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Mangrove forest is one of the fifth forest types found in Sarawak and its existence is 

beneficial for economic activities and ecology balancing. A study of a mangrove 

forests in sequestering carbon and related chemical soil properties was conducted at 

Wildlife Sanctuary Sibuti, Miri (WSSM) Mangrove Forest and Awat-Awat Lawas, 

Limbang (AALL) Mangrove Forest. The objectives of this study were to: (i) compare 

selected soil chemical properties of the two mangrove forests and (ii) compare their 

carbon storage with time. A total of 320 soil samples were collected from WSSM 

and AALL, 40 soil samples were collected from each study site for 4 sampling time. 

The first soil sampling were conducted in December 2009 (WSSM) and January 

2010 (AALL), the second soil sampling was carried out in June 2010, the third soil 

sampling was conducted in August 2013, and the fourth sampling was carried out in 

October 2013. The first part of this study was to determine soil chemical properties 

of the mangrove forest in Sarawak. A contemporary mangrove soil condition is 

essential for addressing mangrove forest for carbon storage, and environmental 

balance. Mangrove soil samples were taken from Miri and Limbang Division of 

Sarawak at 0-30 cm depth in a 0.5 hectare plot. Selected soil chemical properties 

were determined and data obtained were analyzed using Statistical Analysis System 

(SAS) Version 9.2. Soil pH was determined using water and 1N KCl, soil organic 

matter and total carbon were analyzed using CHNS analyzer, total N was determined 

using Kjeldahl method, total P was determined using Aqua Regia method, cation 

exchange capacity was determined using leaching method, and humic acids were 

isolated using standard procedures. The soil acidity, total N, total P, CEC, and humic 

acid of both locations were significantly different except for total carbon and organic 

matter. Regional diversity has significant effects on the soil acidity, total N, total P, 

CEC and yield of humic acids of the study areas. Data obtained can be useful for 

further study on carbon stock and nutrients content.  The second part of the study 

was to determine the potential of mangrove soil to store carbon and the soil condition 

between intervals of vegetation growth. This study examined the potential of the two 

mangrove forests soil to store carbon. Soil sampling was conducted in December 

2009, January 2010, June 2010, August 2013, and October 2013, respectively, to 

study the effects of location and time. Soil carbon, soil organic matter, and stable 

carbon from humic acids were analyzed using CHNS analyzer. Bulk density was 

determined using coring method. Soil pH, total P, total N, CEC, and humic acids 

were determined as previously outlined. There were significant effects on soil total C 

at WSSM and AALL. The quantities of total C recorded at WSSM ranged from 
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29.50 Mg ha-1 (December 2009) to 90.16 Mg ha-1 (October 2013) while those of for 

AALL ranged from 38.94 to 48.49 Mg ha-1. The quantity of stable carbon in humic 

acids for WSSM in December 2009 was 1.34 Mg ha-1, June 2010 was 1.65 Mg ha-1, 

August 2013 was 1.69 Mg ha-1, and October 2013 was 1.12 Mg ha-1, For AALL; 

January 2010 was 1.95 Mg ha-1, June 2010 was 1.28 Mg ha-1, August 2013 was 0.56 

Mg ha-1, and October 2013 was 0.48 Mg ha-1. The soil in both mangrove forests was 

acidic as pH values were as follows; (i) WSSM: 2.67 to 4.90 (in water) and 2.51 to 

4.44 in pH (in KCl), and (ii) AALL: 2.44 to 3.73 (in water) and 2.40 to 3.68 (in KCl). 

The value of C:N ratios of the two sites were also very high ranging between 35.93 

to 182.86. Based on comparison between WSSM and AALL, it was concluded that 

there were significant differences of soil pH in water and in KCl, total N and total P 

for first and second sampling. The soil at WSSM was more acidic than AALL and 

had higher amounts of soil organic matter, total N and total P. Soil of WSSM 

mangrove forest was better than AALL mangrove forest because when comparison 

was made between location during first soil sampling, WSSM showed higher content 

of organic matter, total C, total N, total P and cation exchange capacity. The 

significant difference of total soil C and stable C in humic acid were recorded at both 

study areas and comparison between times suggests that the mangrove soil has the 

potential to store carbon. However the ability of the mangroves to store C sediment 

depends on forest performance, the rate of decomposition, plant residue, locality, 

vegetation density and organic compounds. 
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Oleh 

EMPI RAMBOK 

Julai 2013 

 

