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ABSTRACT

Peatlands area was known as one of the largest carbon pools. However,
burnt in peatlands area caused emission of carbon dioxide which leads to
global warming. Environmental factors such as soil temperature and soil
humidity affect the carbon dioxide emission. This study was carried out to
investigate the trend of carbon dioxide emission on burnt peat swamp,
located at Raja Musa Forest Reserve. This area had experienced forest fire
since 1996. Soil CO, emission was measured using Li-COR 8100 Automated
Soil CO, Flux System. Based on the measurements, emission rates were
ranged from 2.13 to 8.50 umol m? s™' for three months from August until
October. Correlation analysis between soil CO, emission with environmental
factors showed that soil CO, emission was significantly correlated with soil
temperature, soil humidity and peat water level. This study shows that
environmental factors significantly affect the increased in soil CO2 emission.



ABSTRAK

Tanah gambut dikenali sebagai salah satu tempat menyimpan karbon yang
terbesar. Walaubagaimanapun, kebakaran di kawasan tanah gambut
menyebabkan pembebasan karbon dioksida yang mengakibatkan
pemanasan global. Faktor persekitaran seperti suhu tanah dan kelembapan
tanah mempengaruhi pengeluaran karbon dioksida. Kajian ini telah
dijalankan untuk menyiasat arah aliran pelepasan karbon dioksida di
kawasan tanah gambut yang terbakar, di Hutan Simpan Raja Musa.
Kawasan ini telah mengalami kebakaran sejak tahun 1996. Pelepasan
karbon dioksida diukur menggunakan mesin Li-COR 8100 Automated Soill
CO;, System Flux. Berdasarkan ukuran, purata kadar pelepasan karbon
dioksida adalah 2.13 hingga 8.50 ymol m* s™ bagi tempoh tiga bulan iaitu
dari bulan Ogos hingga Oktober. Analisis korelasi pekali antara pembebasan
karbon dioksida dengan faktor persekitaran menunjukkan bahawa
pembebasan karbon dioksida mempunyai hubungan yang signifikan dengan
suhu tanah, kelembapan tanah dan paras air. Kajian ini menunjukkan
bahawa faktor persekitaran ketara memberi kesan kepada peningkatan
dalam pelepasan karbon dioksida.
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CHAPTER ONE

INTRODUCTION

1.1 General Background

Tropical peat swamp forest is known as one of the edaphic forests in
Malaysia. Peat swamp forest can be found at lowland area, especially below
30 m. Peat swamp forest is the areas under waterlogged that prevent
accumulate organic materials from decomposing. Carbon is stored in
peatlands. How peat deposit formed? According to Andriesse (1988),
peatlands deposit formed when organic materials accumulate and the
production of biomass is faster than its chemical breakdown that helps in
carbon store. Southeast Asia is known as a global centre of biodiversity as it
contains many endemic species and ecosystem including peat swamp area.
Maltby & Immirzi (1993) states that the peat swamp forests only cover a small
area of the earth, but it can store up to 525 Gt of carbon. More than 50% of
peatlands are found in Indonesia and Malaysia (Page et al., 2011). Over past
50 years, most of the peatland forests in Peninsular Malaysia have been

degraded.

It important in regulate and controlling function on the hydrology of that area. It
can act as natural filters in catchments and help in control the flooding (Ellison,
2008). Besides, it also can absorb elements and compounds which have been
released in toxic amounts into the environment. Next, peat swamps also
important in carbon reservoir especially the deep peat. How peat swamp store

high amount of carbon? Firstly, understanding about carbon cycle is important



because there are source and sink element. Carbon is being circulated back
and forth between environment and living organism (Figure 1.1). Carbon
dioxide is being produced by respiration of living things, decomposition and
combustion. Carbon dioxide is absorbed by plant or vegetation and changes it

to carbohydrate by proses of photosynthesis.

CO,
canopy

|

Figure 1.1: Various sources for carbon dioxide within a forest ecosystem
(Source: Ehleringer et al., 2000)

The main component for photosynthesis is carbon dioxide (CO;) and water
(H20). Carbon dioxide comes from the surrounding atmosphere from many
sources and uptake of water from soil via root and being converted into
carbohydrate and oxygen. Carbohydrates will be used by the plant for growth,
assimilation, storage and respiration. In respiration, oxygen will be turning
back to CO.. Litter that being produced are decomposed by microorganism

and CO; will be released. In peat swamp area, biomass of plant will be
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accumulated in large water saturated which result in slow down the organic

matter decay. This cause peat swamp acts as carbon sequestration.

