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ABSTRACT

Presentlyabout 20% of oil palnHaeisguineensis Jacq fields in Indonesia are on peat soil, in addition to that other

area of peat soil has been conventionally used for rice field and vegetabletucidate the global warming
potentials of peat soils cultivated to oil palm, vegetable or rice field, field experiment has been carried out in South
Kalimantan.Air samples were taken from rice field, oil palm and vegetable fields in weekly basis for six month period
and analyzed for concentrations gfNCH, and CQ. The global warming potentials (GWP) of the three gases were
calculated by multiplying the emission of each gas with their respective mole warming potential. This step was
followed by the addition of the three gasésVPto have the total GWPThe results showed that the emissions of
greenhouse gases from peat soils changed seasonally and varied with the crops cultivated. Oil palm has resulted
the highest GWPmostly contributed by )0. There was no statistical féfent in total GWPof paddy and
vegetable fieldsThe annual O emission from oil palm field was 4,582 g N'har*. Water nutrients and ganic

matter managements are among the potential techniques to minimize gas emissions from oil palm field which need
field trials.

Keywords Global warming potential, methane, nitrification, nitrous oxide, oil f{&@eis guineensis Jacq

INTRODUCTION (Elaeis guineensis Jacq. Presentlyabout 20% of
oil palm fields in Indonesia and Malaysia are on peat
Peat soil comprises of 6% of earth surface butsoil (Noor 2010).
retains about 15%-30% of terrestrial carbon and It has been estimated that peat and forest
nitrogen (Batjes 1996). This high C and N contentsdegradations contribute to about 45% of total GHGs
have lead peat soil to be thought as a sources oémissions from Indonesia (Ridlo 1997). This
greenhouse gases (GHGs) such as nitrous oxideonsiderable contribution of peat on total GHG
(N,0), methane (CH and carbon dioxide (Cp  emissions has put peat soil as a target for carbon
which have global warming potential 1, 23, and 296 emission reduction. Peat management is targeted
in hundred year perspective, respectively (Bouwmanto reduce 9.5-13% of GHGs emissions from
1990). Indonesia by year 2020 (Las and Surmaini 2010).
About 9 million ha of peat soil occurs in the To achieve this tget, the government of Indonesia
coastal area of Borneo Island (Driesen 1981;has suspended oil palm development on deep peat
Wahyuntoet al. 2007) which belongs to three and will release a national action plan to minimize
countriesice. Indonesia, Malaysia and Brunei). The GHG emissions from peat (Noor 2010).
peat soil in this island is formed from mixture of Apart from peat burning, about 75% of CO
woody and grassy materials and has long time beeN,O and CHare believed to be formed by microbial
used for paddy rice cultivation back to year 1969 processes in peat soil (Haaial. 2001; Murayama
(Sabiham 2010). Due to increased demand for bio-and Zahari 1996). Methane is produced by a group
fuel, the peat soil has recently been used forof microbes known as methanogens under anaerobic
development of oil-producing crops like oil palm conditions (Cahyaret al. 2004). Meanwhile, O
is produced by nitrifying microorganisms under

J Trop Soils, \0l. 17, No. 2, 2012: 1051% aerobic conditions and by denitrifying
ISSN 0852-257X microorganisms under anaerobic conditions (Hadi
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etal. 2012). The different conditions for these gases’area was about 150 km from the Java ocean and
formations may resulted a “trade off” effecte( surrounded by Meratus mountains, except for
decreasing emission of one gas but at the same time/estern side which was part of Nagara River basin.
increasing the emissions of other). The objectiveThe site can be considered as ombrogenic peat
of present study was to elucidate the global warmingwhere the water are mainly from rain. The peat soil
potentials of peat soils cultivated to oil palm, vegetablein the area can be classified as a Haplohemist (PT

or paddy rice.
MATERIALS AND METHODS

Site Locations

The study was carried out in South Kalimantan

province (Indonesia), at the border of Hulu Sungai

Saicle Jasa, 2006).

Guided by a land-use map, survey had been
carried out to find oil palm, vegetable and paddy
rice fields. Considering the easy access for
sampling, the sampling points were in radius about
100 meter from collector road. Oil palm was planted
in year 2006 (three year old at the time of
measurement). Ciherang rice variety was the

Utara, Hulu SungdTengah and Balangan districts ;,mmon rice variety in the area and usually planted
covering an area of about 32,370 ha (Figure 1). Thg, jyne  Meanwhile, vegetable field was usually
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Figure 1. Map of study site.
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cultivated during June taugust. No fertilizer has Calculation and Satistical Analysis
been applied to the fields. The rice field can be
considered as rain fed paddy field with zero tillage
practice.

