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Data from the Third National Forest Inventory shows there are about
0.23 million ha of logged-over peat swamp forests (PSF) in Peninsular
Malaysia. It is important to improve the productivity of these areas by
planting commercial tree species in order to sustain its role as an important
source of high quality timber species. The main objectives of this study are to
determine appropriate planting technique and identify suitable timber species
to rehabilitate highly degraded PSF. Field planting that represents the core
of the study was conducted in Compartment 101, Raja Musa Forest
Reserve, Selangor, Malaysia. The area was classified as highly degraded
PSF and occupied mostly by weeds especially /mperata cylindrica. Four
different planting techniques were tested, namely open planting, open
planting with mulching, open planting with topsoil and open planting with
nurse tree. Six indigenous PSF species were used, namely Anisoptera

marginata, Calophyllum ferrugineum, Durio carinatus, Ganua motleyana,

ili



Gonystylus bancanus and Shorea platycarpa. Light intensity and foliar
analysis were also measured. Light intensity was measured in the nursery to
examine the response of the same species used in the field planting to
different light intensities. Meanwhile, foliar analysis was conducted to
compare the nutrient status of the seedlings among the four different planting

techniques.

Open planting was found to be the best technique in rehabilitating
highly degraded PSF. The technique produced the highest survival rate of
83.33 percent, lowest planting cost and easiest method. Foliar analysis
indicated no significant differences in macronutrient status of seedlings
among the different planting techniques. This indicates that the different
planting techniques did not affect nutrient uptake by the planted seedlings.
Out of six species used in the study, G. motleyana, S. platycarpa, A.
marginata and G. bancanus with survival rate of 92.19 percent, 79.69
percent, 79.17 percent and 73.44 percent respectively were found to be
suitable for rehabilitating degraded PSF. However, based on the availability
of seeds and wildings, G. bancanus is found to be the best species for

rehabilitating the degraded PSF.

Total cost of the field planting in an area of 1.55 ha is about RM
15,929.20. The total costs incurred constitute wages for workers/labours,
transportation and materials used for planting and plot maintenance with RM

6,336.00, RM 7,043.20 and RM 2,550.00 or 40 percent, 44 percent and 16
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percent out of the total cost, respectively. It is recommended that the

Forestry Department carry out rehabilitation program in the degraded PSF.
Permanent nursery to raise planting materials of PSF species should be
established to support the rehabilitation program. Forest fire can be a major
threat to degraded PSF particularly in areas dominated by grass. Therefore,
it is also recommended that studies to determine the best prevention and

control measures of forest fire in the PSF be conducted.
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Data hasil dari Inventori Hutan Kebangsaan Ke-3 menunjukkan
terdapat lebih kurang 0.23 juta ha hutan paya gambut (HPG) yang telah
dibalak di Semenanjung Malaysia. Adalah amat penting untuk meningkatkan
produktiviti kawasan-kawasan hutan tersebut dengan menjalankan
penanaman spesis pokok komersial bagi mengekalkan peranannya sebagai
sumber untuk mendapatkan kayu-kayan. Objektif utama kajian ini adalah
untuk mendapatkan teknik dan mengenalpasti spesis pokok yang sesuai
bagi pemuliharaan kawasan-kawasan HPG yang ternyah-gred peringkat
paling serius. Tanaman di lapangan yang merupakan komponen terpenting
dalam kajian ini telah dijalankan di Kompatmen 101, Hutan Simpan Raja
Musa, Selangor, Malaysia. Kawasan berkenaan dikategorikan sebagai HPG
ternyah-gred peringkat paling serius dan didominasi oleh rumput-rampai
terutamanya Imperata cylindrica. Empat teknik tanaman telah diujikaji iaitu
tanaman terbuka, tanaman terbuka dengan sungkupan, tanaman terbuka
dengan tanah atas dan tanaman terbuka dengan pokok teduhan. Enam
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spesis asal HPG telah digunakan iaitu Anisoptera marginata, Calophyllum

ferrugineum, Durio carinatus, Ganua motleyana, Gonystylus bancanus dan
Shorea platycarpa. Data-data berkenaan intensiti cahaya dan analisa daun
juga telah turut diambil. Kajian intensiti cahaya telah dijalankan di tapak
semaian bertujuan bagi mengetahui tindakbalas spesis-spesis sama jenis
seperti yang digunakan pada tanaman di lapangan kepada intensiti cahaya
yang berbeza. Manakala, analisa daun dijalankan bagi membandingkan
status pengambilan nutrien oleh anak benih yang ditanam dengan

menggunakan teknik-teknik yang berbeza.

Tanaman terbuka telah didapati sebagai teknik terbaik bagi digunakan
untuk memulihara HPG ternyah-gred peringkat paling serius. Teknik
tanaman terbuka tersebut memberikan keputusan kehidupan anak benih
sebanyak 83.33 peratus, kos menanam paling rendah dan merupakan
kaedah tanaman yang paling mudah berbanding dengan teknik-teknik yang
lain. Tambahan pula, analisa daun menunjukkan tiada perbezaan ketara
status pengambilan nutrien-nutrien utama oleh anak benih-anak benih yang
ditanam dengan menggunakan teknik-teknik yang berbeza. Ini bermakna,
teknik tanaman yang berlainan tidak mempengaruhi pengambilan nutrien
oleh anak benih yang ditanam. Manakala itu, daripada enam spesis yang
telah digunakan, G. motleyana, S. platycarpa, A. marginata dan G. bancanus
dengan kehidupan 92.19 peratus, 79.69 peratus, 79.17 peratus dan 73.44
peratus didapati sesuai untuk digunakan bagi program pemuliharaan

kawasan HPG ternyah-gred peringkat paling serius. Namun demikian

vil



berdasarkan kepada keadaan semasa terutamanya dari segi bekalan anak

benih, G. bancanus merupakan spesis yang paling sesuai digunakan bagi

tujuan penanaman di kawasan HPG ternyah-gred.

Kos keseluruhan bagi tanaman di lapangan yang melibatkan kawasan
seluas 1.55 ha adalah lebih kurang RM 15,929.20. la melibatkan kos upah,
pengangkutan dan bahan tanaman serta penyelenggaraan plot selepas
tanaman iaitu lebih kurang sebanyak RM 6,336.00, RM 7,043.20 dan RM
2,550.00 ataupun 40 peratus, 44 peratus dan 16 peratus dari kos
keseluruhan tersebut. Adalah disarankan agar pihak jabatan perhutanan
menjalankan program pemuliharaan di HPG yang ternyah-gred. Tapak
semaian tetap bagi tujuan penyediaan anak benih tanaman spesis HPG
harus diujudkan bagi menyokong usaha-usaha pemuliharaan tersebut.
Kebakaran hutan boleh menjadi ancaman paling utama kepada HPG
ternyah-gred terutamanya kawasan-kawasan yang didominasi oleh /.
cylindrica. Oleh itu, adalah turut disarankan agar kajian yang mendalam
dijalankan untuk mendapatkan kaedah sesuai bagi mencegah dan

mengawal kebakaran di HPG.

viii



ACKNOWLEDGEMENTS

In the name of Allah SWT, the most Benevolent and most Merciful.

| would like to acknowledge my supervisors, Prof. Dato’ Dr. Nik Muhamad
Ab. Majid and Assoc. Prof. Dr. Faridah Hanum Ibrahim from the Faculty of
Forestry, Universiti Putra Malaysia (UPM) and Dr. Shamsudin Ibrahim of the
Forest Research Institute Malaysia (FRIM) for their valuable advice,

guidance, comments and criticisms throughout the preparation of this study.

The support given by FRIM's management particularly the Director General,
Dato’ Dr. Hj. Abdul Razak Mohd. Ali, the Deputy Director General Dato’ Dr.
Hj. Wan Razali Wan Mohd and also Dr. S. Appanah are gratefully

acknowledged.

