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Importance of Topography and Soil Physical Properties on the Growth of Shorea 

macropylla under Reforestation at Sampadi Forest Reserve 

 

Nur Hanani Hanis Binti Mohd Nawar  

Program Plant Resource Science and Management   
Department of Plant Science and Environmental Ecology 

Faculty of Resources Sciences and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 
Shorea macrophylla are characterised as one of the Dipterocarp indigenous trees that exhibit a fast growing 

ability. This species is said to be favourable on clay riparian alluvium and locally abundant on damp soil on 

hillside by river and streams habitat. Several studies reported that S. macrophylla is less favourable to ridge 

tops and upper slopes of a hill. Their growth patterns findings are very important, as this species is 

commonly used in reforestation plantation, especially in Sarawak. In this study, the relationship between soil 

physical properties at various topographical conditions were analyzed in the respect of the growth of S. 

macrophylla planted in reforestation area of Sampadi Forest Reserve, Sarawak. Study plots with the size of 

50 m x 50 m were constructed at reforestation areas planted with S. macrophylla at various age stands from 

1996 (SM96), 1997 (SM97) and 1998 (SM98). In each study plots, a topographical map was constructed by 

using the conventional method. By referring to the constructed maps, soil samples were collected at 0 - 10 cm 

and 30 - 40 cm depths from several random points within each contour zone for soil physical analysis. Soil 

physical analysis involved in this study includes soil texture analysis, bulk density, porosity, water content, 

moisture content and compaction. The findings showed that in relation between soil physical properties and 

topographical characteristics, S. macrophylla shows strong adaptability across all range of elevation and 

other soil physical properties. However, the presence of stagnant water and interruption of pioneer species in 

between the planting lines greatly resulted in poor growth performance and survivability of S. macrophylla. 

Keywords: Shorea macrophylla, reforestation, topography, soil physical properties, Sarawak 
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Kepentingan Topografi dan Ciri- Ciri Fizikal Tanah kepada Pertumbuhan Shorea 

macrophylla di kawasan Perhutanan Semula, Hutan Simpan Sampadi 

 

Nur Hanani Hanis Binti Mohd Nawar 

Program Sains dan Pengurusan Sumber Tumbuhan   
Jabatan Sains Tumbuhan dan Persekitaran Ekologi 

Fakulti Sains dan Teknologi Sumber 

Universiti Malaysia Sarawak 

 
 

ABSTRAK 
Shorea macrophylla dikenalpasti sebagai salah satu pokok Dipterokarpa tempatan yang mempamerkan 

keupayaan pertumbuhan yang berkembang dengan pesat. Habitat spesies ini terletak di kawasan tanah 

riparian liat alluvium dan biasanya di temui pada asalnya di tanah lembap yang terletak di lereng bukit dan 

habitat sungai yang berarus. Beberapa kajian melaporkan bahawa S. macrophylla adalah kurang sesuai 

tinggal di kawasan puncak rabung dan cerun atas bukit. Penemuan corak pertumbuhan ini adalah sangat 

penting kerana spesies ini biasanya digunakan digunakan bagi tujuan penanaman semula hutan tertamanya 

di Sarawak. Dalam kajian ini, hubungan antara ciri- ciri fizikal tanah pada pelbagai keadaaan topografi 

kawasan Hutan Simpan Sampadi, Sarawak kepada pertumbuhan S. macrophylla dianalisis .Plot kajian 

dengan saiz keluasan 50 m x 50 m telah dihasilkan di kawasan penanaman semula hutan yang ditanam 

dengan S. macrophylla  pada dirian pelbagai peringkat umur dari tahun 1996 (SM96), 1997 (SM97) dan 