Pengerusi : Profesor Madya Seca Gandaseca, PhD  

Fakulti : Sains Pertanian dan Makanan 

 

 

Hutan bakau merupakan salah satu daripada lima jenis hutan yang  terdapat di 

Sarawak dan kewujudannya penting untuk aktiviti ekonomi dan alam sekitar. Satu 

kajian telah dilakukan di hutan bakau berkenaan pontensinya untuk menyimpan 

karbon and status semasa sifat-sifat kimia tanah di Santuari Hidupan Liar Sibuti, Miri 

(WSSM) dan Awat-Awat Lawas, Limbang (AALL). Objektif kajian ini adalah 

untuk: (i) membandingkan sifat-sifat terpilih kimia tanah dua hutan bakau dan (ii) 

membandingkan kadar penyimpanan karbon dalam tempoh suatu masa. Sejumlah 

320 sampel tanah telah dikumpulkan dari WSSM dan AALL, di mana sebanyak 40 

sampel tanah telah diambil dari setiap satu kajian tapak untuk pensampelan sebanyak 

empat kali. Pensampelan tanah yang pertama telah dijalankan pada Disember 2009 

(WSSM) dan Januari 2010 (AALL), dan pensampelan tanah kedua telah dijalankan 

pada bulan Jun 2010, pensampelan tanah ketiga pada Ogos 2013, dan pensampelan 

tanah keemapat pada Oktober 2013 bagi kedua-dua plot kajian. Bahagian pertama 

kajian ini adalah untuk menentukan sifat-sifat kimia tanah hutan bakau di Sarawak. 

Sampel tanah hutan bakau telah diambil dari hutan bakau yang terdapat di bahagian 

Miri dan Limbang pada kedalaman 0-30 cm di dalam plot yang bersaiz 0.5 hektar. 

Sifat-sifat kimia tanah terpilih telah dikaji dan hasil yang diperolehi telah dianalisis 

menggunakan ‘Statistical Analysis System’ (SAS) Versi 9.2. pH tanah telah 

ditentukan dengan menggunakan kaedah 1N KCl dan air, bahan organik dan jumlah 

karbon telah dianalisis menggunakan ‘CHNS analyzer’, jumlah N telah ditentukan 

menggunakan ‘Kjeldahl method’, jumlah P ditentukan menggunakan kaedah Aqua 

Regia, kapasiti pertukaran kation telah ditentukan dengan menggunakan kaedah larut 

lesap, dan asid humik dengan menggunakan kaedah yang dibuat oleh Stevenson dan 

Ahmed. Keasidan tanah, jumlah N, P, CEC dan asid humik bagi kedua-dua lokasi 

menunjukkan perbezaan yang ketara manakala jumlah karbon dan bahan organik di 

dalam tanah adalah sama. Perbezaan lokasi menunjukkan kesan yang signifikan 

terhadap keasidan tanah, jumlah N, P, CEC dan jumlah asid humik. Data yang 

diperolehi dapat digunakan untuk kajian yang seterusnya bagi penyimpanan karbon 

dan kandungan nutrien. Bahagian kedua kajian telah menyelidik potensi tanah hutan 

bakau untuk menyimpan karbon dan kualiti tanah dalam jangka masa tertentu 

pertumbuhan di hutan. Pengambilan sampel tanah telah dilakukan pada Disember 

2009, Januari 2010, Jun 2010, Ogos 2013 dan Oktober 2013 untuk menentukan 

kesan perbezaan lokasi dan masa. Karbon di dalam tanah, bahan organik dan karbon 

stabil dari asid humik telah dikaji melalui ‘CHNS analyzer’. Ketumpatan pukal telah 

ditentukan menggunakan kaedah ‘coring’. pH tanah, P, N, CEC, dan asid humik 
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telah ditentukan seperti yang digariskan sebelum ini. Terdapat kesan perbezaan bagi 

peyimpanan karbon di tanah untuk AALL antara jarak pertumbuhan hutan selama 

enam bulan. Kuantiti jumlah C yang dicatatkan untuk WSSM ialah di antara nilai 

29.50 Mg ha-1 (Disember 2009) hingga 90.16 Mg ha-1 (Oktober 2013) dan nilai yang 

diperolehi di AALL bermula dari 38.94 hingga 48.49 Mg ha-1. Kuantiti karbon stabil 

dari asid humik dalam Mg ha -1 di  WSSM; Disember 2009 ialah 1.34 Mg ha-1, Jun 

2010 ialah 1.64 Mg ha-1, Ogos 2013 ialah 1.69 Mg ha-1 dan Oktober 2013 ialah 1.12 

