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ABSTRACT 

Increasing concentrations of CO2 in the atmosphere is a major contributor to climate 
change and forest plays an important role in global carbon cycle because they store 
large quantities of cnrbon in the vegetation and soil. A study was conducted at 
Uni,•ersiti Putra Malaysia Bintulu Campus to measure the total carbon storage and 
stability. Three quadrals each measuring 20 m x 20 m of a hectare (ha) were marked 
in the experimental area. In each quad rat, ten soi I samples and four litter samples were 
collected randomly. Soil samples were taken in these quadrats at 0-15 cm depth using 
an auger. The bulk density at each sampling point was determined using the coring 
method. Total carbon in litter and soil was determined by the loss on ignition method 
and in order to determine the stability of carbon, total nitrogen (N) was analysed by 
the Kjcldahl method. Rehabilitated forest stored total carbon with a mean value of 
2.83 % which is equivalent to a mean value of 33.29 Mg/Ha in the soil. Litter gained 
more total organic carbon compared to the soil with a mean value of 53.27 %. The 
quantity of total organic carbon in the litter was also higher than soil with the mean 
value of 20.74 kg/Ila. Rehabilitated forest had C/N ratio value of 7.14 in soil and 
155.79 for the mean value of litter. h's showed that rehabilitated forest has potential 
for managed carbon sequestration and further studies should be done in term of 
different ages of forest and depth of soil. 
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ABSTRAK 

Pcningkatan kcpckatan gas karbon dioksida (CO2) di dalam atmosfcra mcrupakan 
pcnyumbnng utama kcpadn pcrubnhnn cuncn dunia dan hutan mcmainkan satu 
pcmann penting tcrhadap kitar am karbon kcrnnn hutan merupakan pcnyimpan 
terbcsar karbon yalrni di dalam tanah dnn tumbuhnn. Olch yang dcmikian, satu kajian 
tcrhadap jumlnh simpanan don kcstabilan karbon tclnh di jalnnkan bertcmpat di hutan 
yang di pclihnra scmula milik Univcrsiti Putra Malaysia Kompus Bintulu. Tiga 

kundrot bcrukuran 20 m x 20 m di bcntuk pada sntu kawnsan kajinn yang bcrkcluasan 
satu hcktor. Scbnnyak scpuluh sampcl tanah dan cmpal sampcl daun kcring di ambil 
dari sctiap kuadrat sccaro rawak. Sampcl tanah tcrscbut diperolehi dengan 
mcnggunakan auger pada kcdalaman 0-15 cm. Snmpel tcrscbut kemudiannya diproscs 
dcngnn mcnggunnkan kacdah ··lose on ignition" don kjcldahl bagi mendapatkan 
jumlah karbon dan nitrogen yong tcrsimpan bagi sctiap sampcl tcrsebut. Kadar 
kcpadatan tanah diperolchi dcngun mcnggunakan kacdah "coring ... Secara amnya 
hutan tcrscbut mcmpunyni 2.83 % kador purata simpnnan karbon di dalam tanah yang 
mnna bersamaan 33.29 Mg/I lo. Keadaan yang sama turut boleh di lihat pada daun 
kcring di mana scbanynk 53.27 % karbon tcrsimpan di dalamnya yang mana 
bersamaan 20.74 kg/Ha. Mutan 1erscbu1 juga mcmpunyai kadar nisbnh C/N sebanyak 
7.148 bagi tanah dan 155.79 bagi doun kering yang mann sckaligus mcmbuktikan 
bahawn hutan tcrscbu1 mampu untuk bcrfungsi sebagai salah satu kacdah unluk 
mengawal kadnr kcpckatan karbon di aunosfcra yang scmakin meningkat kini. Kajian 
Ion jut pcrlulah di jalankan yakni pada tahap umur dan kcdalamon tanah yang berbeza 

bngi mendapatkan kcputusan yang lcbih jitu. 
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CHArTER I 

INTRODUCTION 

I.I General Background

There is widespread concern 1haI an increase in the concenIraIion of carbon dioxide 

and other greenhouse gases in the earth's atmosphere will ultimately lead 10 changes 

in the earth's climate. Although ii is clear lhal Ihe atmospheric conccnIra1 ion of 

carbon dioxide is increasing and 1haI Ihc increase is being driven in large measure by 

the burning of fossil fuels (coal. oil. a·nd natural gas), the climatic consequences of 

increasing atmospheric carbon dioxide are not so clear. The global carbon (C) cycle 

is recognized as one of the major biogcochcmical C)'cles because of its role in 

regulating lhe concenIraIion of carbon dioxide (CO2). an important greenhouse gas 

(GHG), in the atmosphere. Increasing concenIra1ions of CO2 in the atmosphere arc a 

major contributor 10 climate change (Schime er al. 1995). 

Forests play an important role in the global C cycle because 1hey store large 

quantities of C in 1he vegetation and soil. The exchange of C wiIh the atmosphere 

through photosynthesis and respiration are sources of atmospheric C und when they 

arc disturbed by human or natural ca.uses (e.g .. wildfires. use of poor harvesting 

procedures. cleared and burned for conversion to non-forest uses). and become 

atmospheric C sinks (i.e .. ncl transfer of CO2 from Ihe atmosphere 10 lhc land) during 

land abandonment and regrowth after disturbance. Humans have the potential 

through fores! management 10 alter fores! C pools and nux, and thus alter their role 

in the C cycle and their potential to change climate. 
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Mnny forcsls. in bo1h borenl nnd 1ropical latitudes contain large amounls of C. 