1998 (SM98). Dalam setiap plot kajian, peta topografi telah dibina dengan menggunakan kaedah 

konvensional. Dengan merujuk kepada peta dibina, sampel tanah telah diambil secara rawak dalam setiap 

zon kontur untuk analisis fizikal tanah pada kedalaman tanah 0 - 10 cm dan 30 - 40 cm. Analisis fizikal tanah 

yang terlibat dalam kajian ini merangkumi analisis tekstur tanah, ketumpatan pukal tanah, keliangan tanah, 

kandungan air tanah, kandungan kelembapan tanah dan pemadatan tanah. Hasil kajian menunjukkan 

bahawa hubungan antara sifat fizikal tanah dan ciri-ciri topografi, S. macrophylla menunjukkan 

penyesuaian yang kukuh di seluruh semua julat ketinggian dan harta tanah fizikal yang lain. Walau 

bagaimanapun, kehadiran air bertakung dan gangguan spesies perintis di antara garisan tanaman banyak 

menghasilkan prestasi pertumbuhan yang lemah dan kemandirian S. macrophylla. 

 

Kata kunci: Shorea macrophylla, penanaman semula, topografi, ciri- ciri fizikal tanah, Sarawak 
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1.0 INTRODUCTION 

 

Sarawak tropical rainforest consists for about 12.3 million hectares (Forest 

Department Sarawak, 2009).  Estimated 2.2 million hectares of land have been deforested 

for shifting cultivation in 1960‟s and the number rose to 3.3 million hectares in year 1985 

(Jomo et al., 2004).Therefore, reforestation can be seen as a feasible way for artificial 

regeneration, in which it help reverse some of more severe impacts of forest loss and 

degradation by improved hydrological regulation and nutrient cycling. From the ecological 

view point, reforestation are capable of restabilising more suitable living condition of flora 

and fauna, which means it support more biological diversity and increase the resilience and 

adaptability of existing agricultural systems (Maginnis & Jackson, 2002). 

Shorea macrophylla could be seen as highly potential trees for reforestation 

purpose. Muhammad Azani et al., (2011) studied that, Shorea macrophylla is a fast 

growing species among dipterocarps and form wide spreading crowns even though it is 

planted under shades of higher trees. To-date in 2000, over 11, 783 hectares of land under 

reforestation programme in Sarawak has been reforested with Shorea macrophylla 

(Sarawak Forestry Department, 2009).   

 Shorea macrophylla is commonly found in lowland tropical rainforest and seldom 

occurs in 600m altitude (Ashton, 1964). According to Rasip & Lokmal (1994), this species 

is confined on clay riparian alluvium and locally abundant on damp soil on hillside by river 

and streams where is scattered and rare. Shorea macrophylla also said to be less favourable 

to ridge tops and upperslopes. The growth performance of Shorea macrophylla might 

associates in certain topography and soil texture.  
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Based on a previous study by Yamada et al. (1997), changes in elevation would 

consequently influence the soil texture and water content of the soil. Yamakura et al. 

(1996) showed correlate changes in forest architecture and topography in Bornean tropical 

rainforest at Lambir, Sarawak. From the findings, it concludes that topography and soil 

physical properties play a significant role in the coexistence of three different Scaphium 

species. Sabrina et al. (2005) also found that, survivability of trees in Lambir, Sarawak 

were greatly influenced by soil texture. Growth and mortality of all tree species 

corresponds to soil resource availability. The most clayish soil had the highest mortality 

rates follows by fine loams and sandy loams. In different elevation, the habitat 

distributions of five species in the genus Shorea spp. were different in specific soil texture. 

Therefore, there is evidence that variation of topography and soil physical properties affect 

the forest composition.  

The relationship between topography and tree distribution in terms of spatial 

patterns of individuals under natural environment also have been studied by many scientist 

(Itoh, 1995; Rogstad, 1990; Sakai & Ohsawa, 1994; Hubbell & Foster, 1986). However, 

only few have reported on importance of topography and soil physical properties in growth 

performance of tree planted in the artificial regeneration areas like reforestation area.  

Considering the lack of studies, the objective of this study is firstly to establish a 

topographical map of each quadrate plots. Second, is to determine the physical properties 

of different elevation in each quadrate plot. Lastly, to analyze the relationship of 

topography and soil physical properties in growth performance of Shorea macrophylla 

under reforestation environment to which plant survivability is predictable from their soil 

condition and topographic variation.   
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2.0 LITERATURE REVIEW 

 

2.1 Reforestation Practice in Malaysia 

Reforestation is the act of planting trees on bare or open land which is to be 

covered with forest growth. It is estimated that, total of forest land located in Peninsular 

Malaysia are 5.9 million hectares, whereas, 4.2 and 9.8 million hectares are in Sabah and 

Sarawak respectively (Jomo et al., 2004).  

