters during the
course of incubation. Maonopealcium phasphate was
added (45.8 mg kg') to cquilibrate in term of
precipitation reactions with exchanpeable-Al and
Fe, and chemisorption to clay and sesquioxide
minerals, in soils for a one-month period prior o
Ot teeatments.  The amount of monocalcium
phosphate was equal to 100 kg ha' triple
superphosphate (TSP), recommended P fertiliser for
lateritic soil in Indonesia (Suhadi, 2002).  This
additional P was added to ensure that I coatent
adsorbed to soil particles and Al- and Fe-oxide was
high enough to see the effect of organic matier
addition on phosphate release.

The statistical sipnificance  of  treatment,
interaction effects, carrelation and regressions were
carried out wsing GenStat (Payne ef af, 1987) and
SPSS (Coakes, 20013,

Parameters were measured at three sampling
times, fe. three, six, and nine months afler SOM
treatments. Part of the sample was kept frosh in a
150 mL plastic (tight-capped) bottle for ammonium
and nitrate anolyses the following day. Samples for
these analyses were kept overnight in cool storape.
The rest of the samples were air dried and sieved (<
2 mm) and kept in sealed plastic bags for ather
chemical analyses.

L Towah Trop, Vol I3, Mo, 1, 2008: 23-34

Measurements

The principle of dissolved orpanie-C (DOC)
was from the method of {Wagai and Sallins, 2002),
Total-P was measured in acid-persulfate (MNelson,
987}, Total converted phosphate in extract was
measured colommetrically as desceibed by Rayment
mnd Hipginson (1992).  Bicarbonate-F {BF) was
extracled wiing 0.5 M NaHCOy pH 8.5, This iz a
maodification from a method by Olsen e af, (1954)
described by Rayment and Higpinson {1992). The
manual colerimetrie for determination al phasphate
irt the extract was based on the method of Murphy
and Riley (1962). Measurement of non-cxtractable-
P (NP} was conducted by measuring TP with acid-
persulfate  dipestion (Melson, 1987) and then
subtracting the results with the BP content of the
game soil calculated beforehand. Acid phosphatase
(phosphomonoesterase EC 30132} activity was
determined on a one gram soil sample according (o
the method of Tabatabai (19%4),  Microbial
biomass-P (MBP) was determined by the method of
Wu e al (20000 following the fumigation and
extraction method of Powlson and Jenkinson
(1976). Aluminium snd Fe oxides were caloulated
from acid oxalate extraction as explained by
Rayment and Higginzon (1992, Soil water content
was measured exactly one week after pot watering.

Table 1. Organic matter sources (peat, wheat straw, and luceme hay) used as treatments in the experiment,

Type of
Soil Oraanic Matter

meom

Smtrce

Peat {OC in 80 ton ha'' peat + OK in existing SOM)

Existing Wheat straw (OO in B0 ton Ia* wheat straw + OC in existing SOM
Luceme hay (OC in 80 ton ha'' Juceme hiy + OC in existing S0W)
Peal (0C in B0 ton ho™ pent + OC in additional peat equal to that of pre-existing SOM)
Wheat straw (OC in 80 ton ha™ wheat straw + OC in additional wileat straw equal
Mew that of pre-existing SOM)

Lucerne hay {OC in 80 ton ha™ fuceme hay + OC in additional luceme hay equal to that

of pre-existing SO}

Table 2. Some chemical characteristics of organic matier sources for treatments.

Saurcc of Carbon Total-N (i ke™) Tatal-C (%) /N ratio _Total-F (%)
Peat 5.6 315 56 0.16
Wheat straw 7.6 43.4 57 0.20
Lucemne hoy 26.9 41.4 15 0.25
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Table 3. Characteristics of soils {subsurface, Ultisols, and Oxisols) used in the glasshouse incuhation.

? 5 Soil
Soil Characteriatics  —z g o oee Regolith ‘Sl Ullsols (Typic Kandiudult)  Oxisels (Plinthic Butrodox)

"Texture:

Sand (%) 18 B ao

Sile (%) 45 5 G

Clay (%) 7 ti a1
*DOC {mg kg I+0.3 30 4 3.0 13£3.
Torg-C (g kg™ 0.35 S8 24
Iatal-M (ke 0,29 2.0 |.5
Tatal-P {mg kg™} 217 £5.5 57+ 3.2 83 1 6.7
"Bicart. B (mg kg'} 2431 T+08 8+ 1.2
Ext-K {mg k") 37 174 37
fxeh, cat, {cmol’ kg')

CEC 2.1 2R 12

Ca 0.3 1.2 R

Mg 1.2 0. 140

K 1 0.1 0.3

Ma 1.1 0o 10
pH {1:5 soil: HO) 6.8 % 0.04 6.2 4002 6.2+ 0.20
"Omalate-Al (g kg IER L R K L0+ 2.0
"Omalate-Fe (g ke'} 1804 1.0 73.0 £ 3.0 27440 % 7.0

Motes: 'Pipeite methed, *TOC in waler exiract, "Leeo C and N analyser, Persul fate digestion, *Bicarbonnic
exiraction, “Silver thioures, "Ammenium oxalute extraction. Values ufler & are standard errors.

