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ABSTRACT 

Rehabilitating riparian buffer is a key to restoring natural stream functions 
and aquatic habitats. However, studies in this area are still lacking, especially 
in forest recovery and rehabilitation. Therefore, a study was carried out to 
evaluate the growth performance of two indigenous species namely Shorea 
leprosula and Hopea odorata. The line planting technique was employed with 
a planting distance of 2 m × 2 m. The survival rate percentage and growth 
performance (diameter and height) were analyzed. The results showed that 
S. leprosula and H. odorata recorded a high survival rate of 100% (S. 
leprosula) and 95% (H. odorata). For diameter increment, S. leprosula 
recorded bigger absolute growth rate of diameter increment at 0.9 mm than 
H. odorata (0.7mm). In term of height increment, S. leprosula attained higher 
absolute growth rate of height increment with 6.0 cm than H. odorata (4.0 
cm). Based on the Independent-sample t-test conducted, the results for both 
species were not significantly different. This study indicated that both S. 
leprosula and H. odorata can be planted in lowland areas which are close to 
riparian zone for rehabilitation purpose based on their survival rate. 
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ABSTRAK 
 

Pemuliharaan kawasan riparian adalah untuk memulihkan fungsi aliran 
semulajadi dan habitat akuatik. Walau bagaimanapun, kajian mengenai 
kawasan ini masih kurang, terutamanya dalam membaik pulih hutan dan 
pemuliharaan. Oleh itu, kajian telah dijalankan untuk menilai prestasi 
pertumbuhan dua spesies asli iaitu Shorea leprosula dan Hopea odorata. 
Teknik garis penanaman digunakan adalah dengan jarak tanam 2 m × 2 m. 
Peratusan kadar kemandirian hidup dan prestasi pertumbuhan (ukur lilit dan 
tinggi) dianalisis. Keputusan menunjukkan bahawa S. leprosula dan H. 

odorata mempunyai kadar kemandirian hidup yang tinggi iaitu 100% (S. 

leprosula) dan 95% (H. odorata). Untuk peningkatan diameter, S. leprosula 
mencatatkan kenaikan kadar pertumbuhan diameter mutlak yang lebih tinggi 
pada 0.9 mm daripada H. odorata (0.7 mm). Sementara itu, dari segi 
peningkatan ketinggian, S. leprosula mencapai peningkatan kadar 
pertumbuhan tinggi mutlak yang lebih tinggi pada 6.0 cm daripada H. odorata 
(4.0 cm). Berdasarkan Teknik Uji-T Sampel Bebas yang dijalankan, 
keputusan bagi kedua-dua spesies adalah tidak signifikan. Kajian ini 
menunjukkan bahawa S. leprosula dan H. odorata boleh ditanam di 
kawasan-kawasan tanah rendah yang berdekatan dengan zon riparian untuk 
tujuan pemulihan berdasarkan kepada kadar kemandarian hidup mereka. 
 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



iv 
 

ACKNOWLEDGEMENTS 

 

First of all, I am very grateful to Almighty Allah S.W.T for His Gracious and 

His Merciful. Alhamdulillah, He gave me strength finished my Final Year 

Project thesis completely. I would like to express my deepest thanks to the 

persons who involve helped me in completing my project. 

 

I would like to express my sincere and gratitude to my supervisor, Assoc. 

Prof. Dr. Mohd Zaki Bin Hamzah, for his guidance on my studies and 

assistance regarding in many aspects to complete this thesis. 

 

I am also very thankful to my examiners, Assoc. Prof. Dr. Hazandy bin Abdul 

Hamid and Assoc. Prof. Dr. Mohd Nazre bin Saleh @ Japri for their comment 

to improve my thesis.  Special thanks to my beloved parents (Hasanuddin bin 

Ahmad and Mikasmah binti Musa), my beloved siblings (Muhammad 

Hazwan, Muhammad Faris, Muhammad Hazim and Muhammad Izzat) and 

my beloved best friend (Nor Aznida) for their moral support, bits of advice 

and word of spirits. I am very grateful to Mr. Mohd Kamil Ismail, Mr. Mohd 

Shahrul Nizam Ahmad Sanusi and Mrs. Siti Zurina Zakaria for their help 

during my data collection and data analysis. 

 

Lastly, gratitude is also extended to my friends Nur Hidayah, Farah Wahida, 

Maizatun Nadiah, Alyani Izzareena and Nursuhaili for their help and support 

during my study. Thank you. 