These vast numbers of areas covered with tropical rainforest in Malaysia signifies 

that Malaysia as one of the most complex ecosystems in world, whereby it represents of 

more than 8000 species of flowering plants and 2500 of tree species. However, 

approximately 2.2 million hectares of land in Sarawak have been deforested for shifting 

cultivation in 1960s and the number rose to 3.3 million hectares in year 1985 (Jomo et al., 

2004). Many of valuable dipterocarp have been over logged and become rare. Towards 

sustainable development, reforestation greatly contributes to the reversal of severe impacts 

of forest lost and degradation. Reforestation effort also enables a vast amount of carbon 

dioxide to be sequestered. Through reforestation the biodiversity of the forest could be re-

established. In a global scale, the importance can be seen a key role in climate change 

mitigation (Canadell & Raupach, 2008).    

Record of planting forest species dated back to 1880 in Peninsular Malaysia, as the 

desired loss species had occurred (Hill, 1990). Taban forest had undergone the rapid 

destruction, due to rampant felling of highly valuable of trees, namely Nyatuh taban 

(Palaquium gutta). Since then, fast growing species like Hevea brasiliensis, Ficus elastic, 

Shorea macrophylla, slow growing species like Neobalanocarpus heimii, Eusideroxylon 
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zwageri and many more species had been introduced for forest plantation effort from 1992 

and 1996 on over Peninsular Malaysia (Apannah & Weinland, 1993).  Summary of history 

of reforestation implantation and plantation programme established in Peninsular Malaysia 

is as shown in Appendix 1.  

In Sabah, approximately 200 000 hectares of land were degraded in 1976, therefore 

reforestation implementation was established by Sabah Forestry Development Authority 

(SAFODA). Later on 1980s, SAFODA and SFI (Sabah Forest Industry) cooperates to 

reforest 130 000 hectares of lands with Acacia mangium. Subsequently in 1987 many 

private companies joined towards developing plantation. The major species planted are the 

exotics Acacia mangium, Paraserianthes falcataria, Gmelina arborea, Eucalyptus 

deglupta and Calamus manan (Forest and Agriculture Organization in United State [FAO], 

2002). Summary of forest plantation in Sabah by various organizations is as shown in 

Appendix 2.  

In Sarawak, there are about 3.33 million hectares of lands that have been degraded 

due to shifting cultivation. Sarawak Forest Department started their Reforestation 

Programme in 1979.  To fulfil a “Reforestation Research Programme” in 1965, Sarawak 

Forest Department have the initiated the use of fast growing exotic tree species especially, 

conifers. However, it turned out to be failure and the growths of exotic tree species were 

not suitable for Sarawak conditions (Fahlman, 1975). Therefore, the tree species were 

substitute with another fast growing tropical hardwood like Acacia mangium, Gmelina 

arborea and Paraserianthes falcataria. Besides, longer rotation hardwood like, Swietenia 

macrophylla, Durio zibenthinus and Shorea macrophylla were also tested. To-date in year 

2000, it was recorded that the total area that already reforested was 25,345 hectares. 

Summary of areas of plantation over 12 localities throughout Sarawak are as shown in 

Appendix 3 (Forest Department Sarawak, 2009). Apart from that, there are also three 
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major reforestations planting project under Japan-Malaysia Friendship Project, namely 

Yokohama-Sarawak Friendship Forest Project at Kubah National Park, Hiroshima-

Sarawak Friendship Forest Project at Balai Ringin Protected Forest and Oita-Sarawak 

Friendship Forest Project at Sampadi Forest Reserve. Under this project, about 23,000 

indigenous trees of various species have been planted within these areas. 