Special thanks goes to the Forestry Department of Selangor for providing the
study site and Malaysian-DANCED Project on Sustainable Management of
Peat Swamp Forests in Peninsular Malaysia, which funded part of the study.
Appreciation is also extended to APAFRI-Tree Link under Applied Research
Outreach program for the opportunity to participate in their research clinics

for enhancement of my ability to conduct scientific research.

Profound appreciation and thanks are also extended to Dr. Abd. Rahman

Kassim and Dr. Ab. Rasip Ab. Ghani who assisted on data processing and

ix



analysis, and Mr. Rosman Ibrahim, Mr. Zainol Khalid, Mr. Sadali Sahat, Mr.

Hamid Lebai Hassan, Mr. Wan Adenan Wan Ishak and many others who
assisted in the field work and data collection. Sincere thanks also go to Dr.
Wan Rashidah Wan Abd. Kadir, Mrs. Wan Asma Ibrahim, Mrs. Rozita Ahmad
and staff of the Chemistry Laboratory who assisted in the preparation of
mulching materials and analysis of leaves and peat samples, and Mr. Ahmad

Fauzi Mohd. Shariff, Mr. Ng Tian Peng and Mr. Hamzah Mamat for their help

in raising the planting materials.
Last but not least, | wish to extend my gratitude to my parents and wife, Mrs.
Norazian Adam for their constant support and understanding throughout the

study.

May Allah SWT bless you all.



| certify that an Examination Committee met on 25" October 2001 to conduct
the final examination of Ismail Bin Hj. Parlan on his Master Science thesis
entitled “Rehabilitation of Degraded Peat Swamp Forest in Raja Musa Forest
Reserve, Selangor, Malaysia” in accordance with Universiti Pertanian
Malaysia (Higher Degree) Act 1980 and Universiti Pertanian Malaysia
(Higher Degree) Regulations 1981. The Committee recommends that the
candidate be awarded the relevant degree. Members of the Examination
Committee are as follows:

CAPT. MOHD. ZAKI HAMZAH, Ph.D.
Faculty of Forestry

Universiti Putra Malaysia

(Chairman)

DATO’ NIK MUHAMAD AB. MAJID, Ph.D.
Professor/Dean

Faculty of Forestry

Universiti Putra Malaysia

(Member)

FARIDAH HANUM IBRAHIM, Ph.D.
Associate Professor

Faculty of Forestry

Universiti Putra Malaysia

(Member)

SHAMSUDIN IBRAHIM, Ph.D.
Director

Natural Forest Division

Forest Research Institute Malaysia
(Member)

anys

MOHD/, SHAZALI MOHAYIDIN, Ph.D.
Professor/Deputy Dean of Graduate School
Universiti Putra Malaysia

Date: @ @0V W01

X1



This thesis submitted to the Senate of Universiti Putra Malaysia has been
accepted as fulfilment of the requirement for the degree of Master of

Science.

xii

AINI IDERIS, Ph.D.

Professor/Dean of Graduate School
Universiti Putra Malaysia

Date: 13 Bec oy



DECLARATION

| hereby declare that the thesis is based on my original work except for
quotations and citations which have been duly acknowledged. | also declare
that it has not been previously or concurrently submitted for any other degree

at UPM or other institutions.
A_—<:::::::€§;;;;"fE;;;:;;EEi---—-..__,_

——

ISMAIL BIN HJ. PARLAN

Date: & /\/ﬂu 20O

Xiil



TABLE OF CONTENTS

DEDICATION

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL SHEET
DECLARATION FORM
LIST OF TABLES

LIST OF FIGURES

LIST OF PLATES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

1.1 Forestry in Peninsular-Malaysia
1.1.1 Forest Resources
1.1.2 Forest Types
1.1.3 Forest Management and Conservation

1.2 Justifications of the Study

1.3 Objectives of the Study

2 LITERATURE REVIEW

2.1 Peat Swamp Forests in Peninsular Malaysia
2.1.1 Occurrences and Formation
2.1.2 Characteristics
2.1.3 Functions

2.2 Extent of Peat Swamp Forest in Malaysia
2.2.1 Peninsular Malaysia
2.2.2 Sabah and Sarawak

2.3 Peat Swamp Forests in Southeast Asia
2.3.1 Thailand
2.3.2 Indonesia
2.3.3 Brunei

2.4 Forest Degradation
2.4.1 Definition
2.4.2 Causes of Degradation

2.5 Factors for Consideration in Forest
Rehabilitation
2.5.1 Selection of Species
2.5.2 Supply of Planting Materials
2.5.3 Rehabilitation Areas
2.5.4 Tending
2.5.5 Financial Support

Xiv

Page

iii
vi

Xi
xiii
XVi
Xix
XXi
XXii



2.6

2.7
2.8
2.9

Status of Forests Rehabilitation in Peninsular
Malaysia

Rehabilitation of Peat Swamp Forests
Light Intensity

Species Selected

2.9.1 Anisoptera marginata

2.9.2 Calophyllum ferrugineum
2.9.3 Durio carinatus

2.9.4 Ganua motleyana

2.9.5 Gonystylus bancanus

2.9.6 Shorea platycarpa

METHODOLOGY

3.1

3.2

3.3

34
3.5
3.6
3.7

Site Description

3.1.1 Location

3.1.2 Climate

Production of Planting Materials
3.2.1 Collection of Wildings
3.2.2 Seeds

3.2.3 Vegetative Propagation via Stem Cutting
Field Planting

3.3.1 Experimental Design
3.3.2 Planting Techniques
3.3.3 Data Collection

3.3.4 Project Limitations

Light Intensity Study

Soil and Foliar Analysis

Data Analysis

Project Costs

RESULTS

41

4.2

43

Field Planting

4.1.1 Survival

4.1.2 Basal Diameter Increment

4.1.3 Total Height Increment

Light Intensity Study

4.2.1 Survival

4.2.2 Basal Diameter Increment

4.2.3 Total Height Increment

Soil and Foliar Analysis

4.3.1 Chemical and Physical Properties of
Peat

4.3.2 Foliar Analysis of Seedlings in the
Nursery

4.3.3 Foliar Analysis of Seedlings in the
Field

XV

34
38
40
42
42
43
45
46
47
50

52
52
52
56
59
59
62
64
67
67
69
77
78
79
81
82
83

84
84
84
90
92
94
94
95
98
101

101
104

107



4.4 Cost Assessments
4.41 Total Planting Costs
4.4.2 Costof Planting per Seedling

5 DISCUSSION
6 CONCLUSIONS
REFERENCES

APPENDICES
BIODATA OF THE AUTHOR

Xvi

117
17
118

120
129
132

144
158



Table

10

11

12

13

14

15

16

17

LIST OF TABLES

Forest resources of Peninsular Malaysia
Degradation classification of PSF in North Selangor

Extent of PSF in Peninsular Malaysia between 1981 -
1991

Extent of enrichment planting in Peninsular Malaysia
between 1966 — 2000

Total area of enrichment planting in different states of
Peninsular Malaysia between 1956 — 1996

Composition of empty fruit bunches
Physical properties of topsoil
Composition of macronutrients of topsaoil

Analysis of variance of survival rate for the different
planting techniques and species

Multiple comparisons of mean using Tukey method

Ranking order of planting techniques and species based
on the means of survival

Analysis of variance of basal diameter increment (BDI) for
different planting techniques and species

Analysis of variance of total height increment (THI) for the
different planting techniques and species

Analysis of variance of basal diameter increment (BDI) for
light intensity study

Analysis of variance of total height increment (THI) for
light intensity study

Some physical properties of peat

Macronutrient concentrations of peat in the study site

xvii

Page

18

36

37
71
74

74

86

88

89

90

92

96

99
102

102



18

19

20

Carbon and micronutrient concentrations of peat in the
study site 103

Estimation costs of the field planting 118

Estimation costs per seedling based on planting
technique 119

XVviil



Figure

10

11

12

13

14

15

LIST OF FIGURES

Distribution of PSF in Peninsular Malaysia
Peat soil in Sabah and Sarawak
Location of the experimental area