The fluxes (mg C mh* CH, or mg N n? h*
for N,O) were calculated according to the following
equation (Hadét al. 2005):

Field Settings and M easurements F = k- h- dc/dt (273/T)

i . . . where:k = constant for conversion from volume to
Three imaginary plots which about nine meters weigh (NO = 1.250; CH= 0.536),h = height of

apart from one to another in oil palm field, vegetable chamber (meter), dc/dt = change in concentration
field or paddy field were selected and considered(ppmv) per unit time (hour) anB= air temperature
as replicationsA piezometer was inserted at each inside the chamber (°K). The annual emissions of
point to reach the ground water table. Redox pOte”tialgreenhouse gases were calculated by multiplying
(Eh) electrodes were also inserted to a 10 cm soil,[he weighed mean of gas fluxes with tire.(one
depth at about 30 cm distanced from the pizometersyear)_ Global warming potential of the three gases

_ Rectangular (length 50 cm x width 50 cm x 25 cajculated by multiplying the annual emissions
height 50 to 200 cm) chambers were used to Cone%vith the mol warming potential of the gasee. (L,

gas samples, depending on height of plants. Thez3 and 296 for CQ CH, and NO, respectively)
chambers had a capillary plastic tube inserted to(Bouwman 1990). 4

one site of the chamber through a rubber septum in The frequency distributions of all gas data were

order to collect air The chambers were also (5 tested for normality using LillieforSest. If
equipped with fan at the center of the chamber inp a1y distributed, differences between treatments

order to mix the air inside the chamber prior to 9asere determined by analysis of variance (ANQV
sampling. One oil palm trees (height 150-220 cm), 5 |east significant didrences (LSD) testAll

four hills of paddy rice (height 45-82 cm), and tWo o yistical analyses were performed using the

vegetable plants (tomato and sweet corn; height O+gySTAT 8.0 statistical package (SPSS, 1996) and
233 cm) were enclosed into the chambers duringWere based on P < 0.05 significant level.

gas sampling.

_Chamber.s were inserted to beneath about fi.ve RESULTS AND DISCUSSION
cm into the soil. Gas samples were taken by sucking
the air insid_e the chambers through the.tube and=vironmental Conditions
transferred into a vacuumed bottle (Parkin Elmer
Germany) until the time of analysis. Gas samplings Site descriptions and their soil properties prior
were carried out in weekly basis for six months to experiment were summarizedliable 1.The oil
period (July-November 2009\t the same time, palm field was situated at peat dome with elevation
soil Eh was measured by an ORP meter (TOA 17 m from mean sea level (MSL), while the
Electronics Ltd, Japan) and the water table wasvegetable field situated at slop of peat dome with
measured manually by inserting a ruler into the mountain orientation with elevation 15 m from MSL.
pizometer The paddy field was at the swamp-orientated slop

Composite soil samples were taken in monthly of the dome with elevationllm from MSL. Peat
basis at two soil depths (0-10 cm and 10-30 cm)depths of the three sites ranged from 180 cm in
and about 50 cm from the center of the chamberspaddy field to more than 300 cm in oil palm field.
The soil samples from all fields (72 samples) were Soil pHs were about five for all sites. Soil C and N
analyzed for soil pH and soil moisture content. Soils ranged from 12-31% and 0.1 to 1.3%, respectively
taken in SeptembeOctober and November (32 Number of bacteria was one or two order of
samples) were used for determinations of nitratemagnitude higher than number of fungi in the three
and water extractable-carbon. sites.

Concentrations of CHand NO were Ground water tables in the three crop fields
quantified by using gas chromatographBype, varied and changed seasonallihe ground water
detectors, and working conditions of gas tables in paddy and vegetable fields fluctuated
chromatographs were as those given by tegali. around 30-77 cm from ground surface, while the
(2005). Concentrations of nitrate, and water ground water table in oil palm field fluctuated deeper
extractable-C were determined by method describedi.e. > 120 cm from soil surface). Ditches had been
by Hayashiet al. (1997) and Hadet al. (2000), constructed by heavy equipment at oil palm field in
respectively order to develop aerobic conditions at root zone of

oil palm. Due to high data variabiljttheEh was
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considered unchanged during the observation period
(Figure 2).