According to Reay and Norton (1999), the success of reforestation can be viewed 

as a continuum from the successful establishment of the initial planting through to 

maturation and realisation of full environment and how much does the forest benefit in 

terms of socio-economics.  To evaluate the success of reforestation, there are number of 

indicators need to be considered.  The most common indicators used for measuring 

establishment success are the survival rate of planted trees and area planted compared to 

target area (Nawir et al., 2007). It takes the greatest challenged among developing 

countries to ensure a long-term success in reforestation. Holistic and integrated approaches 

are needed, in order to establish the success of reforestation (Le et al., 2011).  
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2.2 Plant-Soil Relationship with Tropical Rainforest Environment 

Tropical rainforest consist of complex ecosystems and richness in species. 

Malaysia rainforest are divided into several classification which comprise of Lowland 

Dipterocarp Forest, Hill Dipterocarp Forest, Oak Laurel Forest, Montane Ericaceous, Peat 

Swamp, Mangrove Swamp Forest, Heath Forest, Forest Limestone and Forest Quartz 

Ridges. (World Wildlife Fund [WWF], 2011). Tropical rainforest in Malaysia is dominated 

by Dipterocarpaceae trees, covered on estimated about 17.1 million hectares of land 

covered. Lowland Dipterocarp Forest, Hill Dipterocarp Forest, Upper Dipterocarp Forest 

and Mixed Dipterocarp Forest encompass the major types of Dipterocarp forest available 

in Malaysia (WWF, 2011). 

Lowland Dipterocarp Forests extend from 300m above sea level. According to 

Symington (1943), vegetation covered on Lowland Dipterocarp Forest is majorly from 

Dipterocarpus spp., Shorea spp. and Droyobalanps aromatica. Brown podzol soil and 

peaty gley soil exist in lower montane zone together with intermediate zone and generally, 

the soils are acidic (Whitmore, 1984). 

As the elevation increased to 750 m, the forest would be classified into Hill 

Dipterocarp Forest which are also consist of tree species of present in Lowland 

Dipterocarp Forest, with the addition of Shorea curtisii species above 350 m elevation. 

Shorea curtisii is an example of tree species that are limits on premature peak and its 

cluster distribution is related to its special habitat characteristics. Mixed dipterocarp forest 

lies in between of lowland and hill dipterocarp forest. They are dominated by valuable 

timber species like Eusideroxylon zwageri, Dryobalanops lanceolata, Dipterocarpus spp. 

and Anisoptera spp. (Forest Department Sarawak, 2009)  



9 
 

The Upper Montane Rainforest, which extends from 1500 m, there is wide 

vegetation of moss that covered the trees as well as the surface of the soils, and it is often 

called as „cloud forest‟. These conditions may be due to humid atmosphere occurred as the 

elevation of the forest increase, the cloud cover become greater thus promotes the humid 

condition of the forest (Whitmore, 1984).  

A pattern of change in altitude is typically influenced by its parent material and its 

the local topography (Reynders, 1964). According to Robert (2000), a combination of 

climatic, topographic and edaphic factors may also have an impact to the ecotone of the 

forest. Carbon to nitrogen ratio increases as latitude increases. Low rate of weathering 

commonly occurred in shallow soil compared to lowland soils that have the capabilities to 

hold much more cation. Weathering process in lowland soil is different to montane forest 

due to shallow soil (Whitmore, 1984).  

With increasing elevation, the vegetation of tropical mountains exhibits clear 

changes in structure and physiognomy. Montane vegetation exhibits a more or less uniform 

reduction in tree species richness with altitude (Morley 1982; Flenley, 1979). The 

reduction in a number of species occurs within in higher elevation are due to decrease in 

temperature as elevation increases (Harrison et al., 1989).  Upper montane forest is sharply 

demarcated by a microphyll-dominated canopy of smaller, more slender trees with gnarled 

limbs and dense sub crowns (Whitmore, 1984). Lower Montane forest on the other hand is 

slightly lower stature than Lowland Evergreen Rainforest, which is lacking in emergent 

trees and is generally without big woody climbers, buttresses and cauliflory, although bole 

climbers and epiphytes are also abundant. Besides, emergent trees are large and tall in the 

lowlands did not exist in the Lower Montane Forest and a further reduction in the height of 

trees occurred until up to the Upper Montane Forest and Subalpine Forests (Robbins, 
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1998). Generally there are further decreases in stature and leaf size as it goes in higher 

altitude (Whitmore, 1984). 