Undisturbed anaerobic, peat lands arc sinks for CO2 and sources of CH4. Drainage of 

these soi Is to improve forest productivity virtually stops CH4 emissions, but initiates 

rapid COi emissions by aerobic decomposition. Draining peat soils for forest 

establishmenl can produce a C loss from these soils that exceeds that stored in the 

forest if20-30 cm of peat decompose as a result of the drainage (Cannell et al. 1993). 
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1.2 Objcc:livcs 

The objectives of this study were to: 

I. Determine the total carbon storage in the soil and litter of a rehabilitated

forest

2. Investigate the total carbon stability at 0-15 cm soil depth.

3 
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CHAPTER2 

LlTERA TURE REVIEW 

2.1 Tropical Forestry 

Tropical forests consist of dry and moist forests, each accounting for roughly one 

half of the total worldwide. Tropical rain forests arc further divided into rain forests 

and deciduous forests. Rain forests make up about two thirds of all tropical moist 

forests and arc the richest in terms of biomass and biological diversity. The natural 

forest environment provides three main types of services necessary to sustain life: 

• As a source of raw materials vital for all human activity

• As a sink for waste and residue generated by human activity, and

• As a means of maintaining essential life support functions.

In terms of source functions, the products and services derived from tropical forests 

arc diverse and benefit people at the local. national and global levels. About 2.5 

billion people in the tropics rely either directly or indirectly on forest resources. The 

global community relies on tropical forests to stabilize global climate conditions. 

Forest related exports generate about US$100 billion (in 1989) worth of foreign 

exchange amounting to an average of 2. 7 percent of GDP in developing countries 

(Shanna et al., 1992). For example, Malaysia achieves 5 percent of its GDP from 

forestry products. 
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2.1.1 Naturnl Forest 

In former times, natural forests were extensive. l-lowevcr, much of the global tropical 

forests have been depleted or degmcled due to conversion and harvcs1ing of timber. 

Malaysia still has 62% of its land area as natural fores!, most of it being in the hills. 

1 lowcver. much of this area has been logged. Land use policies which promoted the 

conversion of forest land 10 other ernps, notably rubber and oil palm, has resulted in 

heavy loss of forest areas in the past. 

l ·lowevcr. these policies have not stopped. and a Pemmncn1 Forest Esrate has been

established in perpetuity. Natural forest management has been implemented in much 

of the natural forest where silvicuhural practices have been implemented. These 

silvicultural practices comprise climber cutting and/or enrichment planting. Spccilic 

economic concerns c.,n still lead to funher losses of natural forests at localised 

locations. There is a debate whether to continue natural forest management or 10 

establish forest plantations to meet future timber needs. Based upon prqjcclions on 

future timber needs, extensive plantations seem inevitable. Brazil. the country with 

largest natural forest in the world hns programmes for plantations. Papua New 

Guinea. which has more than 70% of its land as natural forest, is establishing 

plantations (Appanah, 1993). 

2.1.2 Rehabilitated Forest 

Rehabilitated forest is a forest which is established for nn environment purpose. 

either 10 enrich an ecosystem or maintain the sustainability of a forest. Tropical 
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forest hove been nffectcd by human activities panicularly logging which caused rapid 

reduction in size and quality of forest (Kobayashi et al.. 200 I). 

Forest rehabilitation is related to humnn intervention to counter the degradation of 

the forest such as the promotion of the recovery process in large gaps of dipterociirp 

forest or conversion of shrup forest to high storey plantation forest (Mori. 200 I). 

2. 1.3 Plantation Forest

Plantation forestry has become increasingly popular as a means of producing wood 

fibre for specific purposes. such as for a pulp and paper mill. In view of the 

increasing global demand of wood and wood fibre, the establishment of forest 

planlations seems to provide the only option as plantations as they arc much more 

productive than natural forests and allow economic management on a sustainable 

manner. In Malaysia. although the focus has always been on natural forest 

management. forest plantations can be considered to have begun in the early 1900s. 

unless the introduction of rubber is taken into account in 1877. Taban (Palaq11i11111 

.vpp) tree plantation was s1aned in Malaysia as early as in 1900 (Appannah and 

Weinland, 1993). 

In the pre-humid climate of Malaysia and other tropical regions, plants arc 

physiologically active through out the year. including during transplanting, 

transponation and final planting. Thus tree gro\\1h is faster. Growth rates of 20 

cu.m/ha/ycar are common and some hybrid species of Eucalyptus have been known 

to grow in excess of 50 cu.m/ha/ycar. These rates can further be increased through 

the use of proper selection, breeding and the use of modern biotechnology. ll is 

wonh mentioning that the most imponant plantation species used all over the tropics. 
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such ns /:.',rco/yptus .1pp. Pi1111s spp, Tectona gro11dis, and Acacia spp·, owe much of

their success 10 easy availability of planting stock. Therefore self-sumcienc)' of 

planting stock is a prerequisite for successful planlntion development. The use of 

biotechnology. such as tissue culture. o!Ters new opportunities for susrninablc suppl)'

of good planting stocks. II would seem inevitable 1ha1 the area of fores.I plantations in 

the tropical world will continue 10 increase in order 10 suppl)' the increasing global 

needs for t imber and wood fibre, and these plantations offer excellcnl opportunities 

for increasing carbon sequestration. 

2.2 Accumulation of CO2 

Evident proofs of the quick accumulation of CO2 and other gases into the 

atmosphere. which could result in a greenhouse effect in the next century. were 

obtained in the recent two decades (Conway et al .. 1994). This hazard docs not only 

raise alarm in the research circles, but ii caused also the responses of these 

governmental institutions in the world. which made and assumed the declaration. In 

accordance with the declaration that was held al Rio de Janeiro in 1992 and the 

obligations undertaken by countries lo reduce the release of greenhouse gases in the 

atmosphere. serious research on the role of the Earth· s plant cover in the CO2 

accumulation and in the improvement of the atmosphere's chemical -composition is 

necessary . 