Average of monthly rainfall in Compartment 101, Raja
Musa Forest Reserve, Selangor from 1989 - 1999

Water table measurements in Compartment 101, Raja
Musa Forest Reserve, Selangor

Average survival rate in different planting techniques

Average cumulative values of basal diameter
increment (BDI) for the different planting techniques

Average cumulative values of total height increment
(THI) for the different planting techniques

Average cumulative of basal diameter increment (BDI)
at different relative light intensities (RLI)

Average cumulative of total height increment (THI) at
different relative light intensities (RLI)

Macronutrient concentrations in the seedlings at
nursery stage

Micronutrient concentrations in the seedlings at
nursery stage

Macronutrient status of Anisoptera marginata three and
six months after planting

Macronutrient status of Calophyllum ferrugineum three
and six months after planting

Macronutrient status of Durio carinatus three and six
months after planting

Xix

Page
20
22

53

57

58
87

91

93

97

100

105

106

108

109

111



16

17

18

Macronutrient status of Ganua motleyana three and six
months after planting 112

Macronutrient status of Gonystylus bancanus three
and six months after planting 115

Macronutrient status of Shorea platycarpa three and
six months after planting 116

XX



Plate

10
11
12
13
14
15
16
17

LIST OF PLATES

Imperata cylindrica dominates the study area

Ex-peat and ex-tin mining areas adjacent to the study
area

Wildings placed in a plastic container that contain
water gel

Wildings in the temporary nursery

Anisoptera marginata seedlings in the nursery raised
from seeds

Stem cuttings of Gonystylus bancanus
Rooted stem cuttings of Gonystylus bancanus
The planting materials for the field planting

A one-metre width of line clearing

The south - north direction of planting strip
The open planting technique

Freshly shredded oil palm empty fruit bunches (EFB)
Open planting with mulching

Open planting with topsoil

Open planting with nurse tree

Shade chamber of 70 percent RLI

Shade chamber of 30 percent RLI

xxi

Page

55

55

61

61

63
66
66
68
68
70
70
72
73
5
75
80
80



A. marginata
a.s.l.

ANOVA

BDI

C. ferrugineum
D. carinatus
dbh

EFB

FR

G. bancanus
G. motleyana
PSF

RLI

S. platycarpa
THI

LIST OF ABBREVIATIONS

Anisoptera marginata
Above sea level

Analysis of variance
Basal diameter increment
Calophyllum ferrugineum
Durio carinatus

Diameter at breast height
Empty fruit bunches
Forest reserve
Gonystylus bancanus
Ganua motleyana

Peat swamp forests
Relative light intensity
Shorea platycarpa

Total height increment

XXil



CHAPTER ONE

INTRODUCTION

1.1 Forestry in Peninsular Malaysia

1.1.1 Forest Resources

In general, forest has three main basic roles; providing social-cultural,
economic and environmental services. |n terms of socio-cultural services,
the rural communities living in or near forest area, depend mainly on the
forests for their living. The economic contribution of forests is well
recognised, as it provides important raw materials to the wood-based
industries. Timber products are traded not only in domestic but also in
international markets that help to generate income for economic development

of the country.

Environmental services of the forest are not easily translated into
financial values. Although they are intangibles, the roles of the forests in
watershed protection, conservation of soil and water resources, conservation
of genetic resources and support for agriculture and other land use have long

been recognised (Ministry of Primary Industries Malaysia, 1989).



Peninsular Malaysia is very fortunate because it is well endowed with

relatively large tracts of rich and diverse tropical rain forests that have been
acknowledged to be amongst the most complex terrestrial ecosystems in the
world. Peninsular Malaysia also has one of the richest floras in the world,
containing 1,500 genera and more than 7,900 species of flowering plants

(Ministry of Primary Industries Malaysia, 1989).

From the Third National Forest Inventory, out of the total land area of
about 13.16 million ha, 5.84 million ha or 44.4 percent is still under forest in
Peninsular Malaysia (Chin et al., 1997). Of the 5.84 million ha, 4.73 million ha
are under the Permanent Forest Estate (PFE) and the remaining is stateland
forest, wildlife reserve and others (Table 1). Out of the 4.73 million ha under
PFE, 2.83 million ha and 1.90 million ha are classified as production and

protection forests, respectively (Chin et al., 1997).

Table 1: Forest resources of Peninsular Malaysia

Forest category Area (Ha)
Permanent reserve forest 4,730,216
Stateland forest 478,409
Wildlife reserve 611,692
Others 18,543
Total 5,838,860

Source: Chin et al. (1997)



1.1.2 Forest Types

Foxworthy (1927) as cited in Wyatt-Smith (1963), classified forest
types in Peninsular Malaysia into three broad groups; littoral, lowland and
mountain or hill forests where each is further subdivided into a number of

sub-groups. These subgroups are as follows:

i) Littoral forests (a) Beach forests

(b) Mangrove swamps
ii) Lowland forests (a) Fresh water swamp forest

(b) Seasonal swamp forest

(c) Secondary forest

(d) High forest (up to 600 m above sea level (a.s.l.))
iii) Hill forests (@) Mid mountain forests (above 600 a.s.l.)

(b) High mountain forests

(c) Ridge forests

A classification of forest types was further refined by Wyatt-Smith
(1963) who classified forests in Peninsular Malaysia into six main groups and
fifteen subgroups. Among the main groups, Lowland Evergreen Rainforest is
the most extensive. According to Wan Razali (1994) as cited in Shamsudin
(1997), the Upper, Hill and Lowland Dipterocarp Forests that fall under the
group of Lowland Evergreen Rainforests constitute the major subgroups in

Peninsular Malaysia as they cover approximately 87 percent of the total



forested areas in Peninsular Malaysia. Lowland, Hill and Upper Dipterocarp
Forests cover areas with altitudinal limit of <300 m, 300 m - <700 m and 2700

m -<1,200 m a.s.l.,, respectively.

Peat swamp forest (PSF), mangrove, freshwater alluvial swamp and
riparian forests on the other hand are grouped under Swamp and low-lying
Forests. Generally, PSF covers areas at altitudes from sea level to about 50

m a.s.l. (Faizal and Looi, 1999).

1.1.3 Forest Management and Conservation

PFEs are permanent reserves and they will, under existing legislation
be managed on a sustainable basis for protection, production, amenity,
research and education purposes. These uses must be managed sustainably
in accordance with general principles of sustainability that are ecologically
viable and commercially feasible. The management of these forests is clearly
stated in the National Forestry Policy, which was formulated and approved

by National Forestry Council and later endorsed by the National Land

Council in 1978.

In Peninsular Malaysia, the productive inland forest under the PFE is
managed under the Selective Management System (SMS). Before SMS, the
Malayan Uniform System (MUS) was used since 1950’s (Wan Mohd. Shukri,

1997). The MUS consists of removing the mature crop in one single felling of



all trees down to 45 cm diameter at breast height (dbh) (Wan Mohd. Shukri,

1997).

MUS has been successfully applied to the Lowland Dipterocarp
Forest, but later found to be unsuitable in the Hill Dipterocarp Forest (Wyatt-
Smith, 1963). Consequently, the SMS which entails the selection of optimum
felling regimes based on pre-felling forest inventory data was introduced in
1978 (Wan Mohd. Shukri, 1997). In practice, under the SMS the next cut is
expected in 30 years after the first logging with an expected net economic out
turn of 30 — 40 m3ha™ (Wan Mohd. Shukri, 1997). According to Cedergren
and Shamsudin (1999) the SMS is also applicable in managing PSF in

Peninsular Malaysia.