 

2.3 Shorea macrophylla as a Selected Tree for Reforestation Programme 

It is reported by Forest Department Sarawak (2000), through Friendship Forest 

Project organized by Japan companies planted 23,000 trees of indigenous species and 

Shorea macrophylla is one of the trees used for this purpose. This fast growing dipterocarp 

had become the major species of trees for the reforestation purposes. To-date in 2000, over 

11, 783 hectares of land under reforestation programme in Sarawak has been reforested 

with Shorea macrophylla and other Shorea species (Table 1). 

Table 1: Species planted for reforestation programme in Sarawak in 2000 

Species planted          Area (ha) 

Conifer species 58 
Acacia mangium including Acacia auriculiformis and Acacia 

mangium x Acacia auriculiformis hybrid 
3,715 

Shorea macrophylla & other Shorea species 11,783 
Durio zibethinus 1,116 
Azadirachta excelsa 617 
Dryobalanops species 1,970 
Calamus species (Rattans) 2,222 
Other indigenous & non indigenous species 1,615 

Total 23,096 

Source:  Forest Department Sarawak, 2009. 

Shorea macrophyllla (de Vriese) Ashton derived from family of Dipterocarpaceae.  

In Sarawak it is locally known as illipe nut (Chai, 1998). Shorea macrophylla is indigenous 

to Borneo and especially widespread in west and central Sarawak, Kapuas valley, Tisung 

and Burau (Ashton, 1964). According to International Union for Conservation of Nature 

[IUCN] red list (2011), Shorea macrophylla is classified as vulnerable species, in which it 
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is exposed to the probability of being harm. Besides that, Wildlife Protection Ordinance, 

1998 listed this species as a protected plant in Sarawak as it also produces sawn timber 

known as Meranti or Seraya (Anderson, 1980). 

Muhammad Azani et al., (2011) suggested that, Shorea macrophylla is a fast 

growing species among dipterocarps and form wide spreading crowns even though the 

species is planted under shades of higher trees. In addition, the timber structure which is 

soft to medium reflects to the species fast growing abilities. Shorea macrophylla is also 

classified in climax species, due to the species unpredictable flowering and fruiting in 

annual intervals, production of big seeds without dormancy, rapid initial growth, tall 

stature and high longevity (Lee et al., 1997). Shorea macrophylla also occupies sunny 

canopy gaps in their regeneration niches (Grubb, 1977) and their photosynthetic rates of 

mature leaves are generally large (Kuwahara, 1994; Kayoma, 1981). These properties in its 

regeneration niches are generally a character of the pioneer species in natural environment. 

According to Delacruz (1993), fast growing plantation would change the microclimate and 

soil physical and chemical properties, to moderate fluctuation in understory temperature 

and humidity as well as to provide more favourable light condition for seedling 

development.  Therefore, Shorea macrophylla could be seen as highly potential trees for 

reforestation purpose. 

Locally, Shorea macrophylla is found in lowland tropical rainforest and seldom 

occurs in 600 m altitude (Ashton, 1964). This species is commonly found in riparian forest 

and also established well in canopy gaps (FAO, 2005). In Sarawak, near high river banks 

where rapid flow of water from upstream gets slower, these condition creates a new 

condition for new habitat of Shorea macrophylla (Whitmore, 1984). According to Rasip 

and Lokmal (1994), this species is confined on clay riparian alluvium and locally abundant 

on damp soil on hillside by river and streams where is scattered and rare. For seedling 
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planting implementation in reforestation areas, the soil requirement for Shorea 

macrophylla is similar to rubber trees (Maas et al., 1974). Shorea macrophylla is well 

adapted in imperfectly drained, sandy loam to clay soils at least 50 cm deep on slopes less 

than 30
o
. Shorea macrophylla also can tolerate in regular, short flooding sites. Besides, this 

species is also confined in organic type of soils provided that the organic horizon is less 

than 100 cm thick, the water table lies at a depth greater than 60 cm and the subsoil is fine 

loam to clay. Shorea macrophylla also said to be less favourable to ridge tops and upper 

slopes. Shorea macrophylla is rarely gregarious and often scattered at low density. 
 