Considerable hopes for reducing the harmful impacts of CO2 are related 10 forest 

vegetation, as it covers 1/3 of the dry land on earth. According to the scenario 

presented in the IPCC (Intergovernmental Panel on Climate Change) report ( 1990), 

rising lcvcl.s of carbon dioxide together 11 ith the other greenhouse gases will cause a 
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rise by 2-5 °c on 1he mean temperature of earth during 1hc next century (Herrington 

et al .. 1991). 

Conservation and enlargement of the natural old-growth. or man-made forests was 

accepted very significant proposal in reducing the carbon dioxide level in 

atmosphere. All the plants absorb carbon dioxide but because of the less total leave 

area, (leaf surface index); agricultural crops consume less carbon dioxide compare to 

forests. Therefore clearing of forests for agricultural crops cause reduction in 

absorption of carbon dioxide (Panhwar, 1996). Since the usage of fossil fuels, and 

the destruction of tropical forests are accepted 1he main causes of the additional 

carbon content of the atmosphere (Brucnig, 1991), reforestation activities and the use 

of wood for energy were found as corrective factors that should be encouraged in 

that course (Bouvarcl, 1991 ). 

2.3 Carbon Sequestration 

Terrestrial ecosystem and land use changes play a significant role in the global 

carbon cycle, with an estimated 120 billion tonnes carbon (tC) eKchanged annually 

between vegetation, soils and the atmosphere. Forests account for some 80% of this 

exchange. Carbon accumulates in forest ecosystem through the absorption of 

atmospheric CO and its assimilation into biomass. Carbon is stored in various pools 
2 

of forest ecosystem: above and below ground living biomass, including standing 

timber, branches, foliage and roots; and necromass. including woody debris. liner. 

soil organic mailer and forest products. Approximately 50% of the dry biomass of 

trees is carbon (Dyson, 1977). 
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O1'crnll, forcsrs arc cs1i111n1cd to contain just 0l'cr hnlf of the carbon residing in

l'C!)ctnlion nnd soil of 1crrcs1rinl biomes. arnounring to some 1100 billion tonnes of

the carbon stored in forcsrs, an estimated 49% resides in borcal forests wilh tropical

and temperate forests accounting for 37% and 14% rcspccrively. The 10ral cs1irnn.1cd

terrestrial carbon srocks arc as follows; Tropical forcsrs: 20%. Tcmpcrarc forests:

7%, Borcal forcslS: 26%. Tropical Savnrmns: 8%, Trop-ical grass lands: I 0%. Desert:

5%. Tundra: 8%, Wetlands: 7% and Agriculrurc: 9% (Houghron et al. 1987).

Carbon scquestrntion can be munaged rhrough the following strategics (Dixon ct llf .. 

1993): 

• Afforestarion, reforestation. and restoration of degraded lands

• Improved silvicuhural 1cchniqucs to increase grow1h rares. and

• Agroforestr)' on agricultural lnnds.

2.3.1 Bio-diversi1y and Carbon sequcslntion 

Researchers believe bio-divcrsit)' plays an clTective part in carbon sequestration. All 

plants of course absorb cnrbon as 1hey grow but the rate of absorption differs from 

species to species. Different environmental condirions also affect how well plants 

can absorb carbon. According to some findings, more diverse plant ecosystems have 

b,cttcr absorption of carbon dioxide and nitrogen, both of which are on the steady rise 

due to human :ictivitics and industrialization (Lnzarof. 2001 ). 

Some studies carried out by physiologists also concluded that high biodiversity 

would take up and sequester more carbon and nitrogen than do ecosystems with 

reduced biodiversity. An experiment carried out lly University of Minnesota in a 

controlled grassland cm•ironmcnt. using free air carbon dioxide enrichment 
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lcchnolog). pro"ed the obo,•c foc1or well beyond 3n)' doubt. ScicntislS suggest 1h01 

pro1cc1ing biodi\'ersily worldwide would con1ribu1c 10 safogunrding the capacity of 

ccosys1ems 10 caplurc o large frac1ion of additional carbon and nitrogen entering the 

global environment. 

2.3.2 Carbon Sequestraiion in Tropical ForCllts 

Studies of tropical forests indicate 1hnt a significant amount of biomass and 

vcgcrntion become lumber. slash. charcoal and ash through forest harvesting and 

forest clearance. However, the proportion differs for closed nnd open forests. If 

tropical forest land is converted to pasture or pcnnoncnt ngricuhurc, then the amount 

of carbon stored in secondary vegetation is cquivaknl 10 the carbon content of the 

biomass of crops planted. or the grass grown on the pasture. If a secondary forest is 

allowed 10 grow. then carbon will accumulate and maximum biomass density is 

attained after a relatively short 1irne (Zaini. 1995). 

When changes in land use occur resulting in tropical forests being changed into o 

different land use. the cnrbon sequestered is lost as shown in the Table I: 

Table I: Changes in Carbon with Land Use Changes (IC/ha) 

Original C
Closed primary 
fores1 
Closed 
secondary 
forest 
Open forest 

Original C 

283 

194 

115 

Shilling 
agriculture 

79 
-204

-106

-36

10 

Ptnnnncnt Pasture 
agriculture 

63 63 
-220 -220

-152 -122

-52 -52

(Source: Zuini. 1995)© C
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The negati,e figures represent emission of carbon: for insloncc. c.onvcrsiion from 

closed primary fore�l lo shiOing agriculture results in o ncl loss of204 1C/ho. Change 

of land u§C from closed primary fores! 10 permanent agriculture results is lhc major 

loss of carbon (220 1Clho), Carbon released by deforcs101ion of secondary and 

primary tropical fores! is cs1ima1cd 10 be I 00 • 200 tonnes per hectare. 