Tahle 4. Some characteristics of soil samples before and after combustion.

Soil
polee T . LIltigols Crxisols
Characieristics Subsurface *Regolifh® Saoil {Typic kandindult) (Plinthic cutrodox)
Before After Before Adber Before Alter
Org-Cig k™) 0.4 0.1 58.1 02 24.5 1]
Tatal-N (g ke™') 0.3 0.1 2.0 0.1 1.5 0.0
Tatal-P' (mg ke 21746 2dd+4 57132 69455 RI46.7 8042
Ext-Al {mg kg™ 1402 1041.4 11£1.3 28435 1121.8 4345.1
Ext-Fe {ing kg'") 18409 47=1.8 7342.8 182446 247470 2601736
pH 6. 840.06 6.540,16 240,12 T.140.13 6.240.20 600,04
Maote: ' = Persulfare digest mothod
RESULTS AND DISCUSSION even in combusted soil samples, cawsing

The new OM treatment had significantly
increased BP concentrations (Figure 1) compared
with existing OM treatments, especially in the
Ultisol (ca. 150% inercase) and the Oxisol (ca.
1300 increase). In the casc of the subsurface soil,
P immabilisation is likely to have been taking place
after lucernc hay addition, indicated by higher MBI
in the first six months of incubation (Figure 2). The
higher BP content in subsurface soil (Table 4) has
probably allowed the population of soil micro-
orpanisms to increase faster than Ultisal and Oxisol,

6

immobilisation of P.  Although P immebilisation
catt persist longer due to green manure addition
{Costa, 2000), the results in this experiment showed
that at the end of the incubation, this P
immohilisation had declined indicated by smaller
MBF (Figure 2).

The increase of TP allows two interpretations,
First, additional OM ta replace the existing SOM
contributed to the increasc, The increase in the
Ultisol treated with lucerne hay, however, was too
high (30%) compared with the P content caleulated
from the P content of lucerne hay {0.25% P; 41.3%



high (90%) compared with the P content calculated
from the P content of luceme hay {(0.25% P, 41.3%
C: Tahle 2) Second, the possibility of
minetalisation or solubilization of occluded P and
sizhilised source of P in the existing SCOM or in
inorganic forms pre-existing in the soil (Giardina e¢
al., 2000; Scrrasolsas and Khanna, 1995) which can
not be extracted with TP procedures hy Melson
{1987). This occluded and stabiliscd source of P
might also be derived from monocalcium phosphate
added one month  before the experimental
treatments. Higher TP in subsurface soil where OC
content was negligible (Table 4) and lower TP in
soils with higher OC (Ultisol and Oxisol) were the
indication of this pool of . Howcwver, as soon as
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the existing SOM was removed by combustion, P
was more readily eximeted.  Alternately, the
increase  in soil  pH, exiructable-Al,  and
extraciable-Fe in the Ultisol might have been from
the precipitation of Al and Fe-phosphate, aor even
Ca-phosphate (Giarding ef ol 2000; Olsen and
Sommers, 1982 afler combustion and/or new SOM
treatment, In TP extraction process, Al and Fe-
phosphate are soluble in alkaline extractants such as
NalCOy and Ca-phosphate is solublec in acid
cxtraclants such as FS0y-F38:0, (Bhadoria e af,,
22 to increase the concentration of exiractable Al

gnd Fc. Both acid exteoctants were wsed in TP
pnalysis.
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Figare 1, Interaction cffect of organic matter sources, type of organic matter, and incubation on bicarbonate
phosphores, €* = control, O] = peat, /A = wheat siraw, and * = luceme hay, Sub = Subsenil, Ult =
Ultizols, and Oxi = Oxisols. Bar in each graph indicates LSD 3% for organic matter source in

every graph.
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Figure 2. The effect of organic matter sources, type of organic matter, and incubation on microbial biomass
phosphorus in subsurface soil. < = contral, [ = peat, A= wheat straw, and * = lucermne hay. Bar
in cach graph indicates LSD 5% for organic matter source in every graph.

As TP content increased with the new OM
treatment, consequently, WP content in  soils
increased. The fact that peat produced more NP in
soils than wheat straw reatment was unexpected,
gince the TP content in wheat straw biomass was
higher than that of peat {Table 3). Diffecent type of
MNP as praducts of decomposition of peat and wlheat
straw eould he responsible for the result, as peat has
more phosphate diesters and other farms of P,
including IF (Bedrock ef af, 1994).