Meanwhile the forests which are classified as protection forest are
used as water catchment, flood control and conservation purposes. Out of
1.90 million ha allocated as protection forest, approximately 0.74 million ha or
12.7 percent of the total forested land has been designated for the
conservation of biological diversity such as national parks, wildlife reserves

and bird sanctuaries (Ministry of Primary Industries Malaysia, 1999).



1.2  Justifications of the Study

Many researches on forest rehabilitation have been carried out
throughout Peninsular Malaysia (Ang et al., 1992; Abd. Rahman et al., 1992;
Paudyal and Nik Muhamad, 1992; Nik Muhamad et al., 1994). Among the
degraded areas in logged-over forests where research has been conducted
are temporary decking sites, skid trails and road shoulders (Wan Razali and

Ang, 1992).

Open and line planting are the most common techniques used in
rehabilitating logged-over forests (Ang et al., 1992; Thang and Zulkefli, 1992;
Suhaili, 1996; Ismail, 1998). Rehabilitation using open planting technique is
normally concentrated in open spaces such as temporary decking sites and
road shoulder whereas line planting is used to stock poor secondary forests.
Various studies on planting of indigenous timber species in logged-over
areas using open and line planting techniques have been reported by Thang
and Zulkifli (1992), Ang et al. (1992), Abdul Rahman et al. (1992) and Subhaili

(1996).

Chin et al. (1997) estimated that in 1992 there were about 0.23 million
ha of logged-over PSF in Peninsular Malaysia. There is no report about how
much is considered as degraded areas. However, Woon and Mohd. Parid
(1999) reported that more than 30 percent of logged-over PSF in North

Selangor is classified as highly degraded areas (Table 2).



Table 2: Degradation classification of PSF in North Selangor

| Description

Rehabilitation
measures

Ha

| Highly  disturbed PSF:

land/burnt area - trees are generally

cleared

cleared and the areas are dominated

by grass (especially Imperata

cylindrica or Lalang) and recently
logged-over forest with no big trees

and low residual vegetation.

Replanting and
enrichment

planting

22,213

Moderately disturbed PSF:

pole-sized

some
trees as well as
but

distribution and thick under-growth.

regeneration, with very poor

Enrichment
planting and
liberation

thinning

23,954

Less disturbed PSF: unlogged or
selectively logged. Good residual stand
with but

commercial species.

regeneration, poor in

Liberation

thinning

18,823

Undisturbed/intact PSF:

areas.

unlogged

Virgin forest

reserve

7,826

Sources:

Total

72,816

Shamsudin etal. (1997); Anon (1997a); Woon and Mohd. Parid (1999)



The highly disturbed areas are not only poor in stocking but also

susceptible to forest fire. Woon and Mohd. Parid (1999) estimated the
stumpage value of undisturbed and less disturbed PSF to be at RM 15,765
ha” and RM 10,510 ha™', respectively whereas the highly and moderately
disturbed PSF have no stumpage value at all. It is important to improve the
productivity of these areas by planting with commercial tree species, in order
to sustain its role as an important source of high quality timber species as
well as protecting the environment. Other wise these areas will be colonised
by secondary non-commercial species especially Macaranga spp. and

Imperata cylindrica.

Unfortunately, information on appropriate planting techniques,
suitability of species for planting and the supply of planting materials are not
available for PSF particularly in Peninsular Malaysia. It was observed that not
much work has been done to rehabilitate degraded PSF and even existing
reports showed that rehabilitation has never been conducted in this forest

type in the past (Wan Yusoff and Abdul Rahman, 1997; Ismail, 1998).

It has never been customary in the past to carry out post-felling
treatments including planting in logged-over PSF (Shamsudin and Aziah,
1992). This is mainly due to the fact that most logging activities in PSF was
concentrated in areas demarcated for alienation to various agricultural
projects and other land uses. After all commercial timber species have been

harvested, the area will be cleared and burnt prior to cultivation of agricultural



crops such as oil palm and rubber trees. With the current development
where many PSF areas under PFE have been logged and the realisation that
these areas need to be rehabilitated after logging (Razani and Jalil, 1997),
research to examine appropriate planting techniques using suitable

commercial tree species in logged-over PSF need to be conducted.

Normal planting techniques applied in rehabilitating inland forests
(lowland or hill forests) cannot be adopted directly due to vast differences in
environmental conditions between inland forests and PSF. PSF is a unique
environment where hydrological parameters are critical in controlling tree
growth, besides soil productivity and light conditions. A major difference in

planting in these two forest types is the timing of planting.

In inland forests, planting is conducted during the rainy seasons but it
is not possible in PSF because generally during this time the PSF is
completely flooded. Besides planting techniques, the choice of suitable
species for rehabilitating degraded PSF also need to be further investigated.
The ability to produce sufficient planting materials through seed and various
propagation techniques, for example via stem cutting and tissue culture are
regarded as important considerations in selecting suitable timber species for

rehabilitating degraded PSF.



1.3 Objectives of the Study

The main objectives of this study are to:-

i) determine appropriate rehabilitation techniques, and

i) evaluate performance of selected species for rehabilitating degraded

PSF.

The main study (field planting) was conducted at Compartment 101,

Raja Musa Forest Reserve (FR), Selangor between 1999 to 2000.



132

REFERENCES

Ab. Rasip, A.G., Darus, A. and Rac’z, J. (1991). Preliminary assessment on
growth performance of indigenous species planted under pine. In
Wickneswari, R., Ahmad Zuhaidi, Y., Amir Husni, M.S. and Darus, A.
(eds.), Proceedings of the Fourth Round Table Conference on
Dipterocarps. BIOTROP Special Publication No. 41.

Abdul Halim, M.H. (1994). Reforestration of peat swamp forests with special
reference to Sago plantation in Sarawak. In Wickneswari, R. et al.,
(eds.), Proceedings of the International Workshop of Bio-Refor
Kangar. 218 pp.

Abdul Rahman, K., Azman, H., Shahrulzaman, |. and Appanah, S. (1992).
Results of 15-year old enrichment planting trials in Tapah Hills Forest
Reserve, Perak, Peninsular Malaysia. In Nik Muhamad, M.,Ismail
Adnan, A.M, Mohd Zaki, H. and Kamaruzaman, J. (eds.), Proceedings
of International Symposium on Rehabilitation of Tropical Rainforest
Ecosystems: Research and Development Priorities. Kuching,
Sarawak. Faculty of Forestry, Universiti Pertanian Malaysia (UPM),
Serdang. Pp 166 - 172.

Aminah, H. (1991). A note on the effect number on rooting of Hopea odorata
stem cuttings. Journal of Tropical Forest Science 3(4): 384 - 385.

Aminah, H., Abdul Khalim, A.S., Ngaijah, S. and Sheikh Abu Bakar, A.
(1997). Panduan teknik-teknik pengurusan tapak semaian spesis
perhutanan di Malaysia. FRIM Technical Information Handbook No. 7.

31 pp.

Aminuddin, M. (1982). Light requirements of Dyera costulata seedlings.
Malaysian Forester 45(2): 203 - 208.

Amir Husni, M.S. (1989). Site fertility and carrying capacity in two Malaysian
tropical forest reserves. Ph.D Thesis, University of Aberdeen, United
Kingdom. 391pp.

Andriesse, J. P. (1988). Nature and management of tropical peat soil. FAO
Soil Bulletin No. 59, FAO/UNDP. 165 pp.

Ang, L.H., Maruyama, Y., Wan Razali, W.M. and Abdul Rahman, K. (1992).
The early growth and survival of three commercial dipterocarps
planted in decking sites of a logged-over hill forest. In Nik Muhamad,
M. Ismail Adnan, A.M, Mohd Zaki, H. and Kamaruzaman, J. (eds.),
Proceedings of International Symposium on Rehabilitation of Tropical
Rainforest Ecosystems: Research and Development Priorities.
Kuching, Sarawak. Faculty of Forestry, Universiti Pertanian Malaysia
(UPM), Serdang. Pp 147 - 156.