Tropical forest burning releases enormous carbon and con1ribu1es IO global warming. 

The 1997-98 forest lire in Indonesia is es1ima1cd 10 have resulted in a loss of aboul 

USS 9.3 billion, About 10 million hectares of Indonesia's national forcslS, which is 

1hc world's centre of biodiversity was destroyed. Zaini (1995) suggests on average 

value of USS 20 of damage for e,ery tonne of carbon released. Applying 1his ligun: 

10 1hc da10 in lhe above table. conversion of an open forcs1 10 agriculture or pasture 

would result in global warming damage of between USS 600-1.000 per hec1arc; 

conversion of closed secondary forest would cause a damage of USS 2.000 • 3.000 

per heclare, while conversion of primary fores! 10 agricuhurc would rcsuh in a 

damage of USS 4.000 • 4.400 per hectare. 

Typical s�ques1m1ion po1en1ial available in 1he tropics by afforcs1aion I rcforcs1a1ion 

., 

is cs1imo1cd 10 be bew1ecn 3.2 • 10.0 1C ha yr Assuming a global land availabilil)' 

of 700 m:illion ha for reforestation and alTorcslijlion 9,tivities, an es1ima1ed �2-59

billion 1C could be sequestered by a1forcs1a1ion/rcforcs1a1ion in the ncx1 li11y years 

including 7 billion 1C from agroforcsuy. 
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2A Cubon Cycle nnd Rclcnsc Dy02mics 

Exchonge of corbon co111poncn1s among the otmosphcrc. ocean and lcrrestriol 

sys1cms is o natural process. The following Tnblc 2 gives the estimnlcd exchongc 

volumes of some cyclcs/cxchungcs: 

Tnblc 2: Es1irna1cd Change Volume of some Cycles 

Cycle / Exchange 
Pho1osyn1hcsis, respiration ond decoy 
between nunosphcric and lcrrcstrfal 
s 'Siems 
Thcnnodynamic invasion and evasion 
between the ocean and a1mospherc. 1hc 
carbon pump at deep ocean 
DcforcS1ation and fossil fuel burning 
The 10101 carbon in the rc.o;ervoirs in land 
bi01a, soil and detritus 
Atmosphere 
Oceans 

2.5 Carbon/Nitrogen Ratio al Below Ground Le,·el 

Volume 
100 billion 1onncs / year 

90 billion tonnes I year 

07 gt/ year 
2.000 g1 

750 gt 
38,000 gt 

(Source: LPCC. 1990) 

Apan from carbon, ni1rogcn, and phosphate ore 01hcr 1wo major elements found 

below ground level of tropical forests. These 1wo clcmcnls suppon 1hc growing 

plants by providing nu1rkn1s. Nitrogcn, with the help of carbon. inlcracts wi1h 

decaying malerials al cenain 1cmpcro1Ure and rcsull in C\)mposl which increases 1he 

lcnility of soil. 
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l'nhk J ,u11111111ri1cs C. N t111tl I' content in below ground biomns, in Lropicul fnrcst�. 

I nhlr J: Cnrbon. Nltrogcr, nnd Phosphorus Content in Below Ground iliomuss in 
Tropicnl l'orcsb 

Forest Root Soil 
t)pc

-c N p C N r 

Secondary 45.28 1.12 0.03 -4.18 0.27 o.os

forest 
_(logged) 

0.5 yen, 45.28 1.06 0.07 4.89 0.17 0.-,6--
old 

plontntion 
forest 

Plantation 42.S2 1.10 0.04 3.99 0.23 O.M
forcstJ.5 

_ycllf old 
Dcgrndcd 43.42 I.OS 0.04 1.92 0.17 0.04 
forest an:n 

(Source: Zaini. I 995) 

The following Table 4 indicates storage of C and N both abo\'c and below lcl'cl of 

ground in a lropicnl forest: 

Table 4: Carbon nnd Nitrogen for Both Abol'e and Below Level of Ground in a 
Tropical Forest 

Site 

Secondary forest (locgcdl 
Abo\'c ground bioma.1s 

Liller 
Root biomass 

Soil 

Rehabilitated forest 
Above ground biomass 

Liner 
Root biomass 

Charcoal 
Soil 

C (kg ha 

430 
1.64•1 

12,474 
250.950 

868 
1,188 
4,944 
110 

239.200 

13 

) N (kg ha 

19 
63 

233 
8.385 

45 
40 
129 
2 

6,900 

(Source: Zaini. 1995) 
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Nitrogen. on important plant nutrient. is absorbed from the soil lo become part of the 

biomass. Biomass is an indicator of the amount of carbon the plants accumulate 

through photosynthesis. Tite researchers found that elevated levels of carbon dioxide 

and nitrogen resulted in increased biomass when compared with plots exposed 10 

ambient levels of carbon dioxide and nitrogen. 

2.6 Liller Production 

Litterfoll includes leaf fall. shoot fall. bark foll and bud scale fall. In the forest 

linerfoll is an important source of nutrient. Litterfoll is also the fonnntion and 

renewal of 1he forest noor, and liuer mass on the forest is an important structural 

component of the ecosystem (Samra and Rnizada. 2002). The quantity and 

composition of liuerfall vary in a number of factors. such as 1rce species, stand age 

and developmen1. and is affected by environmental conditions. particularly water and 

nutrient availability (Binkley. 1986). 