Closer inspection of results obtained for
subsurface  soil  indicated that the lower
concentration of BP in new S0OM treatment can be
assumed to be due to the heating process imposed
on sail sumples. The original SOM content in
subsurface soil was negligible at 0.04% and the
combustion of the soil increased extractable-Al and
Fe content {Table 4}, The inereased reactive Al and
Fe would be expecied to increase phosphate
adsorption capacity (lyamurcmye and Dick, 1996;
Zovsa ef al, 1999} which may indicated by the
lower BP in samples with new SOM treatment
{Figure 1). However, for the ather soils (the Ultisal
and the Oxisols), & decrease in BP* was mot
phserved, even though it might be reasonable o
assume a similar increase in phosphate adsorption
capacity, The increases in exiractable-Al and Fe
from the buming process eccurred together with
increased BP concentration in the Ultisol and the
Cisol.  This could be due to process related to
mineralisation of OM or desoeption process but not
related to heating process as that of subsurface soil.
Therefore, the cxperiment could not distinguish
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mincralisation from desorption, but the cffect of
combustion on phosphate adsorplion can probably
be neglected. In line with this finding, increased
concenteation of extractable-P have also observed
by several authors, i soils were treated by
cambustion {Condron ef ol 1990}, especially in
highly weathered soils.  This phenomenon was
probably due to incomplete oxidation of OF during
combustion and the changes in ecid solubility of
goil 1P as 8 result of combustion (Condron er al.,
1900: Williams ef ai, 1970). Condron et al. {1990)
even concluded that these potential errors have to
be avoided if dealing with OP in strongly weathered
soil samples. Howcver, since subsurface soil did
not show the increase in cither TP or NP due to new
OM applications (combustion procedure as well), it
can be assumed that two mechanisms might not
have oceurred. Unforlunately, there was na data to
support such claim in this experiment,

The Ultisol was the most responsive to Ol
applications by giving a greater percentage in
increase in NP doe to newly-added OM, compared
with increases in the subsurface soil and the Oxisol.
Higher O supply due to sandy texture of the soil
{Table 4) possibly enhanced mineralisation
processes in the Ultisol, However, the nature of the
increase in NP content was not in the form of MBP
as predicted beforchand. The positive correlation
between MNP and MBP at three- and six-month
incubation was not observed at  nine-month
incubation (Table 5). Besides, now OM application
decrensed MBP in the soil. These observations
suggest that the increase of NP may develop [rom
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processes other than direct addition of OF from OM
biomass such as mincralisation or some other
unknown process. All newly applied OM decreased
MP relative to TP, but increascd the proportion of
BP relative to TP. In other words, newly applied
OM not only incrcased NP bot might also have
released more BP from OP-IP transformation,
despite the phseevation that the treatment itself had
created more BP.

In accordance with the increase in M1 conlent,
a ncgative correlation between NP and sesquioxides
of Al and Fe (oxalate-extractablc) was observed.
The higher the NP cantent, the lower the Al and Fe
concentration.  As OM could increase NP due to
direct effect of OM addition and mincralisation, the
treatments could precipitate Al and Fe-oxides (Hue,
1992, Ivamuremyc and Dick, 1996). Moreaver, the
formation of complexes between Al and Fe and
humie substanees (MeCrocken 2t al., 2002; Yang ef
al., 20001 may have taken place during the
experiment, making Al and Fe concentrations
decling in soil solution. Since acid ammonium
axalate alsa effectively extracts Al and Fe from OM
{McKeapue and Schuppli, 1985 Rayment and
Higginson, 1992}, therefore, the precipitation of Al
and Fe must have been aecurred in the experiment.

If we follow the incubation process, BF
content was positively correlated with DOC content
and the relationship was stronger al higher
incubation times, indicated by increasing r values
from three- to nine-month incubation, At the same
time, BP was negatively correluted with extractable-
Fe from three to six months incubation, These
abservations lead to the deduction that DOC played
a positive role in releasing B to the soil selution.
Morcover, as the positive correlation between DOC
and MNP was steady over time and so was NP and
BF, suggested that the increase of BP content in soil
solution was more likely to have been a
contribution from DOC than from these ather
factors.