133

Anon (1987). Malaysian wetland directory. Department of Wildlife and
National Parks. Malaysia.

Anon (1997a). Silvicultural and logging trials in peat swamp forests. Report
of the first meeting of the project technical committee for the
Malaysian-DANCED project on sustainable management of peat
swamp forest, Peninsular Malaysia. Forestry Department Peninsular
Malaysia (unpublished).

Anon (1997b). The nature study trail guidebook: peat swamp forest.
Published by Sirindhorn Research And Nature Stuc, _ _ iter. Su-N/géi
Ko-Lok District, Narathiwat Province. 28 pp.

Appanah, S. and Weinland, G. (1993). Planting quality timber trees in
] Peninsular Malaysia: a review. Malayan Forest Records No. 38.
Forest Research Institute Malaysia. 247 pp.

Appanah, S. (1997). Peat swamp forests of Peninsular Malaysia — the .
endangered ecosystem. In Palle, H., Chin, T.Y and Razani, U. (eds.)
Proceedings of the Workshop on Sustainable Management of Pegéat
Swamp Forest. Pp. 6 — 14.

Appanah, S., Ismail, H., Samsudin, M. and Sadali, S. (1999). Flora survey of
North Selangor Peat Swamp Forest. In Chin T. Y and Palle H. (eds.),
Sustainable Management of Peat Swamp Forest in Peninsular-
Malaysia: Resource and Environment (vol. ). Pp. 199 - 238.

Applegate, G.B. and Robson, K.J. (1994). Establishment of mixed rainforest
species on degraded land — a case study from coastal lowlands of
Northern Australia. Journal of Tropical Forest Science 7(1): 8- 17.

Awang Noor, A. G., Basri, H. and Shamsudin, S. (1997). Economics of
enrichment planting in Peninsular Malaysia. In Wan Yusoff, W. A,
Abdul Rahman, A.R., Yong, T.K., Mohd. Nizam, M.N. and Kadri, S.
(eds.), Proceedings of the Workshop on Selective Management
System and Enrichment Planting: Towards Sustainable Forest
Management. Forestry Department Headquarters. Kuala Lumpur. Pp
133 - 144.

Awang Sham, P. and Garcia, C. (2001). ICBS’s experience in rehabilitation of
degraded tropical rainforest with emphasis on the Innoprise/sow-a-
seed project, Luasong. Paper presented at Seminar on Rehabilitation
of Degraded Tropical Forests. Forestry Department Headquarters. 8 —
10 May 2001.



134

Azahar, M. and Masran, M.S. (1997). Implementation and problems of
enrichment planting based on experiences in the states. In Wan
Yusoff, W. A, Abdul Rahman, A.R.,, Yong, T.K., Mohd. Nizam, M.N.
and Kadri, S. (eds.), Proceedings of the Workshop on Selective
Management System and Enrichment Planting: Towards Sustainable
Forest Management. Forestry Department Headquarters. Kuala
Lumpur. Pp 107 - 116.

Brunig, E.F. (1974). Ecological studies in the kerangas forests of Sarawak
and Brunei. Borneo Literature Bureau. Sarawak. 236 pp.

Cedergren, J. and Shamsudin, I. (1999). Reduced impact logging in peat
swamp forest. In Chin T. Y and Palle H. (eds.), Sustainable
Management of Peat Swamp Forest in Peninsular Malaysia:
Resource and Environment (vol. I). Pp. 111 - 132.

Chan, H.T. (1990). Forestry. In environmental action plan for the North
Selangor peat swamp forest. Prentice, C. (ed.) World Wildlife Fund
Malaysia and Asian Wetland Bureau.

Cheah, L.C. (1995). Pioneer species for fast growing tree plantations in
Malaysia — an evaluation. FRIM Technical Information No. 53. Forest
Research Institute Malaysia (FRIM). 28 pp. |

. ~

" Chin, T. Y., Nor Akhiruddin, M, Samsuanuar, N, Yong, T.K, Hasnuddin, M. A.
and Mohd Nashir, S.1. (1997). Report on third national forest inventory

Peninsular Malaysia. Forestry Department Headquarters. Kuala
Lumpur. 211 pp.

Chu, F.F.T. (1969). A preliminary study of fibre characteristics of timber of
peat swamp forest of Sarawak. Malaysian Forester 32(3): 287 - 293.

Chumlong, P., Chawalit, N. and Wiwat, U. (1991). Flora in peat swamp areas
of Narathiwat, Thailand. Phikulthong Study Centre. 368 pp.

Coulter, J.K., McWalter, A.R. and Arnott, G.W. (1956). Soil survey report No.
3, Trans. Perak Swamp. The Malayan Agriculture Journal XXXIX : 99 -
120.

David, W.L., Krishnapillay, B, Haris. M., Marzalina, M. and Yap, S.K. (1997).
Seedling development of Gonystylus bancanus (Ramin melawis) in
response to light intensity and spectral quality. Journal of Tropical
Forest Science 8(4): 520 - 531.



135

Dwiyono, A. and Rachman, S. (1996). Management and conservation of the
tropical peat forest of Indonesia. In Maltby, E., Immirzi, C.P. and
Safford, R.J. (eds.), Proceedings of a Workshop on Intergrated

Planning and Management of Tropical Lowland Peatlands, IUCN. Pp.
103 - 117.

Faizal, P. and Looi, C.C. (1999). Southeast Asia peatland action plan and
management initiative. Paper presented at International Conference
and Workshop on Tropical Peat Swamps “Safe-Guarding a Global
Natural Resource”. 27-29 July 1999, Penang, Malaysia.

Feilberg, P. and Sorensen, P. (1999). Growth studies in North Selangor Peat
Swamp Forest. In Chin T. Y and Palle H. (eds.), Sustainable
Management of Peat Swamp Forest in Peninsular Malaysia: Resource
and Environment (vol. I). Pp. 65 — 100.

Francis, C. (1997). Silvicultural management and research in peat swamp
forest of Sarawak. In Palle, H., Chin, T.Y and Razani, U. (eds.),
Proceedings of the Workshop on Sustainable Management of Peat
Swamp Forest. Pp. 29 - 49.

Fredericksen, T.S. and Mostacedo, B. (1999). Regeneration of timber
species following selection logging in a Bolivian tropical dry forest.
Forest Ecology and Management 131(2000): 47 — 55.

Ghazali, H. (1996). Interaksi kulat mikoriza vesikul-arbuskul (MVA) dengan
anak pokok jati (Tectona grandis) pada aras pembajaan NPK. BSc.
Thesis, Universiti Pertanian Malaysia (UPM). 68 pp.

Gomez, K.A, and Gomez, A.A. (1984). Statistical procedures for agricultural
research (second edition). An International Rice Research Institute.
John Wiley and sons, Singapore. 680 pp.

Gurmit, S. (1994). Management and utilisation of oil palm by-products. In
Koh, M.P., Mohd Nor, M.Y., Khoo, K.C. and Nurulhuda, M.N (eds.).
Proceeding of Third National Seminar on Utilisation of Oil Palm Tree
and Other Palms. Pp. 19 - 48.

Ismail, A.M. and Othman, B. (1992). Application of Miyawaki's forest
rehabilitation technique towards a uniquely Malaysian lanscape. In Nik
Muhamad, M.,Ismail Adnan, A.M, Mohd Zaki, H. and Kamaruzaman,
J. (eds.), Proceedings of International Symposium on Rehabilitation of
Tropical Rainforest Ecosystems: Research and Development
Priorities. Kuching, Sarawak. Faculty of Forestry, Universiti Pertanian
Malaysia (UPM), Serdang. Pp 183 - 194.



136

Ismail, P. (1998). The status of rehabilitation in logged-over forests in
Peninsular Malaysia.  Graduate Seminar, Faculty of Forestry]
Universiti Putra Malaysia (UPM), (unpublished).