Liucrfall plays three main functions in the ecosystem, namely, i) energy input for soil 

microflora and fauna. ii) nulricnl input for plant nutri1ion. and iii) a1crial inpu1 for 

soil organic mailer building up. All these fonctions are complete through 

mineralization. decomposition and humilication process and influenced by biological 

activity. nutrient cycling and soil s1ructuml (Bemhard-Rcvcrsal and Loumcto, 2002}. 

2.7 Role of Forests in the Global C Cycle 

Role of forests in the global C cycle is Mt only a func1ion or prescn1 forest land use, 

bul also of pas1 use and disturbance. Prior 10 this cen1ury CO) emissions from 

changes in fores1 land use. mainly caused by ugricuhural c,xpansion in mid- and high 
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l01i1ude coun1rlcs. were higher 1hnn emissions rrom 1hc c-0mbus1ion or fossil rucls 

(ltough1on and Skok. 1990). 

From lhe tum of lhe century until about 1hc 1930s, global CO2 emissions from 

chnnges in fores! land use were similar in mognilude 10 1hose from fossil fuel 

eombus1ion. After obou1 the 1940s. CO2 emissions from 1hc changes in fores! l11nd 

use in 1he tropics dominalcd 1he flux from the biol• to 1hc a1mospherc. Since then. 

world-wide fossil fuel use hos soared, biotic emissions from 1hc mid- and high­

ln1i1udc regions hos declined greatly ns forests expanded onlo abandoned agricultural 

lands and as logged stands regre" and deforcs101ion in the 1ropics has nccelcrntcd 

(I loughlon ,i al., 1987). The post and prcsenl panems of land use arc responsible for 

1hc currcnl si1un1ion in regard to the C pools and tlux of lhe world's forests. With lhe 

storage of large qunn1i1y of carbon in vcgctalion and soil. fon::s1 ecosystems play nn 

imponan1 role in lhe regulation of a1mospheric carbon balance 

2.8 Increasing C Sinks Through Forest Managem,nt 

Forcsls have the po1en1ial 10 be managed 10 reduce 01mosphcric conccn1ra1ions of 

CO2 and thus mi1iga1c climate change. Major objec1i,•es for managing fores! lands 

generally include: industrial wood und fuel produclion, 1raditional fores! uses, 

pro1cc1ion of natural resources (e.g .. biodiversity, waler, and soil), rccrca1ion, 

rchabili1a1ion of damaged lands, and 1he like. Forest management practices 1hu1 meet 

1hc objectives given above can be grouped in10 three ca1cgories based on how 1hcy 

arc viewed 10 curb 1hc rate of increase in atmospheric COi: managemcnl for C 

conscrvu1ion. C slorugc. or C subs1itu1ion (Brown ct ol .. 1996). 
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CHAPTERJ 

MATERIALS AND METHODS 

3.1 The Study Area 

The study was conducted in an 18-ycar old rehabilitated forest at Univcrsiti Putra 

Malaysia Bintulu Campus {Plate I). It is located approximately 600 km northeast of 

Kuching with a latitude 3° 12' N. longitude 113° 05' E and 50 m above sea level. The 

rehabilitated forest was established in 1990 through a joint project between 

Yokohama National University of Japan and Universiti Putra Malaysia to rehabilitate 

degraded land. 

3.2 Data Collection 

Three quadrats each measuring 20 m x 20 m of a hectare (ha) were marked in the 

experimental area (Plate 2). In each quadrat, ten soil samples and four litter samples 

were collected randomly. Soil samples were taken in these quadrats at 0-1 S cm depth 

using an auger. The bulk density at each sampling point was determined by using the 

coring method. 

16 
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rJatc I: Location of study are,i within Univcrsiti Putra Malaysia Bintulu Campus. 
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20 Ill 

I.Sm

1.5 m 

20m 

Plate 2: Layout of quad rats in the study area. 
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J.J Lnborntory Anulyscs

Total corbon in liller and soil was determined by the loss on ignition method 

(Chelczt et al., 1990). The dry weight of Ii Iler in each quad rat was quantified and the 

weight multiplied by the total carbon (combustion method) provides the total carbon 

in litter. Prior to this, air-dry samples were placed in an oven at 60°C for 24 hours 

after which they were cooled in a desiccator. The initial weight of silica or porcelain 

dish (crucible) was taken after which 5 g of sample was placed into that silica or the 

porcelain dish. 

The weight of the silica or porcelain dish plus the sample was taken before the 

sample was placed in a muffie furnace and initially ashed at 300 °C for I hour. The 

temperature was raised to 550 °C and the ashing process was continued for 5 hours. 

The weight of sample and crucible was taken after the sample is cooled in a 

desiccator. Total carbon was calculated as: 

(Initial weight of sample (g) - final weight of sample (g))/initial of sample (g) x 

58/100 

Organic carbon was calculated as 58% of organic matter (Chcfezt et al., 1990) 
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lho 

'""' lcul • dntm,lftrd 1111121�111\1 i,. •""'4 n( ,.,11 co Ii cmJ " , ,,..,,Wc,cJ

!!If -,.., a,.,H"C ill do: nf'ffl'!'fflUI r',t• 111 , .... "' dc1(m,ln. thr ti11'ttllt) nf 

c:a,tw., ..-ul flilr C ._ 1 • .. aMI\ ..-d It\ w ,; ,rlJ;alll mcthoJ tnrcmncr I QUI 

"t,,,ui II\ f of.,.,••• ,,tarN,,.,. '<I I "'lt'l""•I J,,,..11,,., tut.r. "1th 0 I I uh9h� 

acid t,, lliSdrd n,. oamf'lt ... ""'"'mrd ,.,lh tc,. dn>r• or \\atcr 1n<l , 111I 

n� liUlplon: a.id •• I uMt1 <>f "'!Nhal cml)<t a,kkd lhc �mrolc,, 

"trr lba1.at kl all(.. din,, i., c,qu,ht.• for l() minute, lhc- <anopk-• \\CIC h(llicd In 

• do ,... Mod • IIO ( f« I hour and 1htn 11 no '
C '"' 4 '" , hour- until 

•mrle1 l'«:anc co&i....ir.. Min thal. the- wmrk• """' allm,cJ loo cool In JO ml 

d1111tlal •a&a llir ,� •••.,.... ur "hc-n lhc .. ,1u11<•11 \\U cooled./\ Ill ml of 

the ,ample ••Ill a 10 rnl .,, ,t,.. ',aOII ""-' p,pcncd Into di,111ta1lon nppnmlu<. 