Mg ha-1, manakala untuk AALL; Januari 2010 ialah 1.95 Mg ha-1, Jun 2010 ialah 

1.28 Mg ha-1, Ogos 2013 0.56 Mg ha-1, Oktober 2013 ialah  0.48 Mg ha-1. Mendapan 

tanah di kedua-dua lokasi kajian adalah berasid dan terletak dalam lingkungan: (i) 

WSSM, 2.67 hingga 4.90 (dalam air) dan 2.51 hingga 4.44 (dalam KCl), dan (ii) 

AALL: 2.44 hingga 3.73 (dalam air) dan 2.40 hingga 3.68 (dalam KCl). Nilai nisbah 

C:N yang dicatatkan bagi kedua-dua hutan bakau adalah sangat tinggi yakni di antara 

35.93 hingga 182.86. Perbandingan antara WSSM dan AALL menyimpulkan 

bahawa terdapat perbezaan yang ketara bagi keasidan tanah dalam air dan dalam 

KCl, nitrogen, dan fosforus untuk kajian pertama dan kedua. Tanah di WSSM adalah 

lebih berasid jika dibandingkan dengan tanah di AALL dan juga mempunyai 

kandungan bahan organik, nitrogen dan fosforus yang tinggi. Disimpulkan bahawa 

tanah di WSSM adalah lebih baik dari AALL. Perbezaan yang signifikan dari jumlah 

karbon di dalam tanah dan karbon stabil dari asid humik telah dicatatkan di kedua 

dua lokasi dan perbezaan antara masa pertumbuhan menyimpulkan bahawa tanah di 

hutan bakau berpotensi untuk menyimpan karbon di dalam tanah. 

Walaubagaimanapun, kebolehannya bergantung kepada pertumbuhan hutan, kadar 

penguraian, sisa-sisa tumbuhan, lokasi, masa, sebatian dan bahan organik.  
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17 N - Nitrogen 

18 NaOH - Sodium Hydroxide 

19 (NH4)6 Mo7O24 - Ammonium Molibdate 

20 NH4OAc - Ammonium Acetate 

21 OM - Organic Matter 

22 P - Phosphorus 
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CHAPTER 1 

INTRODUCTION 

 

 

1.1 Background 

Mangrove forests have productive role in the ecosystems and majority of them are 

found in the sheltered shores in tropical areas. In Sarawak Malaysia, there are 

approximately 172,792 hectare (ha) of mangrove forests along the coastline regions 

(Bennett and Reynolds, 1993; IPIECA, 1993). They are responsible for the 

ecosystems development due to their high values. They also provide valuable 

services and goods such as timber, tourism, and aquaculture to human and also for 

protection of the environment (Bennett and Reynolds, 1993). 

 

 

Forest ecosystems are the most prominent carbon sink on the earth surface. 

Approximately 60% of carbon in forest is stored as organic material in the soils 

(Janssen et al., 1999).  Deforestation and land-use change affects soil carbon storage 

because soils are either carbon source or pool depending on the variable response of 

carbon pool to land-cover change (Power et al., 2004). Thus, deforestation and 

inappropriate land-use practices have caused several environmental complications 

such as reduction of soil organic carbon through decreased carbon sequestration and 

increased carbon dioxide (CO2) emission to the atmosphere (Paustian et al., 2000).  

 

 

Plants grow in the forest through the process of photosynthesis use solar energy to 

assimilate atmospheric CO2 into organic compound. Rate of photosynthesis in 

mangrove forests are different depending on many factors, such as light intensity, 

temperature, nutrient and water availability, salinity, tidal range, stand age, species 

composition, wave energy and weather (Alongi, 2009).  

 

 

Mangrove forests are recognized for their high primary production capacity. 

Vegetations growing in the mangrove forests leads to remove and absorb CO2 from 

the atmosphere through photosynthesis and sequester soil organic carbon in the soil. 

The organic carbon in soils and sediment are released to atmosphere as CO2 when 

mangrove forests are waterlogged or otherwise altered and the soil which is rich in 

organic matter oxidized. They also have a high carbon sink and could contribute 

relatively more to global carbon exchange (De La Cruz, 1986). 