Soil Properties
The pH in paddy field increased during the first

=0 two weeks of the experiment.d 24 July to 9
=] o~ August) and remained high onward, but the pH in
o < —
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~ 3). The soil moisture contents did not statistically
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Figure 3. Seasonal changes in soil pH (A), soil moisture (B), and water extractable-C (C) and soil nitrate
(D) concentrations taken from 0-10 cm or 10-30 soil depths in paddgalm and vegetable
fields. An increase or a decrease bigger than the LSD value of respective crop field was
considered as chanEl.= paddy 0-10 cmid = paddy 10-30 cn# = oil palm 0-10 cE = oil palm
10-30 cmM = vegetables 0-10 cm, aEll= vegetables 10-30 cm.



110 A Hadi et al: Greenhouse Gas Emissions from Peat Soils

The NQ; concentrations in the three fields generally Discussion
increased during the half period of the observation
and decreased onward. The NGoncentrations

in surface soils of paddy field were higher than the
sub-surface soil (10-30 cm soil depth) or the other
crop fields.

Peat, organic soil or Histosols are technically
all soils which contain appreciable quantities of
organic matter (OM) that is considered to dominate
the soil properties (Mathur and Farham 1985). Peat
soils are formed when the rate of OM accumulation
Greenhouse Gas Emissions exceeds the rate of decomposition and can be

i categorized as deep, medium and shallow peat

Seasonal changes in® and CHfluxes are  p4qiagukguk 1990). Peat soil in present study
shown in Figure 4. The @ emission from ol oh0ed from medium peat in paddy and vegetable
palm field had many peaks and reached maximunje 45 (200-300 cm) and deep peat in oil palm field
on 17August. The NO emission from vegetable 5 300 cm) (Rble 1).The pH and nutrient contents
field was maximum on 1&ugust and remained low ¢ esented iffable 1 were higher than that average
at the rest of observation period. Th@Nemission peat (Radjagukguk 1990), probably due to the

from paddy field were low or even some times ,qiion of the sites those were far from the ocean
negative. Due to high data variabilino statistical  |,oce less influences of pyrite.

different has been identified in GEmissions from Peatlands in South Eassia are naturally

the three fields. Similarlyno statistical dierence  gymerged and are drained by constructing drainage
has been identified in C@missions from the three jj;hes prior to establishment of crops on them
fields (data not shown). (Sabiham 2010). The depth of drainage ditches

The annual bD emission _flrom oil palmfield  yenends on the type of crops to be established, which
was the highest (4,582 g N'fwr”) among the three 5 commonly width and deep for estate crops like oil

crop fields studied, but no statistical difference was palm and narrow and shallow for food crops like

identified in NO emissions from paddy and jce naddy The diferences in dimensions of the
vegetable fields (dble 2). No statistical dérence  jhes result on the variability of ground water table
was identified in Cklemissions from paddgil palm i, gitferent crop fields. These practices of crop
and vegetable fields. Carbon dioxide emissions werg,giaplishments were also occurred in the study area,
the highest in paddy field, but no statistical difference |, ;4 (e ground water tables in oil palm field were
in CQ, emissions from oil palm and vegetable fields deeper than those in paddy or vegetable fields
has been identified. (Figure 2).

Similar patterns of the global warming potential The redox potential reflects the strength of

of three gases with that of emissions were observed,jqation and reduction reactions in soil (Hesse 1972).
In total, the global warming potential was the highest Oxygen (Q) acts as the electron acceptor in aerobic

in_loil paim field (1551 kg C-CQ equivalent & ., jitions and will be substituted by oxygenuous
yri). No statistical different has been identified in compounds like NO in anaerobic conditions.

global warming potentials in paddy (285.8 kg C;CO i ganic matter acts as electron donor at both
i 1
equivalent hayr?) and vegetable (401.2 kg C-CO  ¢ongitions. The Eh values in present experiment

equivalent hayr) fields (Table 2). were positive because the Eh electrodes were

Table 2. Emissions of 0, CH, and CQ from paddy oil palm and vegetable fields and their global
warming potentials.