 

 

© C
OPYRIG

HT U
PM



v 
 

APPROVAL SHEET 

 

I certify that this research project entitled “Growth performance of Shorea 

leprosula and Hopea odorata in degraded lowland areas, eight years after 

planting at Ayer Hitam Forest Reserve” by Husna Izzati binti Hasanuddin has 

been examined and approved as a partial fulfillment of the requirements for 

the Degree of Bachelor of Forestry Science in the Faculty of Forestry, 

Universiti Putra Malaysia. 

 
 

 

 
 
 
____________________________________________ 
Assoc. Prof. Dr. Mohd Zaki Bin Hamzah  
Faculty of Forestry 
Universiti Putra Malaysia 
(Supervisor) 
 

 

 

 

____________________________________________ 
Prof. Dr. Mohamed Zakaria bin Hussin 
Dean 
Faculty of Forestry  
Universiti Putra Malaysia 
 
 
 

Date: January 2018 
 
 

© C
OPYRIG

HT U
PM



vi 
 

TABLE OF CONTENTS 
 

                Page 
 
ABSTRACT          ii 
ABSTRAK          iii 
ACKNOWLEDGEMENTS        iv 
APPROVAL SHEET        v 
LIST OF TABLES         viii 
LIST OF FIGURES         ix 
 
CHAPTER 
 
1 INTRODUCTION        1 
 1.1 Background of Study      1 
 1.2  Background of Ayer Hitam Forest Reserve   2 
 1.3 Problem Statement       3 
 1.4 Objective        4 
 
2  LITERATURE REVIEW       5 
 2.1 Tree Growth Performance      5 
 2.2  Land Degradation       6 
 2.3 Rehabilitation and Reforestation of Forest   7 
 2.4  Lowland and Riparian Area Zones Restoration   9 
 2.5  Benefits of Using Indigenous Tree Species in                        
  Restoration of Forest          12          
 2.6  Overview of Selected Indigenous Species     14 
  2.6.1 Shorea leprosula Miq. (Meranti Tembaga)  14 
  2.6.2 Hopea Odorata Roxb. (Merawan Siput Jantan)  15 
 
3 METHODOLOGY                               18 

3.1 Site Description                             18 
 3.2  Design of Study Plot      21 
 3.3  Sampling Method       23 
 3.4 Data Collection         23 
  3.4.1 Growth                   23
  3.4.2 Environmental Factors        23 
 3.5 Data Analysis       24 
 
4 RESULTS AND DISCUSSIONS        25  
 4.1 Survival Rate        25 
 4.2 Growth Performance         26                
  4.2.1 Diameter                             26 
  4.2.2  Diameter Increment      27 
  4.2.3  Height                             30 
  4.2.4 Height Increment      31 

4.3 Environment Factors        33        
4.3.1 Rainfall                             33 
4.3.2  Temperature and Relative Humidity   33 

      

© C
OPYRIG

HT U
PM



vii 
 

5 CONCLUSION AND RECOMMENDATIONS    34 
 5.1 Conclusion        34 
 5.2 Recommendations       35 
 
REFERENCES         36       
APPENDICES           40 
 Appendix 1: Site Condition      40 
 Appendix 2: The Independent-sample T-test Results   40 
  
    

     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© C
OPYRIG

HT U
PM



viii 
 

LIST OF TABLES 
 

Table                  Page 

4.1:   T-test result for the mean diameter increment of two  
species        29 

 
4.2:   T-test result for the mean height increment of two  

species        32 
 
4.3:  Mean of rainfall in Ayer Hitam Forest Reserve,  

Selangor        33 
 
4.4:   Mean temperature and relative humidity in April, July  
         and October        33

   
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



ix 
 

LIST OF FIGURES 
 

Figure                 Page 

2.1:   Global map of forest landscape restoration opportunities 8 
 

2.2:   Riparian area zones       10 

3.1:  Map of Malaysia       20 

3.2:  Map of Selangor       20 

3.3:  Map of Ayer Hitam Forest Reserve, Puchong   20 

3.4:  The 0.5 ha of study area      21 

3.5:  Design of study plot in Ayer Hitam Forest Reserve   22 

4.1:  Survival percentage of Hopea odorata and Shorea  
  leprosula        25 
 
4.2:  Cumulative diameter (April 2017- October 2017)  26 

4.3:  Diameter increment relationship graph    27 

4.4:  Amount of mean rainfall by month distributed in Sultan  
Idris Forest Education Centre, Ayer Hitam Forest  
Reserve (SISFEC) during data collection.   28 

 
4.5:   Cumulative height (April 2017- October 2017)   30 

4.6:  Height increment relationship graph    31 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



1 
 

CHAPTER ONE 

INTRODUCTION 
 

1.1 Background of Study 
 

The greatest single cause of deforestation is the clearance of land for 

agriculture, which is proceeding most rapidly in countries with the highest 

biodiversity (Balmford & Long, 1994). Enrichment planting is one of the 

effective methods for rehabilitating or reforesting degraded tropical forest, 

especially with the use of indigenous tree species that provide benefits such 

as timber, food and medical products in Southeast Asia.  