Ismail, P. and Shamsudin, I. (1999). Production of plants from peat swamp
forest tree species. In Chin T. Y and Palle H. (eds.), Sustainable
Management of Peat Swamp Forest in Peninsular Malaysia:
Resource and Environment (vol. 1). Pp. 101 - 110.

Jeyaraj, K. (1987). Stomatal response to changing light by three species of

varying shade tolerance. B.Sc. thesis. Faculty of Forestry, Universiti
Pertanian Malaysia (UPM). 91 pp.

Kamaruzaman, J. and Nik Muhamad, M. (1987). Effects of crawler tractor
logging on soil compaction in central Pahang. Proceedings of:
UNESCO/IHP Workshop on Impact Operations in Natural and
Plantation Forests on Conservation of Soil and Water Resources.
Universiti Pertanian Malaysia (UPM).

Lamb, D. (1994). Reforestation of degraded tropical forest lands in the Asia-
Pacific region. Journal of Tropical Forest Science 7(1): 1— 7.

[L—ee, D.W., Oberbauer, S.F., Krishnapillay, B., Marzalina, M., Haris, M. and
Yap, S.K. (1994). Forest shade and seedling development in five
dipterocarps. In Appanah, S. and Khoo, K.C. (eds.), Proceedings of
Fifth Round Table Conference on Dipterocarps. Pp. 102 - 116.

Lim, M. T. (1992). Some ecological considerations in rehabilitating tropical
forest ecosystems. In Nik Muhamad, M.,Ismail Adnan, A.M, Mohd
Zaki, H. and Kamaruzaman, J. (eds.), Proceedings of International
Symposium on Rehabilitation of Tropical Rainforest Ecosystems:
Research and Development Priorities. Kuching, Sarawak. Faculty of
Forestry, Universiti Pertanian Malaysia (UPM), Serdang. Pp 20 - 25.

Lim, H.F, Woon, W.C. and Mohd Parid, M. (1999). The socio-economic
impacts of North Selangor Peat Swamp Forest utilisation on local
communities. In Chin T. Y and Palle H. (eds.), Sustainable
Management of Peat Swamp Forest in Peninsular Malaysia:
Resource and Environment (vol. 1l). Pp. 213 - 280.

Malaysian Meteorological Service (1989 - 1999). Monthly abstract of
meteorological observations. Petaling Jaya, Selangor, Malaysia.

Manokaran, N., Lafrankie J.V., Kochummen, K.M., Quah, E.S., Klahn, J.E.,
Ashton, P.S. and Hubbell, S.P. (1992). Stand table distribution of
species in the fifty hectares research plot at Pasoh Forest Reserve.
FRIM Research Data No. 1. Forest Research Institute Malaysia
(FRIM), Kepong. 454 pp.



137

Marsh, C.W. (1981). Primates in Malayan peat swamp forests. In Nordin,
M., Latiff, A., Mahani,M.S. and Tan, S.C. (eds.), Conservation inputs

from life sciences. Universiti Kebangsaan Malaysia (UKM), Bangi. Pp
101 - 108.

Marzalina, M. (1992). Managing relative intensities for the growth of
Dipterocarp seedlings. In Ho, Y.W., Vidyadaran, M.K., Norhani A.,
Jainudeen M.R. and Abd. Rani B. (eds.) Proceedings of the National
IRPA Seminar (Vol. Il). Published by Ministry of Science, Technology
and the Environment. Pp. 439 - 440.

Marzalina, M. (1995). Storage of Swietenia macrophylla seed. Ph.D Thesis
Universiti Kebangsaan Malaysia (UKM), Bangi. 288 pp.

Ministry of Primary Industries Malaysia (1989). Forestry in Malaysia. 68 pp.

Ministry of Primary Industries Malaysia (1999). Malaysia report on the
progress towards the achievement of the ITTO year 2000 objective.

Mohamad Lokmal, N, Shamsudin, |, Darus, A, and Mohd Nor, M. (1992).
Vegetative propagation of Gonystylus bancanus by stem cutting.
Regional Symposium on Recent Advanced in Mass Clonal
Muiltiplication of Forest Trees for Plantation Programme, Bogor,
Indonesia. 1 - 8 November 1992.

Mohd. Afendi, H. and Ang, L.H. (1994). Nursery techniques for dipterocarps
- part I: planting stock production of Shorea assamica (Meranti pipit),
S. parvifolia (Meranti sarang punai), S. leprosula (Meranti tembaga),
Dryobalanops aromatica (Kapur) and Hopea odorata (Merawan siput
jantan). FRIM Technical Information No. 49. Forest Research Institute
Malaysia (FRIM), Kepong. 4 pp.

Mohd. Basri, H. (2001). Rehabilitation of natural forest — project technical
report. Paper presented at Seminar on Rehabilitation of Degraded
Tropical Forests. Forestry Department Headquarters. 8 — 10 May
2001.

Mori, K. (1992). The corporate roles and experiences in forest rehabilitation
projects. In Nik Muhamad, M.,Ismail Adnan, A.M, Mohd Zaki, H. and
Kamaruzaman, J. (eds.), Proceedings of International Symposium on
Rehabilitation of Tropical Rainforest Ecosystems: Research and
Development Priorities. Kuching, Sarawak. Faculty of Forestry,
University Pertanian Malaysia (UPM). Pp 147 - 156.



138

Mutalib, A.A., Lim, J. S, Wang, M. H. and Koonvai, S. L. (1992).
Characteristics, distribution and utilization of peat in Malaysia. In
Aminuddin, B.Y., Tan, S.L., Aziz, B.,, Samy, J., Salmah, Z., Siti
Petimah, H. and Choo, S.T. (eds.), Proceedings of the Internationa
Symposium on Tropical Peatland. Pp 7 - 16.

Newman, M.F., Burgess, P.F. and Whitmore, T.C. (1996). Borneo Island light
hardwoods: Anisopera, Parashorea, Shorea. Royal Botanic Garden
and Center For International Forestry Research (CIFOR).

Nik Muhamad, M. and Mohd. Zaki, H. (1995). Rehabilitation of degraded
forest land in Malaysia. In Abdul Rashid, A.M., Abdul Rahim, N.,
Aminuddin, M., Lee, S.S., Andrew, W.H.H. and Khoo, K.C. (eds.),
Proceedings of Third Conference Forestry and Forest Products
Research. Forest Research Institute Malaysia (FRIM), Kepong. Pp.
68 - 77.

Nik Muhamad, M., Azizah, H. and Idris, A. (1994). Rehabilitation of ex-tin

mining land by agroforestry practice. Journal of Tropical Forest
Science 7(1): 113 - 127.

Noor Azlin, Y. (1990). Utilization of wetland plant species by local
communities — results of as interview survey of communities near
wetland areas in Peninsular Malaysia. Asian Wetland Bureau. 120 pp.

Otsamo, R. Otsamo, A. and Adjers, G. (1996). Reforestation experiences
with dipterocarp species on grassland. In Schulte, A. and Schone, D.
(eds.), Dipterocarp Forest Ecosystems: Towards Sustainable
Management. World Scientific. Pp 464 — 477.

Parbery, D.B. and Venkatachalam, R.M. (1964). Chemical analysis of South
Malayan peat soil. Journal of Tropical Geography, Vol. 18: 125 — 133.

Pauyal, B., and Nik Muhamad, M. (1992). Preliminary growth of Ceiba
petandra Gaertn. seedlings on ex-tin mining lands in Peninsular
Malaysia. In Nik Muhamad, M.,Ismail Adnan, A.M, Mohd Zaki, H. and
Kamaruzaman, J. (eds.), Proceedings of International Symposium on
Rehabilitation of Tropical Rainforest Ecosystems: Research and
Development Priorities. Kuching, Sarawak. Faculty of Forestry,
Universiti Pertanian Malaysia (UPM), Serdang. Pp. 166 - 172.