Parameter Paddy Oil Palm Vegetables

N,O Emission (g N hayr) -681.6 (521.0) 4585.2 (1842.4) 927.0 (1333.8)

GWP (kg C-CQequ hd yr?) -201.8 (125.9) 1357.2 (445.3) 274.4 (322.4)
CH, Emission (g C hay™) 16263.4 (5916.3) 9841 (16510) 1754.1 (6286.3)

GWP (kg C-CQequ hd yr?) 374.1 (136.1) 226.4 (379.7) 40.3 (144.6)
CO, Emission (g C hayr™) 113505.1 (73695.7)  -33271.622995.4) 86446.442445.0)

GWP (kg C-CQequ h& yr?) 113.5(60.2) -33.2(18.8) 86.5(34.7)

Total GWP (kg C-C@equ h& yr?) 285.8 (356.2) 1550.9463.3) 401.2(376.0)

Numbers in parenthesis indicate standard deviations (n=3). Mean followed by the same letters in the same row are not
different according to LSD test (P<0.05).
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Figure 4. Seasonal changes iftONA) and CH (B) emissions from paddyil palm and
vegetable fieldsAn increase or a decrease bigger than the LSD value of respective
crop field was considered as chanda A : —+—paddy (LSD = 61.6,_s— oil palm
(LSD = 137.2), anfy— = vegetables (LSD = 86.3), in R4—paddy (LSD = 1.6),

—a— 0il palm (LSD = 1.6), an?s«— = vegetables (LSD = 0.5).

inserted to the 10 cm soil depth in the three crop  The water extractable-C and N@h present
fields those were above ground water table, hencestudy were generally higher than those reported by
at aerobic conditions. (Figure 2). The Eh values inadi et al. (2000) in Sarawak, Malaysian side of
the three fields tended to be similar due the samegorneo island. This indicated the intensive soil OM
reasons as mentioned abowe. @ll were in aerobic  gecomposition in Indonesian side of Bornée. (
conditions). o _ decomposition level was hemic) as compared to the
The patterns of soil pH in paddy field followed \ajaysian side of Borned.¢. decomposition level
the general trend of wetland soils where the pHere generally fibric) where the water table in oil
increased in the first two week of submergence Ofpalm fields were shallower (40-60 cm). This high
dry soil (Wliuset al. 1985) and were opposite with oM decomposition process may also have
that occurred in oil palm field (Figure 3). Increase in contributed to the high release ofin the oil paim
pH in paddy field is achieved by the increase of OH fie|q presently studied (which will be discussed later).
concentrations during the reduction of Fe(Qtd) The NO more fluctuated than the other two
form Fe(OH), Fe(OH), or other ferro hydroxides  gases in the three fields (Figure 4), indicating that
(Yuliuset al. 1985), while the pH decrease in oil palm N,O was more responsive to the soil and
field was probably due to the'formed during the  environmental conditions. Haetial. (2000) reported
aerobic decomposition of OMThese arguments N O response to changes in soil water in which the
were also supported by the soil moisture contents i”NZO was more from soil with 100% water holding
oil palm field where the soil moisture decreased in capacity (WHC) than that from soils with 60% WHC
the early period of observation (Figure 3). or submerged conditions. Furukaetaal. (2005)
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also reported a negative correlation betweenmitigation options are needed if the peat soil are

precipitation and MO emission from peat soil in continually be used for oil palm cultivation.

Sumatera island. No differences in Cétmission

from the three fields may indicate that the formations CONCLUSIONS

of CH, were not optimum at aerobic conditions

prevailed the three fields. Carbon dioxide was It could be concluded that the emissions of

released in paddy and vegetable fields, but was fixedgreenhouse gases from peat soil in Borneo changed

in oil palm field (Table 2). seasonally and varied with the type of crops
Emission of NO from oil palm field was high  cultivated. Oil palm has resulted the highest global

(nearly five kg N ha yr?) (Table 2), though no warming potential, mostly contributed by,®

fertilizer had been applied to the fields. This amountThere was no statistical different in total global

was in the same order of magnitude with thosewarming potential of paddy and vegetable fields.

reported by Mellinget al. (2007) orTakakaiet al. These findings indicated that innovative technology

(2006) and ought to be increased if N-fertilizer had to minimize NO emission from peat soil cultivated

been applied (Akiyamet al. 2006). This amount  to oil palm should wently be investigatedVater

of N is equal to amount that emitted from fertilized nutrients and OM managements are among the

mineral soil (Hadet al. 2008). This big amount of potential techniques to minimize gas emissions from

N loss may contribute to increase in farming cost. gj palm field which need field trials.

Moreoveythe NO emission particularly meaningful

when we consider its global warming potential ACKNOWLEDGEMENTS
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