 

2.4 Significance of Soil Texture and Topography in Growth Performance of Trees 

Soil texture is important in determination of physical and chemical properties of 

soils. It affects infiltration and retention of water, soil aeration, absorption nutrients, 

microbial activities, tillage and irrigation practice (Gupta, 2004; Foth, 1990). Besides that, 

soil characteristics have an important impact on the soil moisture status and aeration, 

workability, root penetration and anchorages, as well as on other qualities like cation 

retention. The rate of stickiness or ability to mould would remark the content of silt and 

clay of the soil (White, 1997). Clay soils have the greater water holding capacity than 

sandy soils, as sandy soils would permits nutrients to leach out rapidly. Soil texture also 

has an impact in organic matter content of the soil, in which it helps to improve soil 

aggregation which allows rapid water movement onto the soil.  

Increasing number of studies demonstrate that species distribution are also strongly 

aggregated with respects to variation in topography, soil water content and soil nutrient 

(Clark et al., 1995).  The growth performance is associated to its topography. Changes in 

elevation consequently would influence the soil texture and water content of the soil. It has 
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been suggested that the lower part is clayish and wet soils, and the higher part cover with 

sand and dry soils. These soil conditions consequently determine the adaptability of the 

trees where Scaphium borneense and Scaphium macropodum are abundant in sites of 

higher altitude. Whereas Scaphium longipetiolatum is abundant in lower than altitude 

(Yamada et al., 1997) 

Studies by Itoh et al. (2003), suggest that the topography of two sympatric 

dipterocarp trees of Dryoblanops aromatica and Dryobalanops lanceolata are distinct to 

one another. D. aromatica is significantly abundant at higher elevation, convex and steep 

slopes and sandy soil. In contrast, D. lanceolata is clearly abundant in lower elevation and 

less sandy soil.  

 Spatial aggregations of new canopy gaps are closely linked to topography. 

Uprooted trees are abundant on steeper and more concave slopes. Dead trees are abundant 

on higher altitude and convex slopes. Trees have shallow roots are unstable on clay soil. 

Deeply rooted trees are stable on sandy soil. Unstable shallow soil with clay textured 

developed in low altitude on concave slopes. Uprooted trees are abundant at higher 

altitude.  A variety of species specific modes of gap markers between two types of treefall 

suggest a degree of predictability in types of treefall at different topographic position. 

Shorea curtisii for example was observed with broken trees on the upper slope (convex 

slopes) (Clark, 1995).  

According to Jenny (1941), topography plays an important role in runoff and 

erosion. These processes essentially promote soil removal and destruction.  Low lying flat 

areas will receive material removed from adjacent higher-lying elevation. Strongly sloping 

terrain therefore generally occupied by immature soils. Gently sloping areas have less 

removal of soil will result in more maturation in the soil profile. Flat areas will either show 
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constant rejuvenation by fresh deposits and soils will be immature or if no deposition takes 

place. The maturation process is allowed to proceed and the whole range from weakly 

developed to strongly develop soil may be present. Apart from the influencing erosion and 

deposition, topography has an effect on the height of the water table which has strong 

impact on the mode of soil formation. After a gradual lowering of the groundwater table, 

these were subsequently lodged in more porous slightly coarser textured.  

Accordingly, vegetation tends to show marked responses to geology, whether in 

temperate or topical regions. Small-scale topography, such as gentle ups and downs in 

rolling plain, influence vegetation primarily by affecting availability of water, where the 

water table lies close to the surface, the soil become waterlogged. Oxygen diffuses very 

slowly through waterlogged soil and roots become stunted or die from anoxia. A sudden 

rise in the water table level, such as behind a beaver dam, often kills trees for this reason. 

Where soils are porous and the water table lies deep, severe moisture stress can develop 

during dry periods. Where the sand is shallow and overlies clays capable of retaining 

moisture through the dry season. Under sandy knolls or ridge tops, the vegetation is spare, 

open, and short (John, 1992). 

 

 

 

 

 

 

 


