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Abstract: Problem statement: It is important to compare the effect of extremdlfferent rainfall
conditions on soil carbon storage of lowland trapjoeat swamp forest. Therefore, under these Hatura
rainfall gradient, the objectives of this study edp determine whether rainfall affects soil carbon
storage of a tropical peat swamp forest and toraéte what correlations between variables occurs
which stimulate soil carbon storage changes obpital peat swamp foresipproach: Soil sampling
was conducted in two different plots (0.3 ha ealdt)go a depth of 15 cm under two extremely
different mean rainfall at Sibu, Sarawak, Malay3ihe soil samples were analyzed for acidity, organi
matter content, total carbon, total nitrogen artdltphosphorus. The humic acid extraction was also
done and soil carbon storage values were obtaigechloulation. The calculation of carbon storage
was by the bulk density method. Comparison betwssred means of soil carbon storage under two
different rainfall gradients were tested using @dit-test and correlation analysis was used tetaig
variables (pH, soil organic matter, total carbanal nitrogen, total phosphorus, C/N ratio, C/Rorat
humic acid yield, unstable carbon and stable cgrliResults. The percentage of stable carbon count
of unstable carbon was 42.93% under lower rainfaliile that of higher rainfall was 62.69 %. It
suggests that this natural tropical peat swampsfgotays an important role as a sink rather than a
source of carbon under higher rainfall but inversaehder lower rainfall. It also suggests that soil
organic matter tends to decompose and releasgZOxidation under lower rainfall. Stable carbon
positively correlated with humic acid yield for theo areas with different rainfall (p<0.01, r = @)0
However, under higher rainfall, stable carbon agi&mitively correlated with soil organic matter
(p<0.05, r = 0.42) and total carbon (p<0.05, r 42). It was found that stable carbon negatively
correlated with soil acidity on both higher (p<Q.05 -0.51) and lower rainfall areas (p<0.01,054).
However, that association appeared prominent urderer rainfall. Conclusion: Anaerobic
environment is more prominent under higher rainfald may facilitate high value of soil carbon
storage in the soil profile of tropical peat swafopest and allow this ecosystem to function as a
carbon sink. During lower rainfall, water availatyilin tropical peat swamp forest may stimulates thi
ecosystem to maintain its soil acidity by releasingre CQ in soil air and becomes a source rather
than a sink of carbon.
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INTRODUCTION condition and substrate acidification also may

occuf*tl. Tropical peat swamp forests in Sarawak are

Conditions in peatland where anaerobicinfluenced by a climate that is hot and humid
frequently persists, poor drainage and aeration arthroughout the year with annual rainfall exceeding
unfavorable for decomposition, resulting in high 2000 mm with little temperature variation (27+5°C).
carbon densitid8. In tropical peat swamp forest, Under these conditions, aerobic degradation may
those conditions also occur, because substantiddlecome more prominent compared to temperate
rainfall provide appropriate condition for such region$”. Furthermore, that temperature of tropical
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peat swamp forest considered high and it is ideal f The potentiometric method was used to determine
efficient gas formation throughout the year. Altgbu  soil pHY. The loss on ignition method was used to
that temperature can be equable, the amounts qfetermine total &. Total nitrogen was determined by
rainfall varies markedl}y daily and annudlly  Kjeldahl metho#'. Total phosphorus was determined
According to Chimnét?, tropical peatlands are by Aqua Regia method and Murphy and Riley
constantly subject to relatively high temperaturespethodt®. Humic acid extraction was carried out by
compared to cooler seasonal climate areas, therefofe methods of Stevenddnand Susilawatiet al'®.
show a potentially higher carbon release inthg caiculation of carbon storage was done by the

Qecomp05|t|0n. However, the water Ievell has MOT%ulk density method. Comparison between paired
important role than temperature in the abiotic ooint means of soil carbon storage under the two differen

of gas f_ques b_etV\ll]een the peat and the atmosphere tainfall gradients were tested using paired t-&sd
the tropical regiofi.