Pukittayacamee, P., Saelim, S., Bhodthipuks, J. and Kijkar, S. (1996).
Dipterocarp seed behaviour and storage. In Appanah, S. and Khoo,
K.C. (eds.), Proceedings of Fifth Round Table Conference on
Dipterocarps. Pp. 11- 34.



139

Raja Barizan, R.S. (1994). Growth and survival of planted seedlings of
Hopea odorata under different light conditions and fertiliser levels in a

logged-over forest. In Appanah, S. and Khoo, K.C. (eds.), Proceedings
of Fifth Round Table Conference on Dipterocarps. Pp. 180 - 188.

Raja Barizan, R.S. (1999). Rehabilitation of tropical degraded natural forest.
Paper presented during FORSPA Training Workshop on
Rehabilitation of Natural Forests of Asia-Pacific. Forest Research
Institute Malaysia (FRIM), Kepong. 2 August - 4 September 1999.

Razani, U. and Jalil, M.D.S. (1992). Status of peat swamp forests in
Selangor. In Palle, H., Chin, T.Y. and Razani, U. (eds.), Proceedings
of the Workshop on Sustainable Management of Peat Swamp Forest.
Pp. 15 - 21.

Rusli, M., Awang Noor, A.G. and Woon, W.C. (1986). Financial appraisal of
enrichment planting project in hill forests: a case study. In Yusuf, H.,
Kamis, A., Nik Muhamad, M. and Shukri, M. (eds.), Proceedings of
Workshop on Impact of Man’s Activities on Tropical Upland Forest
Ecosystems. Faculty of Forestry, Universiti Pertanian Malaysia,
Serdang. Pp. 91-97."

Sasaki, S. and Mori, T. (1981). Growth responses of dipterocarp seedlings to
light. Malaysian Forester 4(2 and 3): 319 - 344.

Shamsudin, I. and Ismail, H. (1991). The impacts of the present landuse o
peat swamp forests in Peninsular Malaysia. Malayan Forester 54/1):
15-23. '

Shamsudin, I. and Aziah M.Y. (1992). Rehabilitation of degraded or logged-
over peat swamp forests in Peninsular Malaysia. In Nik Muhamad,
M.,Ismail Adnan, A.M, Mohd Zaki, H. and Kamaruzaman, J. (eds.),
Proceedings of International Symposium on Rehabilitation of Tropical
Rainforest Ecosystems: Research and Development Priorities.
Kuching, Sarawak. Faculty of Forestry, Universiti Pertanian Malaysia
(UPM), Serdang. Pp 123 - 126.

Shamsudin, I. and Hall, J. B. (1992). A phytosociological survey of peat
swamp forest at Pekan, Pahang, Peninsular Malaysia. In Aminuddin,
B.Y, Tan, S.L., Aziz, B., Samy, J., Salmah, Z., Siti Petimah, H. and
Choo, S.T. (eds.), Proceedings of the International Symposium on
Tropical Peatland.



140

Shamsudin, I. and Ng, T.P. (1995). Population and distribution patterns of
Gonystylus bancanus in primary peat swamp forest at Pekan,
Pahang. In Abdul Rashid, A.M., Abdul Rahim, N., Aminuddin, M.,
Lee, S.S., Andrew, W.H.H. and Khoo, K.C. (eds.), Proceedings of
Third Conference Forestry and Forest Products Research. Fogest
Research Institute Malaysia (FRIM), Vol. 1. Pp. 35 - 44.

Shamsudin, |. (1996a). Forest management systems in peat swamp forest: a
Malaysian perspective. In Maltby, E., Immirzi, C.P. and Safford, R.J.
(eds.), Proceedings of a Workshop on Intergrated Planning and
Management of Tropical Lowland Peatlands. IUCN. Pp 175 - 180.

Shamsudin, I. (1996b). Observation on flowering, fruiting, germination and
predation of Gonystylus bancanus in Peninsular Malaysia. A short
note to the Journal of Tropical Forest Science 8(3): 424 - 426.

Shamsudin, |. (1997). Impacts of logging on peat swamp forest vegetation in
Peninsular Malaysia. Ph.D Thesis, University of Wales, United
Kingdom. 240 pp.

Shamsudin, |., Khali Aziz, H. and Muhammad Farid, A.R. (1997). A report on
baseline information of peat swamp forest in Peninsular Malaysia.
Report submitted to DANCED (Small Grant Facility), Ministry of
Environment and Energy, Denmark.

Shamsudin, I. and Ismail, P. (1999). A planting trial of Gonystylus bancanus
in an open non-peat swamp area in Peninsular Malaysia.
Proceedings of Malaysian Science and Technology Congress
(COSTAM). Kuching, Sarawak. Pp 129 - 136.

Shamsudin, I. and Ng, T.P. (2000). Common trees of peat swamp forests in
Peninsular Malaysia. Forest Research Institute Malaysia. Kual/a
Lumpur (in press).

Soetjipto, S. and Azwar, M. (1996). Peatlands in Indonesia: their extent and
utilisation. In Maltby, E., Immirzi, C.P. and Safford, R.J. (eds.),
Proceedings of a Workshop on Intergrated Planning and
Management of Tropical Lowland Peatlands, IUCN. Pp. 155-162.

Srivastava P.B.L. and Manggil, P. (1981). Vegetative propagation of some
dipterocarps by cuttings. Malaysian Forester 44(2 & 3): 301 — 313.

Suhaili, R. (1996). Initial growth of indigenous timber species by open
planting technique on degraded forest land. BSc. Thesis, Faculty of
'Forestry, Universiti Pertanian Malaysia (UPM), Serdang. 84 pp.



141

Suwido, H.L., Tampung, N.S., Patricia, E.P. and Layuniati, (1999). Concept
for prospective management of peat swamp forest in Central
Kalimantan. Paper presented at Workshop on Sustainable

Management of Peat Swamp Forest in Peninsular Malaysia. 16 - 18
November 1999.

Tawan, C.S and Ipor, I.B. (1992). Gonystylus bancanus: A potential species
for rehabilitation of the peat swamp forest in Sarawak. /nternational
Symposium on Rehabilitation of Tropical Rainforest Ecosystems:
Research and Development Priorities, 2 - 4 September 1992.

Thai, S.K., Krishnapillay, B., Schroeder, C., and Marzalina, M. (1996).
Dipterocarp seed and plant procurement programme for Peninsular
Malaysia. In Appanah, S. and Khoo, K.C. (eds.), Proceeding of Fifth
Round Table Conference on Dipterocarps. Pp. 39 - 46.

Thang, H.C. and Chew, T.K. (1980). Preliminary results of two six-year old
under-planting trials at Tapah Hills Forest Reserve, Perak. Malaysian
Forester 43(2): 193 - 211.

Thang, H.C. and Zulkefli, M. (1992). Forester's perception of indigenous
species for forest plantation in Peninsular Malaysia. In Ahmad S.S.,
Razali, A.K., Mohd Shahwahid, H.O., Aminuddin, M., Faridah
Hanum, |. and Mohd Hamami, S. (eds.), Proceedings of a National
Seminar on Indigenous Species for Forest Plantations. Faculty of
Forestry, Universiti Pertanian Malaysia (UPM). Pp. 8 - 13.

Tie, Y.L. and Esterle, J.S. (1992). Formation of lowland peat domes in
Sarawak, Malaysia. In Aminuddin, B. Y., Tan, S.L., Aziz, B., Samy, J.,
Salmah, Z., Siti Petimah, H. and Choo, S.T. (eds.), Proceedings of the
International Symposium on Tropical Peatland.

Vimala, P. (1979). Fertility and productivity of peat soils in Malaysia — a
review (1950 - 1979). Proceedings of Seminar on Chemistry and
Fertility of Malaysian Soils. Malaysian Society of Soil Science and
Universiti Pertanian Malaysia (UPM). Pp. 123 - 137.