According to previous study, 46% of plant biomass contains carbon. However,
peatland area becomes vulnerable due to anthropogenic activity. Nowadays,
peatland area being cleared for agricultural sector but there is a need to do the
cleaning and being drained before agricultural sector used the area, this will
lead to decomposition of the peat (Couwenberg, 2011). Peat will become high

flammable when peat is drained.

Various studies have been conducted due to the understanding the main
contribution to climate change is soil respiration. Ecosystem and distribution

type of vegetation influenced the soil respiration and vary.

1.2  Problem Statement

Carbon dioxide emission is the major cause of global warming. Solomon et al.
(2009) reported that levels of global carbon dioxide emissions tend to increase
by year. There are many factors that lead to an increase in carbon dioxide
emission such as flaring of unused gas during oil production, increase in oil
consumption, cement production and with no exception is a human activity
(deforestation). Kyoto protocol is one of the initiatives that being made to
decrease the annual carbon dioxide emission. This initiative shows that
nowadays most people tend to realize the importance to decrease carbon

dioxide emission. One of the ways to mitigate climate change is by enhancing



the metabolism of tropical biotas such as doing the tree planting (Myers &
Goreau, 1991). Carbon dioxide emission on soil is greater than at the
atmosphere (Pacala et al., 2001). To investigate the major source of carbon

dioxide, much attention needs to be on soil carbon dioxide emission.

Peat swamp forest is a unique ecosystem, even though it only covers a small
area of the earth but it can store large carbon (Maltby & Immirzi, 1993; Rieley
& Setiadi, 1997). Peat swamp can store carbon more because the areas under
waterlogged prevent the further decomposition of organic material. It can be a
strong indicator for biological activity which reflects the condition of an
ecosystem whether that area store or release more carbon. As we know the
importance of soil respiration, there is a need to understanding the contributing

factors to soil carbon dioxide emission.

Tropic cover 1/3 of the global land area and have a high diversity of biome and
also high rates of soil respiration. However, only a few measurements had
only been conducted in this area and also but ecosystem at temperate already
being present well (Andriesse, 1988). According to Mande et al. (2015),
environmental factors (abiotic and biotic) factors are important in controlling
carbon dioxide emission in the forest. Abiotic and biotic factor such as
temperature, relative humidity, type and number of microorganism and others
play a crucial role during soil respiration. As a result from this finding, there is a

need to quantify the changing in the soil respiration in a peat swamp forest.



Different biomes and vegetation will affect the soil carbon dioxide emission by
changing the soil climate and soil carbon dioxide emission (Akburak &
Makineci, 2013). Peat swamp known as carbon sequestration but changing in
peat swamp forests such as conversion of land, drainage or forest fire will
affect the carbon dioxide emission (Syaufina et al., 2004). Changing in the
land will give impact on carbon dioxide emission because of changing in
vegetation. The research on stand structure after the forest fire in RMFR that
being done by Ainuddin & Goh (2010) describes that in RMFR on burnt area
only has 10 families while on the unburnt area has 22 families means that
most of the tree had been burnt during the forest fire event. This will contribute

to CO; emission and drain in peatlands.

Therefore, it is important to understand the condition of carbon balance in that
ecosystem through soil respiration. Some of the findings conclude that the net
emission can be approximated as the balance between photosynthesis and
respiration. Hence, this study is conducted because there is a need to
understand the influence of changes in soil respiration and environmental

factor to the soil respiration after burning.



1.3 Objectives
This study aims to:
i) To analyse the hourly- and weekly trend of carbon dioxide emission on
burnt area.
ii) To determine the relationship between environmental factors and the

rate of carbon dioxide emission on burnt area.



REFERENCES

Ainuddin, A. N. (1998). Forest Fire Management: An Overview. IFFN No. 18,
January, 1998.

Ainuddin, A. N. & M. Saidy M. Yusof. (1998). Forest fire management in
Malaysia: Current practices. In Tropical forest fire, prevention, control,
rehabilitation and trans-boundary issues. Proceeding International Cross
Sectoral Forum on Forest Fire Management in South East Asia. Jakarta,
December 7- 8. BAPPENAS-JICA-ITTO. Indonesia. pp. 108-314

Ainuddin, N. A., & Goh, K. (2010). Effect of forest fire on stand structure in raja
musa peat swamp forest reserve, Selangor, Malaysia. Journal
ofEnvironmental Science and Technology, 3(1), 56-62.