 

 

1.2 Problem Statement 

The vast area of mangrove forests in Sarawak is decreasing. According to Ahmad, 

(1989) and Tan and Basiron, (2000) the 174 000 ha mangrove forest in Sarawak 

decreased to 104 181 ha in 2000. Conversion of mangrove forests in Sarawak was for 

ecological and economic purposes. Moreover, mangrove forest plays an important 

role to sustain the ecosystem and ecology. It can be beneficially used as buffer zone 

to protect shoreline, nutrient cycling, and carbon sequestration.  

© C
OPYRIG

HT U
PM



2 
 

Generally, depletion of forest cover relates to issues of global warming. Plants during 

photosynthesis synthesize carbon dioxide together with solar radiation in the 

atmosphere to form glucose and release oxygen. Some of the carbon dioxide utilized 

and absorbed by plants are restored in their plant tissues and in soil in organic form. 

On this basis, the primary production and forest performance are the key factors to 

reduce the amount of CO2 in the atmosphere. Carbon ‘storage and carbon 

sequestration’ in the mangroves ecosystem can be the best processes to reduce the 

impact of global warming as mangroves store and sequester carbon in belowground 

(soil C) and aboveground (plant) biomass. Mangrove which is one of the fifth forest 

types found in Sarawak is highlighted to determine the belowground (soil) carbon 

storage due to the high interest to investigate these forests potential.  

 

 

There are few published data and study on the potential of mangrove forests as 

belowground carbon storage in Sarawak. Despite few studies of carbon storage of 

mangrove forests in Sarawak, the data are insufficient to facilitate direct comparison 

across the mangrove forests as carbon pools obtained from different locations of 

mangrove forests in Sarawak. This little information and output hinders any attempt 

to optimally utilize the findings of the studies. On this basis, the determination of 

mangrove forests as carbon pools from different forests location is important in 

addressing mangrove forests for carbon storage, and environmental issues. This 

study also looked into the capability of biomass as one of the approaches to assess 

atmospheric carbon utilized by trees. 

 

 

Forest performance is highly related to the soil properties. It is necessary to 

determine the characteristics of soil in a mangrove ecosystem in order to understand 

how these selected soil chemical properties affect the mangrove’s soil carbon 

sequestration. From the findings, hopefully the best strategy and management plan 

can be developed for the mangrove ecosystems.  

 

 

1.3 Objectives 

The objectives of this study were as follows: 

1. To determine and compare selected soil chemical properties of the Wildlife 

Sanctuary Sibuti, Miri and Awat-Awat Lawas, Limbang mangrove forests. 

2. To determine and compare sediment carbon storage with time of the Wildlife 

Sanctuary Sibuti, Miri and Awat-Awat Lawas, Limbang mangrove forests. 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



49 
 

REFERENCES 

 

 

Adams, T.M. and Adams, S.N. (1983). The effects of liming and soil pH on carbon  

and nitrogen contained in the soil biomass. Journal of Agricultural 

Science.101: 553-558. 

Ahmad, A.R. (1989). Country report: Malaysia. In Mangrove Management: Its  

Ecological and Economic Consideration (pp. 39-41) Bogor Indonesia: 

Seameo-Biotrop.  

Ahmed, O.H., Husni, M.H.A., Anuar, A.R., Hanafi, M.M. and Angela, E.D.S.  

(2004). A modified way of producing humic acid from composted pineapple 

leaves. Journal of Sustainable Agriculture. 25: 129-139. 

Ahmed, E.A. and Khedr, A.A. (2007). Zonation Pattern of Avicennia marina and  

Rhizophora mucronata along the Red Sea Coast, Egypt. World Applied 

Sciences Journal. 2 (4): 283-288. 

Aiken, G.R., McKnight, D.M., Wershaw, R.L. and MacCarthy, P. (1985). An  

introduction to humic substances in soil, sediment and water. In Introduction 

to Humic Subtances in Soil, Sediment, and Water, ed. G.R. Aiken, D.M. 

McKnight, R.L. Wershaw and P. MacCarthy, pp. 1-9. New York: John Wiley 

and Sons. 

Akram, A., Alfarhan,A., Robinson, E., and Altesan, W. (2009). Soil quality of die off  

and die back mangrove grown at al-Jubail area (Saudi Arabia) of theArabian 

Gulf. American Journal of Applied Sciences. 6: 498-506. 