 

In the forest of Malaysia, there are some hilly areas have been protected as 

water catchment areas. However, the natural forest of the riparian zones in 

tropical rainforest, especially in Malaysia is having a significant environmental 

damage caused by the oil palm plantation sector. Malaysia is known as the 

second largest oil-palm producer in the world which is along the economic 

prosperity this palm oil sector brings to the country. One of the most 

prevalent among them is the destruction of riparian zones, where the planting 

of the oil palm trees often stray all the way up to the river bank (Zainudin et 

al., 2013). In Malaysia, a desk study has revealed a range of width riparian 

areas from as little as 15 m to as wide as 100 m or more depending on the 

intended function (NAHRIM, 2010). Both manuals maintain that riparian 

corridors should be managed by retention of existing plants or replanting if 

disturbed with appropriate native species. Replanting of the trees is most 

important to the degradation riparian areas.  
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Rehabilitating riparian buffers is keys to restoring natural stream functions 

and aquatic habitats. When riparian corridors are properly managed, they 

make substantial and positive contributions to clean water, as well as to 

ecosystems and human health (Mah & Bustami, 2012). After too much 

logging areas, most of the timber harvesting activity is occurs in the hill and 

lowland forest and the riparian zones in production forest in Malaysia are 

legally protected. 

 

1.2 Background of Ayer Hitam Forest Reserve 
 

Ayer Hitam Forest Reserve is the important support facility for education, 

research and extension. It is benefits for UPM students especially students 

that studies in forestry, environment, zoology and botany. AHFR is originally 

about 3500 hectares in the area of Puchong, Selangor which connected 

nearer to Kuala Lumpur city. However, the AHFR was selectively logged 

several times (1936-1965). Many areas in AHFR have been disturbed also 

include the stream areas. Currently, the total forest area is 1176.1 ha which 

includes compartments 1, 2, 12, 13, 14 and 15. There are three major rivers 

in AHFR which are Sg. Rasau, Sg. Bohol and Sg. Biring. The areas along the 

river are called riparian areas which have once affected by the logging 

activities. The larger mammals also disappeared and reduced in number 

after the reducing size of AFHR.  AHFR is a logged-area forest which is in 

the recovery process. Rehabilitation of AHFR needs proper management 

practices to upgrade the environment of the forest continuously. 
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AHFR are shrinking and smaller. Even though many species have extinct 

and endangered in AHFR, there are still much beautiful flora and fauna left in 

AHFR. A total of 430 species of fruit trees, 127 timber species and 98 

species of medical plants are reported from AHFR (Faridah-Hanum et al., 

2001). A total of 232 species of vertebrates including mammals, birds, 

reptiles, amphibians, and fishes also can be found in AHFR. Furthermore, 

AHFR represents the only lowland tract left within the metropolitan area of 

Kuala Lumpur (Faridah-Hanum & Khamis, 2004). 

 

1.3 Problem Statement  
 

Riparian zones are the land adjacent to streams and rivers. It has been 

degraded throughout much of the world (Richardson, 2007). The importance 

of riparian zones are in preventing erosion, protecting water quality, providing 

habitat and wildlife corridors, and maintaining the health of in-stream biota 

(Goodwin et al., 1997; Richardson, 2007). Studies on riparian vegetation in 

other tropical forest areas are quite common such as in India (Sunil et al., 

2010), South America (Bueno et al., 2012) or Africa (Sambare et al., 2011) 

but very few in South East Asia, particularly in Malaysia. Therefore, this study 

n the lowland area which is close to the riparian area was carried out to 

investigate the successful and the improvement of the rehabilitation on the 

lowland-riparian area. This study was carried out to determine growth 

performance of S. leprosula and H. odorata in degraded lowland areas at 

Ayer Hitam Forest Reserve, which are S. leprosula and H. odorata. This 

study also aims to correlate the environmental factors with the potential of the 

species growth on lowland site. 
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1.4 Objective 
 

The aim of this study was to evaluate the growth performance of indigenous 

species (Hopea odorata and Shorea leprosula) in degraded lowland areas, 

eight years after planting. 
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