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Tropical peatlands store soil carbon up to 15-19% of global peat carbon. That huge carbon pool is
presently being disturbed on a large scale by land development and management, and has consequently
become vulnerable., Peat degradation occurs most rapidly and massively in Indonesia’s peatlands
because of fires, drainage and deforestation of swamp forests. Fire releases carbon dioxide (CO;)
intensively but occasionally, and drastically changes the biological and physical properties of the land
surface, affecting many biological and hydrological processes. Drainage to lower groundwater level
(GWL) potentially increases CO, release from soil through the enhancement of aerobic peat
decomposition, and deforestation simply halts CO, uptake by trees. Under such circumstances, tropical
peatlands would release a huge amount of carbon from soil ecosystems through soil CO; efflux or soil
respiration (RS), which is a major carbon source to the atmosphere, and dissolved organic carbon
(DOC) outflow by groundwater discharge. The DOC flux is important on a watershed scale through
river flow. The main objective of the study is to investigate the effects of disturbances by drainage and
fires on carbon loss from soil ecosystems in tropical peatlands by CO, emissions to the atmosphere and
by DOC leaching along with groundwater flux. To achieve the objective, RS and DOC flux were
measured for more than one year in undrained and drained peat swamp forests (UF and DF sites) in
Central Kalimantan, Indonesia. In addition, DOC flux was measured in a burnt drained area (DB site).
Using such field data, RS and DOC flux in tropical peatland ecosystems were assessed, and the effects
of disturbances on them were investigated.

The RS was measured continuously for more than one year between 2004 and 2006 using automated
chamber systems, with consideration of microtopography, at the UF and DF sites. The system
consisted of six chambers, a programmable data logger, an infrared CO; analyzer, an air pump and
some electric parts to switch airflow between the analyzer and chambers. Soil temperature and GWL
‘were measured using thermocouple thermometers and water level loggers, respectively, at both sites.

Precipitation was measured on the tower at the DF site using a tipping-bucket rain gauge. The annual
sum of precipitation was 2620 mm y" in 2005, which was almost equivalent to the mean of 2540 mm
y" obtained over nine years, whereas the seasonal pattern of precipitation differed in 2005 from the
mean pattern. In 2005, GWL peaked in late February and continued to decrease through late September,
when it increased rapidly with the onset of the rainy season at both sites. At the UF site, the minimum
and maximum GWLs were -0.63 m and 0.27 m, respectively, in 2005. At the DF site, they were -1.24
m and -0.11 m, respectively, in 2005. Daily mean soil temperature varied between 24°C and 28°C. In
analyses, daily mean RS dataset for 2005 was specifically used at both sites. At the UF site, seasonal
variation in daily mean RS showed a distinct seasonal variation with large decrease under flooded
conditions and limited variation with sharp decrease when GWL was higher than about 0.05 m.
However, RS at the DF site remained almost constant throughout the year. The RS was controlled
mainly by local hydrology. In the UF site, RS decreased sharply under flooded conditions because of
anoxia. In contrast, in the DF site, with its lower GWL, RS showed a quadratic relationship with GWL
and gradually increased as GWL decreased when GWL was lower than about -0.8 m, which was
caused chiefly by the enhancement of peat decomposition. These relationships indicate that lowenng
GWL by drainage mcreased RS, whereas annual RS was larger in the UF site (1347 gCm™ y") than in
the DF site (1225 gCm?y ") in 2005. These facts do not support the inference that RS is increased by
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drainage, although peat decomposition is expected to be larger at the DF site. The difference in annual
RS in 2005 was probably attributable to higher forest productivity in the UF site. Using the
relationships, daily RS was estimated continuously from GWL until the end of 2011 for both sites.