Alongi, D.M. (1996). The dynamics of benthic nutrient pools and fluxes in tropical  

mangrove forests. Journal of Marine Research. 54: 123-148.  

Alongi, D.M. (2009). The energetics of mangrove forests. USA: Springer. 

Anton, E.S., Gandaseca, S., Ahmed, O.H. and Majid, N.M.A. (2009). Influence  

of chemical properties on soil carbon storage of a tropical peat swamp forest. 

American Journal of Applied Sciences. 6: 1969-1972.  

Batjes, N.H. (1996). Total carbon and nitrogen in the soils of the world. European  

Journal of Soil Science. 47: 157-161. 

Bennett, E.L. and Reynolds, C.J. (1993). The value of a mangrove area in Sarawak.  

Biodiversity Conservation. 2: 359-375.  

Berg, M.G. and Gardner,E.H. (1978). Methods of soil analysis used in the soil testing  

laboratory at Oregon State University. The Valley Library. 

Boto, K.V. and Wellington, J.T. (1984). Soil characteristics and nutrient  status in a  

Northern Australian mangrove forest. Estuaries. 7(1): 61-69.  

Bouillon, S., Borges, A.V., Castaneda-Moya, E., Diele, K., Dittmar, T., Duke, N.C.,  

Kristensen, E., Lee, S.Y., Marchand, C.,  Middleburg, J.J., Rivera-Monroy 

V.H., Smith III T. J. and Twilley, R.R. (2008). Mangrove production and 

carbon sink: A revision of global estimates. Global Biogeochemical Cycles. 

22: 1-12.  

Brady, N.C. and Weil, R.R. (2002). The nature and properties of soils, 13th edition.  

New Jersey: Pearson Education Inc. 

Bray, R.H. and Kurtz,L.T. (1945). Determination of total, organic and available  

forms of phosphorus in soils. Soil Science. 59: 39-46. 

Cardona, P. and Botero, L. (1998). Soil characteristics and vegetation structure in a  

heavily deteriorated mangrove forest in the Caribbean Coast of Colombia. 

Biotropica. 30(1): 24-34. 

 

© C
OPYRIG

HT U
PM

http://www.google.com.my/url?sa=t&rct=j&q=j.%20marine%20res&source=web&cd=1&cad=rja&ved=0CDEQFjAA&url=http%3A%2F%2Fpeabody.yale.edu%2Fscientific-publications%2Fjournal-marine-research%2Fhome&ei=FhEcUYmKHbGViAf1k4DoAw&usg=AFQjCNFuUWXP3SfwpYUcti6EZEdMsZMXGQ&bvm=bv.42261806,d.aGc


50 
 

Ceron-Breton, J.G., Ceron-Breton, R.M., Rangel-Marron, M., Muriel-García, M.,  

Cordova-Quiroz, A.V. and Estrella-Cahuich, A. (2011). Determination of 

carbon sequestration rate in soil of a mangrove forest in Campeche, Mexico. 

International Journal of Energy and Environment. 3(5): 328-336. 

Ceron-Breton, R.M., Ceron-Breton, J.G., Sanchez-Junco, R.C., Damian-Hernandez,  

D.L., Guerra-Santos, J.J., Muriel-Garcia, M. and Cordova-Quiroz, A.V. 

(2011). Evaluation of carbon sequestration potential in mangrove forest at 

three estuarine sites in Campeche, Mexico. International Journal of Energy 

and Environment. 4(5): 487-494. 

Chen, X. (2006). Tree diversity, carbon storage and soil nutrient in an old-growth  

forest at Changbai Mountain, Northeast China. Communications in Soil 

Sciences and Plant Analysis. 37 (3): 363-375.  

Chong, V.C. (2006). Sustainable utilization and management of Mangrove  

ecosystems of Malaysia. Aquatic Ecosystem Health and Management. 9(2): 

249-260.  

Cottenie, A., 1980. Soil and Plant Testing as a Basis of Fertilizer  

Recommendation. 1st edition. Rome: Food and Agriculture Organization of 

the United Nations. 

Curtin, D., Campbell, C.A. and Jalil, A. (1998). Effects of acidity on mineralisation:  

pH-dependence of organic matter mineralisation in weakly acidic soils. Soil 

Biology and Biochemistry. 30: 57-64. 

De La Cruz, A.A. (1986). Tropical wetlands as a carbon cource. Aquatic Botany. 25:  

109-115. 