\ample,• nh ._,ot I ,....., J11,11llcd anJ coll«lcd ,n 10 rnl or 2•,. boric ncld-lndicntor 

.. ,111111,n t>unnt d1.itllal1111>. lhc colour dwii:cd from purple 10 1irccn. I\ 2% boric 

•• 1d "1., rn-!'lltcd b) ,.-.,,&)tmc SO g of pure boric odd In n 5 L nn,k mnrkcd 10

md1,�1c 1 ,,,lumc ul 41 About }500 ml of"Bler 1hcn was nddcd lo heal and �wirl ii 

unul the hor1< 11<id d,....,h..-... Aller the bone acid di,solved, on 80 ml of mixed 

111J1._J1,,r t0.099 g bromo.rc-,olgrc-.,n - 0.066 � mclh)'I red in 100 ml of ethanol) wa,i 

ndd<'d "11h 0 I M J\aOM until the solution becomes reddish purple (pM 5.0). The 

,,,lu11M thc,n made up to� L "ith distilled wnier. The 50 ml conical nask containing 

1hr d1,11llak then \\3> rcmo,ed "hen original ,olume (20 ml) was obtained. Ti1ra1ion 

\\J> done �saon,1 0.01 M HCL or 0.01 M 1-1,SO, until the colour changed from green 

1,, rurpk. 
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Pcrccn1age N in the soil was calculated using the following formula: 

¾N = l(V-8) x M x RX 14.01/ Wt x 1000] X 1000 

Where: 

V ,. Volume of 0.01 M HCL or H2SO, titrated for sample 

(ml). 

B = Digested blank titration volume. 

M = Molarity of HCL or M2SO, solurion. 

14.01 = Atomic weight ofN 

R = Ratio between total of the digest and the digest volume 

used for Distillation. 

Wt = Wei ght if air-dry soil (g) 

3.4 Statistical Analyses 

(Bremner, 1985) 

T-test was used to compare the total carbon storage and nitrogen of rehabilitated

forest and secondary fores! using Statistical Analysis System (SAS) version 9.1 
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CHAPTER4 

RESULTS 

4.1 Soil 

4.1.l Quantity of Organic Maller in Soil 

The percentages of orgunic mnncr of the secondary and rehabilitated forest soils 

were 5.45 % and 4.89 %, respectively (Table 5). There was no significant difference 

between lhesc two values. However, in 1crms of amounl of organic matter per 

heclare, thnl of 1he secondary fores! was significanlly higher than 1hc rchabiliiatcd 

fores! (Table 5). 

4.1.2 Qu,antlty of Carbon in Soil 

The perccnlnges of the 101al carbon of secondary and rchabili1a1ed fores! soils were 

3.16 % and 2.83 %. rcspcc1ively. There was no significani difference be1ween 1hesc 

1wo ,•alucs (Tables 6). Nonelhclcss, 1he nmounl of carbon on per heciare basis was 

significamly high in 1he secondary fores! soil 1han in the rchabili1a1cd forest soil. 
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Tobie 5: Quantity of Organic Mauer in Soil 

Forest type Organic Motter(%) Organic Moller (Mg/Ho) 

Rehabilitated forest 4.89' ± 0.49 57.41' ± 5.71 

Secondary forest 5.45' ± 0.23 91.03 ± 3.61 

Note: Means within the same column with different letters indicate significant 
difference b-ctwecn soil and forest type (P !, 0.05) using T-tcst. 

Table 6: Quantity of Carbon in Soil 

Forest type Carbon(%) Carbon (Mg/Ha) 

Rehabilitated forest 2.83' ± 0.28 33.30' ± 3.31 

Secondary forest 3. 16' ± 0.13 53.72 ±2,34 

Note: Means within the same column with different letters indicate significant 
difference b<;twc-en soil and forest type {P 5 0.05) using T-1cst. 
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4.1.3 Quanriry of Nitrogen in Soil 

The pcrccnuigcs of nirrogen of the rchabiliuired and secondary forest soils were 0.53 

% and 0.18 ¾. respectively (Table 7). There was significant difference bcrwccn lhcsc 

two values. Similar observarion was made in terms of the amounr of nitrogen on per 

hectare basis where that rchabiliratcd forest soil was signilicanrly higher rhan in rhe 

secondary forest soil. 

4. 1.4 C/N natio o'5oil

The percentages of C/N ratio of secondary forest and rchabiliratcd forest were I 9.17 

and 7.15. respectively, (Table 8). There was a significant difference between these 

two values. 

24 

© C
OPYRIG

HT U
PM



Table 7: Quonlity of Nitrogen in Soil 

Fores! type Nitrogen(%) 

Rchabili1a1cd forest 0.53' ± 0.05 

Secondary fores! 0.186 
± 0.01 

Nitrogen (Mgll-la) 

6.26' ± 0.56 

3.086 
± 0.21 

Note: Means within the same column wi1h diffcrenl let1ers indicate significant 
diOercncc be1ween soil and forest type (P :s 0.05) using T-tcs1. 