. correlation analysis was used to correlate vargble
Water is a resource that modulates ecosyste

e o ) i TpH, soil organic matter, total carbon, total nifea,
processes such as diffusion within the soil andhiey total phosphorus, C/N ratio, C/P ratio, humic acid
of materials across ecosystem boundaries. Water al%/ield unstable ,carbon an,d stable ;:arbon) The

has indirect effect on biotic processes such &ialf  gatistical Analysis System (SAS) version 9.1, was
of pH, nutrient availability, soil oxygen, soil wib&ring  |;sed for the aforementioned analysis.
and mineralogy®”. As the main product of

decomposition in soil, COis almost entirely produced RESULTS

from root respiration and microbial decompositioh o

organic matter. Both, root respiration and micrbbia The bulk density of the study site was 0.15 g%m
decomposition are subject to water limitalfon The selected soil chemical properties showed little
Moreover, hydrological conditions are one of thesmo yariation except total phosphorus and C/P ratibig a).
dominant carbon release controlling factor. Tropica The percentage of stable carbon count of unstable
peat swamp forest is sensitive to water table cbsing carbon was 42.93 % in January, while that of March
When the precipitation frequency is smaller, lowiere was 62.69 % (Table 2).

water table occur and could increase substrate The correlation between variables is shown in
availability for CQ releasing decomposition Table 3.

processés’. Therefore, when studying soil carbon

storage alteration on tropical peat swamp forgsis i Table 1:S_e|ected soil chemical properties unddiergnt gradient
relevant to focus on precipitation. rainfal

. Mean
We compared the effect of extremely different

rainfall conditions on soil carbon storage of lomda Vvariable January March

tropical peat swamp forest. Therefore, under theseéoil acidity (pH) 3.6986 3.676

natural rainfall gradient, the objectives of thimdy  SOil organic matter (%) 97.319 97.698

i) To determine whether rainfall affects gl C (%) 48.659 48.847

were (i) _ . N (%) 0.966 0.896

carbon storage of a tropical peat swamp forest(@nd p () 0.032 0.022

To determine what correlations between variables/N ratio 55.65% 59.268

CIP ratio 1457.619 2625.861

occurs which stimulate soil carbon storage changes
tropical peat swamp forest.

Note: Means with the same letter are not significadtfferent at
p = 0.05 using paired t-test

MATERIALSAND METHODS Table 2: Carbon storage in tropical peat swampsfore
Mean (Mg Ha%)
Soil sampling was conducted in January andvariable Jan Mar
March 2008 on two different plots (0.3 ha each )plot Unstable C 109.483 109.907
Stable C 47.004 68.898

to a depth of 15 cm at Sibu, Sarawak, Malays|a.rMeaStable ClUnstable C (%) 42930 62,690

_ramfa” on Januar_y was 6.6 mm dé‘whlle in March, Note: Means with the same letter are not significadifferent at
it was 12.0 mm day. p = 0.05 using paired t-test
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Table 3: Correlation between unstable C, stable€ some selected

chemical properties of a tropical peat swamp forest

January
CIN Unstable Stable
Variable pH SOM C P rato C C
pH - -0.5400
- - - 0.0063
SOM 1.0000 1.0000 -
<0.0001 <0.0001 -
C 1.0000
<0.0001
N -0.9500
<0.0001
P -0.5700 -0.5700 -0.5700
0.0036 0.0036 0.0036
C/P 0.5700 0.5700 -0.9900 0.5700
ratio 0.0036 0.0036 <0.0001 0.0036
Humic -0.5400 - 1.0000
acid 0.0063 - <0.0001
Stable C
March
pH -0.4900 -0.4900 -0.4900 -0.5100
0.0160 0.0160 0.0160 0.0118
SOM 1.0000 1.0000 0.4200
<.0001 <.0001 0.0425
C 1.0000 0.4200
<0.0001 0.0425
N -0.9600
<.0001
P
C/IP - -0.9200
ratio - - <.0001 -
Humic -0.5100 0.4200 0.4200 0.4200 1.0000
acid 0.0118 0.0425 0.0425 0.0426  <0.0001
Stable C 0.4200
0.0425

Note: The top value represents Pearson’s correlationficiseft (r)
and the bottom values represent the probabilitgllev

DISCUSSION

1484-1488, 2009

50.(

45. .
40.C .

35,

30.

25,

20. .

15.C

Rainfall (mm)

15 20
Reading numbe
(January

Rainfall (mm)

15 20 25 30 35
Reading numbe
March

Fig. 1: Daily rainfall fluctuation for January aihrch

CO, dissolves in water and acidify the §&il The
association between total carbon and soil orgaitten
seems not to be influenced by rainfall. In all sjtetal
carbon positively correlated with soil organic reatt
(Table 3).