DeFries, R., Achard, F., Brown, S., Herold, M., Murdiyarso, D., Schlamadinger, B. 

and de Souza, C. (2007). Earth observations for estimating greenhouse gas 

emissions from deforestation in developing countries. Environ. Sci. Policy. 

10: 85–94. 

Dixon, R.K. and Wisniewski, J. (1995). Global forest systems: an uncertain response  

to atmospheric pollutants and global climate change. Water Air Soil 

Pollution. 85: 101-110. 

Duke, N.C. (2006). Rhizophora apiculata, R. mucronata, R. stylosa, R. × annamalai,  

R. × lamarckii (Indo–West Pacific stilt mangrove). Species Profiles for 

Pacific Island Agroforestry. Permanent Agriculture Resources. April 2006, 

pp.1- 21. 

Empi, R., Gandaseca, S., Ahmed, O.H. and Majid N.M.A. (2010). Comparison of  

selected soil chemical properties of two different mangrove forests in 

Sarawak. American Journal of Environmental Sciences. 6 (5): 438-441.  

Fiala, K. and Krhovjakova, J. 2008. Application of lossof- ignition method to the soil  

organic carbon determination. Geophysical Research Abstracts. 10: 1-2. 

Fisher, R.F. and Binkley, D. (2000). Ecology and management of forest soils, 3rd  

edition. New York: John Wiley & Sons, Inc.  

Fujimoto, K., Imaya, A., Tabuchi, R., Kuramoto, S., Utsugi, H. and Murofushi, T.  

(1999). Belowground carbon storage of Micronesian mangrove forests. 

Ecological Research. 14(4): 409-413.  

Gracia, D., Cegarra, J., Bernal, M.P. and Navarro, A. (1993). Comparative evaluation  

of methods employing alkali and sodium pyrophosphate to extract humic 

substances from peat. Communication in Soil Science and Plant Analysis. 

24(13-14): 1481-1494. 

Hasrizal, S., Kamaruzzaman, B.Y., Sakri, I. Ong, M.C. and Azhar ,M.S.N. (2009).  

© C
OPYRIG

HT U
PM

http://www.google.com.my/url?sa=t&rct=j&q=geophys.%20res.%20abstr&source=web&cd=1&ved=0CDAQFjAA&url=http%3A%2F%2Fwww.geophysical-research-abstracts.net%2Fvolumes.html&ei=IwIcUfvbN8z9rAfbp4DABw&usg=AFQjCNHROOYR1hqFG2qcUy5Q5OHcRKtQMA&bvm=bv.42261806,d.bmk&cad=rja


51 
 

Seasonal distribution of organic carbon in the surface sediments of the 

Terengganu Nearshore coastal area. American  Journal of Environmental. 

Science. 5: 111-115. 

Hatcher, P.G., Breger, L.A., Maciel, G.E. and Szeverenyi, N.M. (1985).  

Geochemistry of humin. In Humic Substances in Soil, Sediment, and Water. 

Geochemistry, Isolation, and Characterization, ed. G.R. Aiken, D.M. 

McKnight, R.L. Wershaw, P. MacCarthy, pp. 275-302. New York: Wiley 

Inter Science. 

Hogarth, P.J. (1999). The Biology of Mangroves 1st edition. United States: Oxford  

University Press. 

Hogarth, P.J. (2007). The Biology of Mangroves and Seagrasses. New York: Oxford  

University Press.  

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007,  

4th Assessment, Working Group III Report: Mitigation of Climate Change. In 

Intergovernmental Panel on Climate Change. Cambridge: Cambridge 

University Press.  

International Petroleum Industry Environmental Conservation Association (IPIECA)  

(1993). Biological Impacts of Oil Pollution: Mangroves. London: United 

Kingdom. 

Janssen, I.A., Sampson, D.A., Meiresome, J., Riguzzi, L. and Geulemans, R. (1999).  

Aboveground and belowground phytomass and carbon storage in a Belgian 

Scots pine stand. Annuals of Forest Science. 56: 81-90. 

Jeyanny, V., Suhaimi W. C., Wan Rasidah, K., Ali, F. and Azian, M. (2009). 

Preliminary analysis of soil properties of an eroding mangrove shore in 

Selangor, Malaysia. International Society for Mangrove Ecosystems (ISME). 

7(3): 5-6. 

Jones, Jr.J.B.,(2001). Laboratory Guide for Conducting Soil Tests and Plant  

Analysis 1st edition. Unites State of America: CRC Press. 