The DOC flux through groundwater was evaluated at the UF, DF and DB sites. It was determined by
multiplying DOC concentration by groundwater flux. Groundwater was sampled every two weeks and
DOC concentration was analyzed using a total organic carbon (TOC) analyzer. The groundwater flux
was estimated using a single tank model from evapotranspiration and precipitation, which were
measured at each site. Evapotranspiration was measured using the eddy covariance technique. Then,
specific yield and run-off coefficient at each site were given as adjustment parameters. The specific
yields were determined using relationships between precipitation and GWL. In order to evaluate the
accuracy of the model, GWL was measured continuously using water level loggers at each site from
July 2010 to January 2012, and the period of June and August was defined as the dry season in 2011.
‘The GWL ranged from -0.53 to 0.18 m, from -1.13 to -0.30 m, and from -0.50 to 0.12 m, respectively,
at the UF, DF and DB sites. The lowest GWL was measured at the DF site. The DOC concentration
" ranged from 6.41 to 54.03 mg L, from 13.42 to 78.61 mg L, and from 10.83 to 38.48 mg L,
respectively, at the UF, DF and DB sites. The highest DOC concentration was measured at the DF site.
The DOC concentration was higher in the dry season than in the wet season at each site. The highest
value was similar to a boreal peatlands. The seasonal variation was probably caused by enhanced peat
decomposition during the dry season. The RMSEs of estimated GWL by the tank model were 0.14,
0.11 and 0.10 m, respectively, for the UF, DF and DB sites. The daily groundwater flux ranged from
0.59 to 3.19 mm d”', from -1.43 to 10.37 mm d”’ and from 0.40 to 2.52 mm d”', respectively, at the UF,
DF and DB sites. The highest value was obtained at the DF site, suggesting a drainage effect.
Cumulative DOC flux in 2010 for six months at the UF, DF and DB sites were estimated at 14.45,
52.01 and 6.51 gC m™, respectively. Annual DOC flux in 2011 at the UF, DF and DB sites were 32.87,
93.82 and 14.03 gC m” y”, respectively. These results suggest that the effect of drainage was larger
than that of fires on the export of DOC through groundwater flow.

Carbon loss from soil ecosystems in tropical peatlands was assessed by the summation of RS and DOC
flux. In order to estimate it in the UF and DF sites from July 2010 to December 2011, RS was
calculated from GWL using an empirical model, which was made using field data in 2004 and 2005.
Cumnulative RS in 2010 for six months at the UF and DF sites were estimated at 599 and 640 gC m?,
respectively. Annual RS in 2011 at the UF and DF sites were 1427 and 1256 gC m? y', respectively.
As a result, total carbon losses from soil ecosystems in the UF and DF sites were summed up to 613
and 692 gC m?, respectively, for six months in 2010, and 1460 and 1350 gC m? y”, respectively, in
2011. Comparison between RS and DOC flux showed that the contribution of RS to the total carbon
loss from soil ecosystems was much higher than that of DOC flux. Total carbon loss from soil
ecosystems was larger at the DF site than at the UF site in 2010, although it was larger at the UF site in
2011. The discrepancy in carbon loss from soil ecosystems between 2010 and 2011 was due to
interannual variation in GWL that affected RS. In 2010, a La Nina year, GWL was very high for a long
period. The RS decreased under anoxic conditions created by water saturation at the UF site, whereas
RS in surface soil and litter decomposition enhanced under moist conditions at the DF site. In contrast,
in 2011, GWL decreased sharply during the dry season. The RS was greater at the UF site when GWL
decreased after flooding, it occurred when GWL dropped just below the surface. However, RS
decreased in surface soil and litter at the DF site mainly because of desiccation.
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FHmCIEIE 18, &6, SIANE 115 238 60 HOEXGRXTHD, BERX I EBHRAS
NTn3,

EKE7 7 &PLIAHTHRERRICE, HER EORRICEEND TBWRED 15~19% 748
BELTHBY, EARBORZFEZEA TS, LMWLEAETIE, BERRBLREICLDKHEE
o7, BROMBENTE> TS, PKITM TR VL) 2ETIE, EBROFLIMN
SREREL, TEMNSO 0, RN EEmMEE5, £, HTKORHE bW, BERRK
# (D00) DOHWHBEL 2., *HADHMIZ, BEHRRIBENSORKBHEZERILTZEE
BT, PR EDOREFRINRFRMICGAZEEEHLMNITEILTHD, TORED, 1
CREITHEHUT LY OMOBEREBOBEEENRAED 3 DDOEER CRIFADIRR
# (UF), gEkEN7zeptk OF), PEKRBITAKICEK o> THERLZERHERHE (DB) B0
T, 1 EIZORZD HEFREE RS) D075y IR (HRHE) 28ELik.