Akburak, S., & Makineci, E. (2013). Temporal changes of soil respiration under
different tree species. Environmental monitoring and assessment,185(4),
3349-3358.

Andriesse J. P. (1988). Nature and Management of Tropical Peat Soils. Food
and Agriculture Organization of the United Nations Soils Bulletin no. 59. FAO.

Brown, A. P. & Davis (1973). Forest Fire, Control and Use, McGraw-Hill, N.Y.,
686 pp.

Chandler, S. F., & Dodds, J. H. (1983). The effect of phosphate, nitrogen and
sucrose on the production of phenolics and solasodine in callus cultures of
Solanum laciniatum. Plant Cell Reports, 2(4), 205-208.

Chefetz, B., Hatcher, P. G., Hadar, Y., & Chen, Y. (1996). Chemical and
biological characterization of organic matter during composting of municipal
solid waste. Journal of Environmental Quality, 25(4), 776-785.

Couwenberg, J. (2011). Greenhouse gas emissions from managed peat soils:
is the IPCC reporting guidance realistic. Mires and Peat, 8(02), 1-10.

Davidson, E., Belk, E., & Boone, R. D. (1998). Soil water content and
temperature as independent or confounded factors controlling soil respiration
in a temperate mixed hardwood forest. Global change biology,4(2), 217-227.

Devlieghere, F., Debevere, J., & Van Impe, J. (1998). Concentration of carbon
dioxide in the water-phase as a parameter to model the effect of a modified
atmosphere  on microorganisms. International  Journal of  Food
Microbiology, 43(1), 105-113.

Ehleringer, J. R., Buchmann, N., & Flanagan, L. B. (2000). Carbon isotope
ratios in belowground carbon cycle processes. Ecological Applications, 10(2),
412-422.

34



Ekblad, A., & Hogberg, P. (2001). Natural abundance of 13C in CO2 respired
from forest soils reveals speed of link between tree photosynthesis and root
respiration. Oecologia, 127(3), 305-308.

Ellison, A. M. (2008). Mangrove ecology — applications in forestry and coastal
zone management.Aquatic botany 89 (2), 77.

Giardina, C. P., Binkley, D., Ryan, M. G., Fownes, J. H., & Senock, R. S.
(2004). Belowground carbon cycling in a humid tropical forest decreases with
fertilization. Oecologia, 139(4), 545-550.

Jauhiainen, J., Takahashi, H., Heikkinen, J. E., Martikainen, P. J., & Vasander,
H. (2005). Carbon fluxes from a tropical peat swamp forest floor.Global
Change Biology, 11(10), 1788-1797.

Kang, S., Kim, S., Oh, S., & Lee, D. (2000). Predicting spatial and temporal
patterns of soil temperature based on topography, surface cover and air
temperature. Forest Ecology and Management, 136(1), 173-184.

Kelliher, F. M., Ross, D. J., Law, B. E., Baldocchi, D. D., & Rodda, N. J.
(2004). Limitations to carbon mineralization in litter and mineral soil of young
and old ponderosa pine forests. Forest Ecology and Management,191(1), 201-
213.

Kutiel, P., & Inbar, M. (1993). Fire impacts on soil nutrients and soil erosion in
a Mediterranean pine forest plantation. Catena, 20(1), 129-139.

Maltby E & Immirzi P (1993) Carbon dynamics in peatlands and other wetland
soils: regional and global perspectives.Chemosphere, 27, 999-1023.

Mande, K. H., Abdullah, A. M., Zaharin, A. A., & Ainuddin, A. N. (2014).
Drivers of soil carbon dioxide efflux in a 70 years mixed trees species of
Tropical Lowland Forest, Peninsular Malaysia. Sains Malaysiana, 43(12),
1843-1853.

Mande, H. K., Abdullah, A. M., Aris, A. Z., & Ainuddin, A. N. (2015). Factors
responsible for spatial and temporal variation of soil CO2 efflux in a 50 year

recovering tropical forest, Peninsular Malaysia. Environmental Earth
Sciences, 73(9), 5559-5569.

Masyagina, O. V., Hirano, T., Ji, D. H., Choi, D. S., Qu, L., Fujinuma, Y. &
Koike, T. (2006). Effect of spatial variation of soil respiration rates following
disturbance by timber harvesting in a larch plantation in northern
Japan. Forest Science and Technology, 2(2), 80-91.

Medina, E., & Zelwer, M. (1972). Soil respiration in tropical plant communities.