Table 8: C/N Ra1io of Soil 

Forest t)'pc C/N rn1io 

Rehabilitated forest 7.15' ± 1.14 

Secondary fores1 19.17 ± 1.57 

Note: Means within the same column with different lencrs indicate significant 
difference between C/N ratio and forest 1ypc (I' :s 0.05) using T-tcst. 
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4.2 Liller 

4,2.1 Q11an1lly or Organic Moller In Liller 

The pcrceningcs of organic muller of the secondary and rch11bili101ed forest liner 

were 94.22 % and 91.85 %, rcspcc1i,cly (Table 9), There was no signi11cant 

difference between 1hcsc two values. Nonetheless. the amount of organic rnnner on 

per hectare basis was signi11can1ly higher in the rchnbilitntcd forest liner than in the 

rchabilitotcd fores! liner (Tobie 9). 

4.2.2 Quanlily or Organic Carbon In Liller 

The pcrccni,igcs of 1hc 10101 organic carbon of the secondary and rchabillu11«l forest 

liner wcr< 54.65% and 53.27 % rcspcc1i,·cly, (Table 10). Thcr< was no signiflcanl 

difference between these 1wo values. However, in 1em1s of amount of organic carbon 

per hectare, 1h01 of the rehobilitnted forest was significantly higher than the 

secondary forest (Table I 0). 
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Tnblc 9: Qunnlily ofOrgnnic Moller in Liller 

Forest type Organic Moller(%) Organic Moller (Kg/Ha) 

Rchobilitnlcd forest 91.85' ± 1.25 35. 76' :t 0.66

Secondary fores! 94.22' ± 0.52 33.38 ::: 1.76 

Nole: Means wilhin the same column wi1h differcn1 lcucrs indicate signilicanl 
difference bc1wccn lillcr ond fores! type (P � 0.05) using T-1cs1. 

Tobie I 0: Quan1i1y of Organic Carbon in Liner 

Fores! type Carbon(%) 

Rchobili1a1cd forest 53.27' ± 0.72 

Secondary fores! 54.65' ± 0.30 

Carbon (Kg/Ho) 

20. 74'::: 0.38

19.36 ± 1.20 

No1e: Means wi1hin 1he some column wi1h ditlcrent lc11crs indicmc signilican1 
d;ffcrcncc hct\\ecn lillcr and forest type (P < 0.05} using T-1csl. 
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,.1 . .1 Quan,111) nr Nl1ro11�n In l.lllrr 

11,c JlCn:rmngc, or nllrowcn of the �condal) nnd rchnblli1n1cd forcsl liner "ere 1.0? 

•• ond O.�O •�. rc,1x-t1hcl) (Tnblc 11 ). l11crc wn, o <ignificanl tlilTcrcncc bc1wcc11

1hc�c l\lo -'lllucs. Similar obscrvo1ion \\OS made in 1crms of1he nmounl of nitrogen 

on per hrc1nrc ba.,i, where secondol) forest liner was significantly higher 1hon in the 

rchobili1a1cd forcsi liner. 

4.2.4 C/N Rollo of Liller 

TI1c percentages of C/N m1io of rchobiliuncd forcSt and secondary forces• were I 55.79

nnd 51.57 respectively. (Tobie 12). There wos significant diITercncc bc1wcen these 

two values� 
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4.3 Bulk Density of Rchabllil•ted and &cond•ry forests 

The soil bulk dcnsi1ies of lhc rchabili1a1cd fores! nnd secondary fores! were I. 18 

kg/m' and I.IJkg/mJ rcspec1ivcly. (Table IJ). There was no significanl difference 

bc1ween lhcsc 1wo values. 

4.4 Soil pH of Rrhabllilarcd and Secondary forests 

pl I of lhc rchabili1a1cd fores, soil and secondary forrsl soil were 4.90 and 4.7) 

respec1ively. (Table 14). There was no iignilieanl differcnc-c bc1wecn 1hcsc 1wo 

values. 
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rnblt 13: Bulk Dcnsil} ofRchnbili1ntcd and Sccond•ry Forests 

Forest t}1)C 
Rchobilitn1cd fores! 

Bulk densi1y (Kg/m ) 
1.18' :t 0.0 I 

Secondary forest 1.13' :t 0.04 

No1c: Means within the same column wilh diITcrcnl lcncrs indicmc significant 
diITerence bc1wcen bulk density and forest type (P:; 0.05) using T-test. 

Table 14: Soil pH of Rchabililalcd and Secondary Forests 

Forest type, 

Rehabilitated fores! 

Secondary fores! 

Rchabilita1cd forest 

Secondary fores1 

pH 
Water 

4.90' ± 0.06 

4.73' ± 0.02 

Kc! 
3.72' ± 0.0) 

3.82' ± 0.06 

Note: l\fcans within column" ith different letters indicate significant diITcrcnce 
between pl I and forest 1ypc (P � 0.05) using T-1cs1. 

31 

© C
OPYRIG

HT U
PM



CIIAPTER 5 

DISCllJSSION 

The higher organic matter in 1hc secondary forest soil compared wilh the 

rchabilituled fores! soil was consistent with 1hat reported by Brown and Lugo ( 1990). 