Wan Asma, W.l. and Wan Rasidah, W.A.K. (1998). Tikar sungkupan dari
tandan kosong. Majalah Rasmi Perkhidmatan Awam Malaysia,
Khidmat 32:49-52.

Wan Mohd. Shukri, W.A. (1997). Verification and validation of sampling
intensities in the pre-felling inventory of a tropical forest in Peninsular
Malaysia. MSc. Thesis, University Putra Malaysia (UPM), Serdang
Selangor. 86 pp.



142

Wan Mohd. Shukri W.A., Samsudin, M., Shamsudin, |., Raja Barizan, R.S.,
Azman, H., Ismail, H., Ismail, P., and Tengku Abdullah T.l. (1999). An
emerging threat: haze and forest fires. Proceedings of Malaysian
Science and Technology Congress 1999, (COSTAM) Kuching,
Sarawak. Pp. 121 — 128.

Wan Rasidah, W.A K., Blasek, R. and Rozita, A. (1989). Manual of soil and
foliar analysis. Malaysia-German Forestry Research Project. Forest
Research Institute Malaysia (FRIM). 92 pp.

Wan Rasidah, W.AK., Blasek, R. and Rozita, A. (1990). A laboratory
manual: determination of Nitrogen, cation exchange capacity,
Phophorus and mmonium Nitrogen using autoanalyzer AAIl GTPC.
Forest Research Institute Malaysia (FRIM). 62 pp.

Wan Razali, W.M. and Ang, L.H. (1992). The early growth of two indigenous
commercial tree species planted on degraded sites of logged-over
forest. In Appanah, S., Ng, F.S.P. and Roslan, |. (eds.), Conference on
Forestry and Forest Products Research. Forest Research Institute
Malaysia (FRIM). Kuala Lumpur.\J

Wan Yusoff, W.A. and Abdul Rahman, A.R. (1997). Status of enrichment
planting in Peninsular Malaysia. In Wan Yusoff, W. A., Abdul Rahman,
AR., Yong, T.K., Mohd. Nizam, M.N. and Kadri, S. (eds.),
Proceedings of the Workshop on Selective Management System and
Enrichment Planting: Towards Sustainable Forest Management.
Forestry Department Headquarters. Kuala Lumpur. Pp 87 - 106.

Whitmore, T.C. (1984). Tropical rainforest of the Far East. Clarendon Press,
Oxford (Second Edition). 352 pp.

Whitmore, T.C. (1989). Southeast Asia tropical forests. In Leith, H. and
Werger, M.J.A. (eds.), Tropical Rainforest Ecosystem:
Biogeographical and Ecological Studies. Elsevier, Amsterdam. Pp.
195 - 218.

Woon, W.C. and Mohd. Parid, M. (1999). Economic valuation of protective
and productive functions of the North Selangor Peat Swamp Forest.
Manual on Economic Valuation of Environmental Goods and Services
of Peat Swamp Forest. Forestry Department Peninsular Malaysia,
Kuala Lumpur. Pp. 27 - 48.

Wyatt-Smith, J. (1959). Peat swamp forest in Malaya. Malayan Forester 22,
5-31.

Wyatt-Smith, J. (1963). A manual of Malayan silviculture for inland forests.
Malayan Forest Record No. 23. Forest Research Institute Malaysia
(FRIM). Kuala Lumpur.



143

Yap, C.L. (1964). A mechanised method of log extraction in peat swamp
forest. Malayan Forester 28: 34 - 36.

Zulkifli, Y., Krogh, V. and Baharuddin, K. (1999). Hydrological characteristics
of the North Selangor Peat Swamp Forest. In Chin, T.Y and Palle, H.
(eds.), Sustainable Management of Peat Swamp Forests in Peninsular

Malaysia: Impacts (vol. Il). Forestry Department Peninsular Malaysia,
Kuala Lumpur. Pp. 1 - 38.



158

BIODATA OF THE AUTHOR

Ismail Bin Hj. Parlan was born on November 1, 1971 in Klang, Selangor. His
tertiary education started when he studied for Diploma in Science at
Universiti Teknologi MARA (formerly known as Institut Teknologi MARA) from
1989 to 1991. In the following year, he continued his study at Universiti Putra
Malaysia or UPM (formerly known as Universiti Pertanian Malaysia) and
graduated with a degree of Bachelor Science in Forestry in 1996. He was the
best graduate of UPM and received the Chancellor's Gold Medal. He started
to work as a research officer at Forest Research Institute Malaysia. In the
subsequent year, he continued his studies for a degree of Master Science at

the Faculty of Forestry, UPM.



	REHABILITATION OF DEGRADED PEAT SWAMP FOREST IN RAJA MUSA FOREST RESERVE, SELANGOR, MALAYSIA
	TABLE OF CONTENTS
	DEDICATION
	ABSTRACT
	ABSTRAK
	ACKNOWLEDGEMENTS
	APPROVAL SHEET
	DECLARATION FORM
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF PLATES
	LIST OF ABBREVIATIONS
	CHAPTER
	1 INTRODUCTION
	1.1 Forestry in Peninsular -Malaysia
	1.1.1 Forest Resources
	1.1.2 Forest Types
	1.1.3 Forest Management and Conservation

	1.2 Justifications of the Study
	1.3 Objectives of the Study

	2 LITERATURE REVIEW
	2.1 Peat Swamp Forests in Peninsular Malaysia
	2.1.1 Occurrences and Formation
	2.1.2 Characteristics
	2.1.3 Functions

	2.2 Extent of Peat Swamp Forest in Malaysia
	2.2.1 Peninsular Malaysia
	2.2.2 Sabah and Sarawak

	2.3 Peat Swamp Forests in Southeast Asia
	2.3.1 Thailand
	2.3.2 Indonesia
	2.3.3 Brunei

	2.4 Forest Degradation
	2.4.1 Definition
	2.4.2 Causes of Degradation

	2.5 Factors for Consideration in Forest
	2.5.1 Selection of Species
	2.5.2 Supply of Planting Materials
	2.5.3 Rehabilitation Areas
	2.5.4 Tending
	2.5.5 Financial Support

	2.6 Status of Forests Rehabilitation in Peninsular Malaysia
	2.7 Rehabilitation of Peat Swamp Forests
	2.8 Light Intensity
	2.9 Species Selected
	2.9.1 Anisoptera marginata
	2.9.2 Calophyllum ferrugineum
	2.9.3 Durio carinatus
	2.9.4 Ganua motleyana
	2.9.5 Gonystylus bancanus
	2.9.6 Shorea platycarpa


	3 METHODOLOGY
	3.1 Site Description
	3.1.1 Location
	3.1.2 Climate

	3.2 Production of Planting Materials
	3.2.1 Collection of Wildings
	3.2.2 Seeds
	3.2.3 Vegetative Propagation via Stem Cutting

	3.3 Field Planting
	3.3.1 Experimental Design
	3.3.2 Planting Techniques
	3.3.3 Data Collection
	3.3.4 Project Limitations

	3.4 Light Intensity Study
	3.5 Soil and Foliar Analysis
	3.6 Data Analysis
	3.7 Project Costs

	4 RESULTS
	4.1 Field Planting
	4.1.1 Survival
	4.1.2 Basal Diameter Increment
	4.1.3 Total Height Increment

	4.2 Light Intensity Study
	4.2.1 Survival
	4.2.2 Basal Diameter Increment
	4.2.3 Total Height Increment

	4.3 Soil and Foliar Analysis
	4.3.1 Chemical and Physical Properties of Peat
	4.3.2 Foliar Analysis of Seedlings in theNursery
	4.3.3 Foliar Analysis of Seedlings in theField

	4.4 Cost Assessments
	4.4.1 Total Planting Costs
	4.4.2 Cost of Planting per Seedling


	5 DISCUSSION
	6 CONCLUSIONS

	REFERENCES
	APPENDICES
	BIODATA OF THE AUTHOR