In Proceedings of the second international symposium of tropical ecology,
Athens, Georgia (pp. 245-269).

35



Moore, T., Roulet, N., & Knowles, R. (1990). Spatial and temporal variations of
methane flux from subarctic/northern boreal fens. Global Biogeochemical
Cycles, 4(1), 29-46.

Murdiyarso, D., Donato, D., Kauffman, J. B., Kurnianto, S., Stidham, M., &
Kanninen, M. (2009). Carbon storage in mangrove and peatland ecosystems:
a preliminary account from plots in Indonesia.

Myers, N., & Goreau, T. J. (1991). Tropical forests and the greenhouse effect:
a management response. In Tropical forests and climate, 215-225).

Nasihah Sakinah M. Z. (2016). Carbon Dioxide Emission of peat soil in Raja
Musa Forest Reserve. Unpublished bachelor thesis, Universiti Putra Malaysia.

Pacala, S. W., Hurtt, G. C., Baker, D., Peylin, P., Houghton, R. A., Birdsey, R.
A., Heath, L., Sundquist, E. T., Stallard, R. F., Ciais, P. & Moorcroft, P. (2001).
Consistent land-and atmosphere-based IR carbon sink
estimates. Science, 292(5525), 2316-2320.

Page, S. E., Rieley, J. O., & Banks, C.J. (2011). Global and regional
importance of the tropical peatland carbon pool. Global Change Biology,17(2),
798-818.

Parkinson, D. & Coups, E. (1963). Microbial activity in a podzol. Soil
organisms, 167-175.

Phang, T. J. & Effendi, M. K. (1997). Proceedings of the GEF Inception
Workshop on Conservation and Sustainable Use of Peat Swamp Forest in
Malaysia. In GEF Inception Workshop on Conservation and Sustainable Use
of Peat Swamp Forest in Malaysia (1997: Kuala Lumpur, Malaysia). Ministry of
Science, Technology and the Environment.

Raich, J. W., & Schlesinger, W. H. (1992). The global carbon dioxide flux in
soil respiration and its relationship to vegetation and climate. Tellus B, 44(2),
81-99.

Raich J. W. & Potter C. S. (1995). Global patterns of carbon dioxide emissions
from soils. Global Biogeochem Cycles 9, 23-36.

Raich, J. W. & Tufekciogul, A. (2000). Vegetation and soil respiration:
correlations and controls. Biogeochemistry, 48(1), 71-90.

Richard, P. W., (1979). The Tropical Rain Forest: An Ecological Study, 291-
292

Rieley J. O & Setiadi B (1997) Role of tropical peatlands in global carbon
balance: preliminary findings from the high peats of Central Kalimantan,
Indonesia. Alami, 2, 52-56

36



Rustad, L. E., Campbell, J., Marion, G., Norby, R., Mitchell, M., Hartley, A.,
Cornelissen, J. & Gurevitch, J. (2001). A meta-analysis of the response of soil
respiration, net nitrogen mineralization, and aboveground plant growth to
experimental ecosystem warming. Oecologia, 126(4), 543-562.

Ryan, M. G., & Law, B. E. (2005). Interpreting, measuring, and modelling soil
respiration. Biogeochemistry 73(1), 3-27.

Shi, Z., Li, Y., Wang, S., Wang, G., Ruan, H., He, R. & Zhang, Z. (2009).
Accelerated soil CO2 efflux after conversion from secondary oak forest to pine
plantation in southeastern China. Ecological research, 24(6), 1257-1265.

Solomon, S., Plattner, G. K., Knutti, R., & Friedlingstein, P. (2009). Irreversible
climate change due to carbon dioxide emissions. Proceedings of the national
academy of sciences, pnas-0812721106.

Syaufina, L., Nuruddin, A. A., Basharuddin, J., See, L. F., & Yusof, M. R. M.
(2004). The effects of climatic variations on peat swamp forest condition and
peat combustibility. Jurnal Manajemen Hutan Tropika, 10(1).

Van Schreven, D. A. (1967). The effect of intermittent drying and wetting of a
calcareous soil on carbon and nitrogen mineralization. Plant and Soil, 26(1),
14-32.

Whitten T., Damanik S. J., Anwar J. & Hisyam N. (2000). Freshwater Habitats.
In: The ecology of Sumatra, Indonesia series. Periplus editions (HK) Ltd.

Zakaria, S., & Selamat, Z. (2002). Formation of peat basin, its properties and
fire management, prevention and control of fire in peatlands, 28.

37