This observa1ion suggesls 1ha1 recovery or soil organic mailer (SOM) is rapid wndcr 

secondal)· forests because of high leaf liner nnd roo1 inpuls 10 1he soil during 1hc: first 

20 years of rcgroWlh. Palm cl al. ( 1986) reported a period of 10-15 years for soil 

organic muller 10 recover in a secondal') fores! (75% of SOM in primary forests) 

following dcforcstmion global carbon fluxes. Werner (1984) reported 1h01 al one 

extreme. soil organic mailer may show little change in rcln1ion 10 dis1urbancc or may 

decrease under inlcnsive land use 10 a poi:nl where ii may rnkc 20-60 years to recover 

under fores! follow. 

The higher carbon conlcnl in 1hc secondary forest soil compared wi1h 1he 

rchabili1a1cd fores! soil was consistcnl wi1h the findings of Zaini ( 1995) (Table 15). 

Dorun cl t1!. (1994) and Kcilh (2002). Thr higher organic carbon in lhc former forest 

s,1;1 compared 10 the latter forest soil could be attribu1ed lo 1he difference in soil 

organic matter. 
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ruhk 15: I �t.11 "r Cnrht111 t1nd Nitrogen or n Secondary nnd Rehnbilhmed ForeM 
Ihm, Other Soun:cs. 

Source 

Znini. 1995 

This S1udy 

Site 

Secondnry fo[C;'il 

Liller 
Soil 

Rchobili1nicd fores1 

Liller 
Soil 

�ccondary forcsl 

Liner 
Soil 

Rchabili1a1cd fores1 

Liller 
Soil 

1,644 
250,950 

1,188 
239.200 

19.36 
53.72 

20.74 
33.30 

N (kg ha 

63 
8.385 

40 
6,900 

0.38 
3.08 

0.19 
6.26 

(Source: Zaini, 1995) 

Table 16: CIN ratio of a Rehabilitated Fore.st and Secondary Foresl from Other 
Sources. 

Source 

Zaini. 1995 

This S1udy 

Site

Rehabili101ed forcsl 
Liner 
Soll 

Sccondw· fores! 
Liller 
S<iil 

B,chabili1a1�2 ioa;s1 
Litter 
Soil 

SecQrJdi!Q' fQu!�lit 
Lin<r 

Soil 

J3 

C/N 

29.70 
34.67 

26.10 
29.93 

155.79 
7.15 

51.57 
19.17 

(Source: Zaini, 1995) 
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Mowcl'cr, rchabili1n1cd fores! soils gain more ni1rogen 1hnn 1hc secondary fores! soils 

and ii was significnn1ly dilTcrcnl 10 1hc findings of Zaini (1995) (Table 15). The 

higher N in 1hc rchabili1n1cd fores! soil 1han ll1e secondary foresl soil could be 

a1tribu1cd 10 1he difference in soil tcx1ure. The soil 1cx1urc of rchabili101cd fores! was 

clay loom compared 10 1hc secondary forest which wns sandy clay loam N could 

cosily could leach especially during high rainfoll. In addi1ion, 1hc higher number of 

tree in the rchabili1a1cd forest compared 10 1he secondary fores! could be a11ribu1ed 10 

the higher nitrogen in 1hc soils. 

The higher C/N ra1io in 1he secondary fores! could be due 10 1he higher con1cnt of 

carbon compared 10 lhc rchabili1n1cd fores! soils even though there wns a significonl 

accumulation of nitrogen in lhc secondary forest soils as discussed previously. This 

observa1ion was 1101 consistent with 1hc report ofZaini {1995) (Table 16). II showed 

1h01 rehabililntcd fores! has more carbon stability lhan secondary forest. In addi1ion, 

1hc higher C/N ralio of secondary fores! showed 1h01 lhe humification of secondary 

soils was lower than in the rchabili1a1ed fores! where the dccomposilion of organic 

mancr in the secondary fores! soil was lower 1han rchabili1a1cd fores! soil. 

3.1 
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There wns no signilicnnl difference in p�I and bulk density for the both places. The 

obsorvnlion showed 1hat 1hc rehabili1ntcd fores! and secondary forest soils were nol 

nffccled by pH and bulk density. Kay ( 1990) claimed thal changes in bulk density 

rcn'cct changes in soil structure because of the relationship between bulk dcnsi1y and 

total porosity. However, tolal porosily gives no indication of the pore size 

dimibu1ion and pore continuiiy, which are important anributcs of soil slructures and 

associated functions. 

The higher carbon conlent in 1he rchabilita1cd fores! liners compared wi1h the 

secondary fores! lillcrs was no1 consistcllt wi1h the findings of Zaini (1995) (Table 

16)•. The higher carbon in the rehabilitated forest liner compared to the secondary 

forcs1 liner could be a11ribu1cd 10 lhc difference in C/N ra1io. Rchabilita1cd forest 

liners has higher C/N rolio compared 10 1he secondary fores! litters which leads 10 the 

lower humificu1ion rale in rehnbilit.aled fores\ liner where the decomposition of 

organic mancr in the rchabili1a1cd fores! liner was lower than secondary fores! litter. 
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CHAl'TER 6 

CONCLUSIONS 

Rchabili1a1ed forcsl s1ored 101al carbon wi1h n mean value of 2.83 % which is 

cquivalcm 10 a mean value of 33.29 Mg/Ha in 1hc soil. Liller gained more 101al 

organic carbon compared 10 the soil wilh a mean value of 53.27 %. The quan1i1y of 

Iota! organic carbon in 1hc liner was also higher 1han soil wilh the mean value of 

20. 74 kg/Ma.

Rehabilitated fon:51 has C/N ratio value of 7.14 in soil and 155.79 for the mean value 

of liner which prove tha1 1he rehabilita1ed forest has high carbon s1abili1y. 

l1's showed that rehabili1oted forest has potential for managed carbon scqucs1ra1ion 

and f-urthcr s1udies should be done in 1crm of differcnl ages of forest and deplh of 

soil. 
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