Since our site had high total carbon and low total
nitrogen value, thus the C/N ratio value was high.
However, nitrogen was found to be fluctuating iaste
of carbon, thus the C/N ratio negatively correlanéth
total nitrogen (Table 3). This high C/N ratio maike
slows the decomposition process and causing organic
matter to accumulate while reducing the availapitif

Mean rainfall almost doubled from 6.6 mm day nutrients. It also suggests that the organic residnay

in January to 12.0 mm ddyin March. Furthermore,

there was more rainfall in March and it fluctuated

have high contents of lignin and polypheffals
It was found that under lower rainfall, soil organ

considerably than that in January (Fig. 1). Thismatter and total carbon negatively correlated wotal

fluctuation seems to increase C/P ratio, but deemtta
total phosphorus (Table 1).

It was found that under higher rainfall, soil atid
negatively correlated with soil organic matter (Teab
3). It suggests that the decline of soil organidtera

phosphorus but positively correlated with C/P ratio

(Table 3). Moreover, unstable carbon negatively
correlated with total phosphorus but positively

correlated with C/P ratio under lower rainfall (Tal3).

It suggests that increase in phosphorus under lower

increases soil pH and vice versa. This is becausrinfall (Table 1) appears to increase the decoitipns

organic matter is a source of kbns and contributes
to acidify the soff!. The soil acidity also negatively
correlated with total carbon (Table 3). This is dese;

in peat soils large amounts of carbon accumulate asoil

soil organic mattéf. Hence, soil acidity has

raté** and may drive soil organic matter and soil carbon
losse§?, particularly unstable carbon. Decomposition
rates increase stimulates soil carbon losses byl\sog
oxygen availability to biological processes.
Moreover, the most important effect of variationnater

association with total carbon as well as with soilon carbon cycling appears to be its control on the

organic matter. Obviously, those observations ditl n
occur for low rainfall. However, this ecosystemllsti
maintained its soil acidity (Table 1). During thime,
high level of CQ is produced in soil air by root and
microbial decomposition of soil organic matter. ther,

diffusion of oxygen into the séf!. Total phosphorus in
January and March was significantly different, whil
total carbon similar (Table 1). Thus, the C/P ratio
negatively correlated with total phosphorus on both
gradient of rainfall (Table 3).
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It was found that stable carbon positively
correlated with unstable carbon under higher rdinfa
(Table 3). Availability of large amounts of the taisle

carbon stocks tends to remain as stable carboeaithst Ministry
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However, stable carbon had no association with
unstable carbon under lower rainfall.

The high value of stable carbon under higherl.
rainfall (Table 2) suggests that this natural tcappeat
swamp forest plays an important role as a sinkerath
than a source of carbon. Inversely, this ecosydtam 2.
role as a source of carbon under lower rainfalal$o
suggests that soil organic matter tends to decoenpos
and releases Gy oxidation under lower rainfall.

Under higher rainfall, both unstable and stableg
carbon positively correlated with soil organic reatt
total carbon and humic acid. However, unstable aarb
associated well with soil organic matter and totabon
whereas stable carbon associated well with humit ac ™
(Table 3). Furthermore, under lower rainfall, the
association of unstable carbon with soil organidtena
and total carbon was prominently (Table 3). Stabl
carbon also associated well with humic acid under
lower rainfall (Table 3). These findings suggesatth
humic acids are extremely stable form of soil ofgan
mattef®. Moreover, large amounts of stable carbon on
earth is found as humic acitls

It was found that under higher rainfall, both 6.
unstable and stable carbon negatively correlatad wi
soil acidity. However, stable carbon associatedl wel
with soil acidity (Table 3). Stable carbon and soil 7.
acidity also negatively correlated under lower fain
(Table 3). However, that association appeared
prominent in January (Table 3). It suggests thatemo
anaerobic environments (more additional water) play
important role in retarding the rate of decompositof 8.
organic materials to represent a sink for carbdhera
than acidic condition.

CONCLUSION

Anaerobic environment is more prominent underg'
higher rainfall and may facilitate high value ofilso
carbon storage in the soil profile of tropical psaamp
forest and allow this ecosystem to function as rbara
sink.

During lower rainfall, water availability in trogal
peat swamp forest may stimulate this ecosystem to
maintain its soil acidity by releasing more £i@ soil
air and becomes a source rather than a sink obnarb
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