Kristensen, E., Bouillon, S., Dittmar, T. and Marchand, C. (2008). Organic  

carbon dynamics in mangrove ecosystems: A review. Aquatic Botany. 89: 

201-209.  

Lallier-Verges, E., Perrussel, B.P., Disnar J.R. and Baltzer F. (1998). The  

relationship between environmental conditions and the diagenetic evolution 

of organic matter derived from higher plant in a present mangrove swamp 

forest system. Organization Geochemistry. 29: 1663-1686.   

Lal, R. (2004). Carbon sequestration in soils of central Asia. Land Degradation and  

Development. 15: 563-572. 

Lee, Y. L. (2011). The mangroves of Kota Kinabalu wetlands. Sabah Society  

Journal. 28: 23-38.   

Lu, D., Moran, E. and Mausel, P. (2002). Linking Amazonian secondary succession  

forest growth to soil properties. Land Degradation and Development. 13: 

331-343. 

Matsui, N. (998). Estimated stocks of organic carbon in mangrove roots and  

sediments in Hinchinbrook Channel, Australia. Mangroves and Salt Marshes. 

2 (4): 199–204.  

Matsui, N., Morimune, K., Meepol, W. and Chukwamdee, J. (2012). Ten Year 

Evalution of Carbon Stock in Mangrove Plantation Reforsted from an 

Abandoned Shrimp Pond. Forest. 3:431-444. 

McColl, J.G. and Gressel, N. (1995). Forest organic matter: characterization and  

© C
OPYRIG

HT U
PM



52 
 

modern methods for analysis. In Carbon forms and functions in forest spoils, 

ed. W.W. McFee and J.M. Kelly. pp. 13-32. Madison, WI: Soil Science 

Society of America. 

McKee, K.L. and McGinnis, T.E. (2002). Hurricance Mitch Effects on Mangrove  

Soil Characteristics and Root Contribution to Soil Stabilization. USGS Open 

File Report. U.S. Department of Interior. 

Milori, D.M.B.P, Neto, L.M, Bayer, C., Mielnczuk, J. and bagnato, V.S. (2002). 

Humification Degree of Soil Humic Acids Determined by Fluorescence 

Spectroscopy. Soil Science. 167 (11): 1-10. 

Mitsch, W.J. and Gosselink, J.G. (2007). Wetland 4th edition. United States: John  

Wiley & Son Inc. 

Moran, E.F. and Brondizio, E.S. (1998). Land-use change after deforestation in  

Amazonia. In People and Pixels: Linking remote sensing and social science, 

ed. D. Liverman, E.F. Moran, R.R. Rindfuss, and P.C. Stern, pp. 94-120. 

Washington, DC: National Academy Press. 

Morris, S.J., Bohm, S., Mariam, S.H. and Pauls, E.A. (2007). Evaluation of carbon  

accrual in afforested agricultural soils. Global Change Biology. 13: 1145-

1156. 

Murphy, J. and Riley, J.P. (1962). A modified single solution method for the  

determination of phosphate in natural waters. Analytica Chimica Acta. 27: 31-

36. 

Noraini, R., Seca, G., Johin, N. and Chandra, I.A. (2011).Status of Water Quality 

Based on the Physico-Chemical Assessment onRiver Water at Wildlife 

Sanctuary Sibuti Mangrove Forest, Miri Sarawak. American Journal of 

Environmental Sciences. 7 (3): 269-275. 
Ong, J.E. (1993). Mangroves – a carbon source and sink. Chemosphere. 27: 1097- 

1107.  

Orlov, D.S. (1986). Humus acids of soils. Rotterdam: Balkema. 

Paustian, K., Six, J., Elliot, E.T. and Hunt, H.W. (2000). Management options for  

reducing CO2 emissions from agricultural soils. Biogeochemistry. 48: 147-

163. 

Power, J.S., Read, J.M., Denslow, J.M. and Guzmans, S.M. (2004). Estimating soil  

carbon fluxes following land-cover change: A test of some critical 

assumptions for a region in Costa Rica. Global Change Biology. 6: 317 – 327. 

Saberi, O. (1989). The rate of litter production in mangrove forest at Siar  Beach,  

Lundu, Sarawak. Pertanika. 12(1): 47-51. 

Salimin, M.I., Gandaseca, S., Ahmed, O.H. and Majid, N.M.A. (2010).  