Three months after OM was applied into the
goil, mineralisotion processes Were  oCourring,
indicated by the increased concentrations of DOC,
BP, and higher phosphatase activity compared with
control soils. At the same time, organic cnm!:lcxr:.-:
were likely to have been formed with Fe™ and
precipitated as insoluble Fe(OH) (Hue, 1992
Iyamuremye and Dick, 1996). Another possible
mechanism iz from soluble humic molecules and
low moleeular weight aliphatic organic acids from
added OM, which can adsorb to the surface of Al
and Fe-oxides and block phosphate adsorption site,

ia

thus increasing soluble phosphate concentration
(Haynes and Mokolobate, 2001), A similar process
aof phosphatc adsorption sites blocking was also
observed as hipher C content OM such as lucerne
hay and wheat straw (Table 2) significantly (p =
0,001y  decreased  extractable-Al {data not
presented). The same applications, lucerne hay and
wheat straw treatments, significantly (p < 000
increased BP {Table 1), However, no correlation
hotween extractable-Al with bicarbonate-F might
lead to estimation that the pracess occurred and
equilibrated before the frst sampling due to lawer
initial content  of soil  extractable-Al  than
extractable-Fe (Table 3).

The correlation of extractable phosphate with
soil pH was cxploined by assuming that a pH
increase due to OM addition (data not presented)
would also favour dissolution af SOC (Beck ef al.,
1999}, and thus increase DOC in soils (Figure 3).
The ingcrease in pH was probably caused by the
oxidation of orpanic acid anions (e oxalate,
malate, and citmate) from organic residues that
consumed H' and released OH (Noble ef ol , 1996,
Tang ef ai., 1999}, ar from decarboxylation of those
anions which consumed protons, released CO;, and
led to & liming effect {Haynes and Mokolobate,
2001; Tang et o, 1999).

In the case of phasphatase, despite the
application of OM, as either peat, wheat straw, or
luceme hay increased phosphatase activity, there
was no correlation between phasphatase and BF
during the experiment. Phosphatase may have been
at steady-state, whilst BP could have been
continuously relensed or reach nearly steady-state
as well, Such a situation would not lead to a
correlation even though a causative effect existed.
It i also possihle that phosphatase may pre-cxist in
sail and persist for a long time.  In addition,
phosphatase activity is subject o end-product
suppression by high levels of extractable-P {Allison
and Vitousek, 2005; Feng and Xiong, 2002) and
phosphatase is not the only enzyme involved in soil
P transformation. At least in this expcriment,
phosphatase activity was not a reliable parameter to
estimate P extractability.  Thercfore, the [last
hypothesis is only parlly supported by the
experiment, According to MeCallister er of, (2002)
even though phosphatase was positively comrelated
with BP, it eould not be used to predict P supply ta
plants nar could it be used as an estimate for the
differences of P concontration in plant tissues
{Andrade of af,, 2001 ).



[espite the fresh supply of 50C fom new
OM, micro-organisms producing the phosphatase
enzvite were not active enough to make similar
phosphatase activity to that observed for the soils
wilh the existing SOM. The trend of increasing
phosphataze activity in samples treated with new
OM was similar o samples with existing 50M.
The magnitude of inerease for new OM was around
hall to that of samples with existing SOM only,
especially in the Ullisol (Figuee 2}, Therefore, it is
nat high enouph to transform NP 10 BP as indicated
by the [ack of correlation between phosphatase
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activity and BF or there was  insufficient
accessibility of OP to phosphatases.  Another
cxplanation Ffor this was the effect of soil
combustion on phosphatase, Althowgh phosphatase
i5 resistant to microwave iradiation {Speir er of,
1986), its activity is heat-sensitive (Gosewinkel and
Broadbent, 1986). It would be very unlikely if
phosphatase or miceobial biomass would have
survived the high tcmperature  during  the
combustion period, 1n addition, the soil starter may
have hoed insufficient microbial population to
produce significant amounts of phosphatase.
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Figure 3. Interaction effect of organic matter sources, type of organic matter, and incubation on dissolved
oreanic carbon, < = cantrol, (0 = peat, A = wheal straw, and % = luceme hay. Sub = Subsail, Ul
= Utisol, and Oxi = Oxisol. Bar in each graph indicates LS 5%.
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CONCLUSIONS

Bicarbonate-extractable P increased in soil
with applicd OM (peat, wheat straw, and loceme
hay} in which the existing SOM had been remaved
ta a preater extent than in soils with existing SOM.
The Ultiso]l had a larger increase in BP than the
Oxisal.  The addition of OM increased NP
concentrations  uwp  to six-month  incubation.
Transformation of NP 1o extractable phosphate
must have heen at its maximum around this time
indicated by NP decreases as well as increases in
BP.

Stronper comelution over time between DOC
and BP indicated the importance of DOC in
gencrating BP that could be from OF hydrolysis,
transformation, or displaccment of adsorbed BP by
soluble orpanic compounds. Contrary to the initial
hypothesis, there was only weak evidence that MBT
plaved a rale in providing more BP content, as well
a5 phosphatase, Other mechanisms, either chemical
or hialagically, might have been invalved in the
process.

To sum, newly applicd organic amendment
was mare effective in releasing  available T
compared with the pre-existing SOM. However, in
order to utilise other pools of P, the increased
praportions of NP o TP need to be resolved or
analysed further, especially in lateritic soils.
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