UF Y1 h&EDF U4 hT2005 F2hNICHHBAAT v > N—ZHWTRS ZEERIEL /2.
2005 £ GWL O&FHIX, UF 91 b & DF 91 b TENFN-0. 63~0.27, -1. 24~-0. 11 n TH
o7z, UF ¥4 FTIERS ICHABRBZEHEEAED SN, (WL 210. 05 n LA EO#EKSEH:T RS A%
KEETFLZ. ZOXD72 RS DIETIE, HBPOBENTRL, RROFISFEIMHE &
NEZEiTEDEEZEND, —F, BAREIZRSD 57 DF B R Tid, RS OFHEL
WA E o 7248, GRL & RS OFOBEFKIIMEID 2 R THELITE, WL A3-0.8 m EATFIZ
& RS MEFTZHEAMBALNZ, ZHNSORRIX, L OETHRROSBERET S Z
EERLTWSBAL, RS @ 2005 EOFEMMEIX UF Y1 5T 1347, DF ¥ bT 1225 gC m? v
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E72D, G ASEWRIEKDERMDATRELS 2oz, ZOEAIT, HHEONXERIZHK<
ELU-REROBVICEDEEISNS,

KOFETEBRIDC 7Ty 7 AL, 010 7HA~WI1E 12 BB EED3I YA LT
BRXN7Z.D0C 7 5 v 7 Ai3KD DOC WEEIZH# Bk H 2 W FAROFKRER U THEL .
YA NTLAMBEITHFKERRL, T0C 2475t TIC MEERE L. £/, HBICKR
#i Bk DOCBEEHIE L 2. KOFREIT, BAR, EREHE, L BIUOHBEOWELRED
5, 2T EFINERWTHE L. UF, DF, DB Y Fo GWL %, ZHh2h-0.53~0. 18, -1. 13
~-0.30, -0.50~0.12 n TH Y, IF ¥ hTEBEN >z, #TFKD DOC EWEEIL, 391k
TEHNLHN6.4~54.0, 13.4~78.6, 10.83~38.5mgL' TH D, DF ¥+ RTEM-7/=, F7=,
3UA FEHIZDIC BEREFETHN 722, THREBICRROFLESMIMBEE N0
FEEZLSND, KRR, 3 Y1 FTENEN0.59~3. 19, -1. 43~10. 4, 0. 40~2. 52 mm
c'THY, PRBOEBEZIZIF B b TRENS/. WHETHA~12 ABXUR W1 £
DORBEDC 75y 2 A3, UFHA FTI14.5 32.9, DF A L T52.0, 93.8, DBH- R TE. 5,
14.0 eC w' &40, PRI NLRFMH OF Y1 F) TRRKEALS-,

DOC 7 5 v 7 ADERHIRICEHET, UF 9 M & DF Y1 FDRS % GIL 5 5 #E L. DOC
75w AICRS BMA - RFHEERIL, 20107 H~12 A& 2011 &£T, UF Y1 hT 613,
1460, DF 4 FT 692, 1350 gC m? &/xo/z. HEBM S DORFEERIZLHDZHEIE, RS OF
MDC 75y 7 ALKV BNV KREN ST, WY1 MOEELETSE, 2010 £ DF &
A MTREP A, 2011 ETRUF Y1 FOEOABKREN >z, ZOBENIE, 2010 £OK
BICBRLTWS, ZOERKRIZ—ZvEHEWREL, BAENEL WL AEM>72, 20
R, FHA FPORSHKREETL, KREBHELEDL .

HERRREOBAN S, BHRRBORBIZOERIILE, REBRICEX IREHILOE
BEHSNIZTHZENEEITE> TS, FmXiE, BHERRLBOREHELZH ST
SIDITARR R TIBTER B EBFRBRNBZERAICKXOEREL, TOS5ORBIZEVE
BHRIOEZEBEIML . FRXTHLSNAR, BIZBRERRICET 2HNEOFEM2{HE
WBEFITENWENWZDS, Ko TEEZE—MEIT, Siti Sundari A2HEL (B%) O%MEZT
BITTAREBREELTWS R, |
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