Comparison of selected chemical properties of peat swamp soil before and 

after timber harvesting. American Journal of Environmental Sciences. 6: 164-

167. 

Schmidt, E.L. (1982). Nitrification in soil. In Nitrogen in agricultural soils, ed. F.J.  

Stevenson, pp. 253-288. Madison, WI: American Society of Agronomy. 

Schnitzer, M. (1991). Soil organic matter – the next 75 years. Soil Science 

151: 41-48. 

Schnitzer, M. (1991). Soil organic matter – the next 75 years. Soil Science 151: 41-

48. 

Shazra, A., Rasheed, S. and Ansari A.A. (2008). Study on the ecosystem in  

Maldives. Global Journal of Environment Research. 2(2): 84-86. 

Stevenson, F.J. (1994). Humus Chemistry: Genesis, Composition and Reactions, 2nd  

Edition. New York: John Wiley and Sons. 

© C
OPYRIG

HT U
PM



53 
 

Sukardjo, S. (1994). Soils in the mangrove forest of the Apar Nature Reserve,  

Tanah Grogot, East Kalimantan, Indonesia. Southeast Asian Studies. 

32(3): 385-398. 

Suratman, M. Carbon sequestration potential of mangroves in Southeast Asia.  

Managing Forest Ecosystems: The Challenge of Climate Change. 2008, pp: 

297-315. 

Tan, K.H. (2003). Humic Matter in Soil and the Environment: Principles and  

Controversies. 1st ed. New York: Marcel Dekker Inc. 

Tan, K.H. (2005). Soil Sampling Preparation and Analysis. 2nd edition. New York:  

Taylor and Francis.  

Tan, K. H. and Basiron, N.M. Conservation, development and management of  

mangrove resources in Malaysia: Issues, challenges and opportunities. Paper 

presented at the International Symposium on Protection and Management of 

Coastal Marine Ecosystems, Bangkok, Thailand. December 2000.  

Twilley, R.R, Chen, R.H. and Hargis, T. (1992). Carbon sinks in mangrove  

and their implication to carbon budget of tropical coastal ecosystem. Water, 

Air and Soil Pollution. 64: 265-288.  

Wild, A. (1993). Soils and environment: An Introduction. United Kingdom:  

Cambridge University Press. 

Zhang, J.P., Shen, C.D., Ren, H., Wang, J. and Han, W.D. (2012). Estimating 

change in sedimentary organic carbon content during mangrove restoration in  

southern China using carbon isotopic measurements. Pedosphere. 

22(1):58–66. 

Zhang, J.P., Yi, W.X., Shen, C.D., Ding, P., Dings, X.F., Fu, D.P. and Liu, K.X. 

(2013). Quantification of Sedimentary Organic Carbon Storage and Turnover 

of Tidal Mangrove Stands in Southern China Based on Carbon Isotopic 

Measurements. Radiocarbon. 55: 1665-1674. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



75 
 

BIODATA OF STUDENT 

 

 

Empi anak Rambok was born on 5th December1986 in Bintulu, Sarawak. He studied 

in Sekolah Rendah Kebangsaan Iban Union in 1991 and then contined his study in 

Sekolah Menengah Ulu Balingian (lower secondary, 1999-2001) and Sekolah 

Menengah Bandar Bintulu (upper secondary, 2002-2003). Empi pursued his study in 

Matriculation College after Sijil Pelajaran Malaysa (SPM) and undergraduate 

programme at Universiti Putra Malaysia from 2005-2009.  He is currently 

undertaking Master of Science (Forestry) in Faculty of Agriculture and Food 

Sciences, Universiti Putra Malaysia, Bintulu Sarawak Campus. He attended Sarawak 

Biological Resources Forum 2010 in Kuching, Sarawak and International 

Symposium on Forestry and Forest Product 2010 in Kuala Lumpur, Malaysia as a 

poster presenter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



76 
 

LIST OF PUBLICATIONS 

 

 

1. Empi, R., Gandaseca, S., Ahmed, O.H., and Majid, N.M.A. (2010). Comparison of  

selected soil chemical properties of two different mangrove forests in Sarawak. 

American Journal of Environmental Sciences. 6 (5): 438-441.  

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM


	1. Cover and Front Page (Final Bound)
	2. Thesis Abstract (Final Bound)
	3.Thesis (Final Bound)
	CHAPTER 2
	LAST CHAPTER
	APPENDICES
	LAST APPENDICES



