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Growth Performance and Survival Rate of Planted Dipterocarp on Different Planting 

Techniques; Mono and Mixed Species at Gunung Apeng Forest Reserve 

 

Siti Asmah Binti Hameed Sultan 
 

Programme of Plant Resource Science and Management 

Department of Plant Science and Environmental Ecology 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

 

ABSTRACT 
 

A study was conducted in order to assess the growth performance and survival rate of planted dipterocarp 

species under different planting technique; mono and mixed planting technique at Gunung Apeng Forest 

Reserve, Serian, Sarawak. The objectives of this study were to evaluate the growth performance and survival 

rate and to identify the better tree planting technique of planted dipterocarp in different planting technique 

for purposes of reforestation in tropical region. The study was established on reforestation site, mono species 

plot (MN2011 and MN2014) planted with Dryobalanops beccarii and mixed species plot (MX2011 and 

MX2012) planted Dryobalanops beccarii and other dipterocarp species. The growth performance at different 

planting techniques was evaluated by obtained the measurement of diameter, height, light intensity within 

trees and survival rate. The finding indicated that the mean annual increment in diameter (MAID) in 

MX2012 was the highest compared to MN2011, MX2011 and MX2014. Meanwhile, for mean annual 

increment in height (MAIH) in MN2014 was the highest compared to other plots. The survival rate of 

planted dipterocarp of MN2011, MN2014, MX2011 and MX2012 were 83%, 91%, 91% and 84% 

respectively. The growth performance and survival rate of planted dipterocarp species highly influence by 

light intensity, microclimate, topography, and competition. In conclusion, mono species planting technique 

provides a better survival rate and mixed species planting technique better growth performance for planted 

dipterocarp trees. Therefore, this proved that both planting techniques; mono and mixed species are suitable 

for dipterocarp species reforestation activity in Sarawak. As a recommendation, to prevent competition 

between planted dipterocarp and pioneer species such as shrubs, maintenance such silvicultural practise is 

very crucial in reforestation site. 

 

Keywords: reforestation, dipterocarp, growth performance, survival rate, planting technique 
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Fakulti Sains dan Teknologi Sumber 

Universiti Malaysia Sarawak 

 
ABSTRAK 
 

Satu kajian telah dijalankan untuk menilai prestasi pertumbuhan dan kadar kelangsungan hidup spesies 

dipterokarpa ditanam dengan teknik penanaman yang berbeza; teknik penanaman secara mono dan 

campuran di Hutan Simpan Gunung Apeng, Serian, Sarawak. Objektif kajian ini adalah untuk menilai 

prestasi pertumbuhan dan kadar kelangsungan hidup serta untuk mengenal pasti teknik penanaman pokok 

dipterokarpa yang lebih baik untuk ditanam mengikut teknik penanaman yang berbeza bagi tujuan 

penanaman semula hutan di kawasan tropika. Kajian ini telah dilaksanakan pada tapak penanaman semula 

hutan, plot spesies mono (MN2011 dan MN2014) ditanam dengan Dryobalanops beccarii dan plot spesies 

campuran (MX2011 dan MX2012) ditanam Dryobalanops beccarii dan spesies dipterokarpa yang lain. 

Prestasi pertumbuhan pada teknik penanaman yang berbeza telah dinilai dengan mengukur diameter, tinggi, 

kadar cahaya di antara pokok-pokok dan daya hidup. Hasil kajian ini menunjukkan bahawa min kenaikan 

tahunan bagi diameter (MAID) yang tertinggi adalah MX2012 berbanding MN2011, MX2011 dan MX2014. 

Sementara itu, bagi min kenaikan tahunan bagi ketinggian (MAIH) yang tertinggi adalah MN2014 

berbanding dengan plot yang lain. Kadar kelangsungan hidup dipterokarpa ditanam daripada MN2011, 

MN2014, MX2011 dan MX2012 adalah 83%, 91%, 91% dan 84%. Prestasi pertumbuhan dan kadar 

kelangsungan hidup spesies dipterokarpa ditanam dipengaruhi oleh keamatan cahaya, iklim, topografi, dan 

persaingan. Kesimpulannya, teknik mono penanaman spesies menyediakan kadar kelangsungan hidup yang 

lebih baik dan spesies campuran penanaman teknik prestasi pertumbuhan yang lebih baik untuk pokok 

dipterokarpa ditanam. Oleh itu, ini membuktikan bahawa kedua-dua teknik penanaman; mono dan spesies 

bercampur sesuai untuk aktiviti penanaman semula hutan spesies dipterokarpa di Sarawak. Sebagai 

cadangan, untuk mengelakkan persaingan antara dipterokap yang ditanam dengan tumbuhan perintis 

seperti pokok renek, penyelenggaraan amalan silvikultur itu adalah sangat penting di tapak penanaman 

semula hutan. 

 

Kata kunci: penghutanan semula, dipterokap, prestasi pertumbuhan, kadar kelangsungan hidup, teknik 

penanaman 
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1.0 INTRODUCTION 

1.1 Background 

Southeast Asia’s forest becomes one of the largest tropical rainforest with the 

greatest biodiversity in the world. Tropical rainforest habitat continues to degenerate 

globally, with severe consequences for environmental sustainability (Southworth & 

Nagendra, 2010). In Southeast Asia, massive forest clearances were done for the purpose 

of agricultural activities and human settlement. Besides, in Borneo many native timber 

species is endangered because of illegal logging activities (WWF-Globe, 2013). According 

to Karam et al. (2011), forest clearance action leads to many negative impacts for 

environments such as deterioration of soil fertility. Leaching of soil nutrients by poor 

farming practices also caused the degradation of soil in tropical rainforest region. Besides, 

deforestation also caused problem on watershed, soil erosion, flooding, climate changes 

and also endanger the natural habitat of wildlife (der Groot & van der Meer, 2010). 

To reduce the impacts of forest clearance in this region, conservation and 

regeneration of forest area are important. Reforestation will help to recover the quality of 

soil by soaking up pollution, restore natural habitats and ecosystems and minimize global 

warming since forests facilitate biosequestration of atmospheric carbon dioxide (Bottcher 

& Lindner, 2010; Karam et al, 2011). Karam et al. (2011) also mentioned that reforestation 

becomes the best remedies for degraded soil because it is able to regenerate back the 

affected area. Besides, reforestation also helps to reduce the problem of endangered tree 

species, particularly from the family of Dipterocarpaceae. Reforestations are important to 

balance the current rate of deforestation and help to reduce the CO2 gases from the 

atmosphere (Bottcher & Lindner, 2010).  

Meanwhile, there are several factors and methods that ensure the success of newly 

planted trees in reforested area. For instance, selection of suitable plant species, the layout 
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technique of reforestation, proper tree spacing and tree planting technique (Petit & 

Montagnini, 2006; William, 2003). The selection tree species for reforestation in Malaysia 

commonly involve the family of Dipterocarpaceae, such as Shorea sp., Dryobalanops sp., 

and Dipterocarpus sp. (Varmola, 2002; Weinland, 1998). However, the successes of newly 

planted tree in a reforestation area also depend on the planting technique of trees; mono 

and mixed species planting (Burkhart & Tham, 1992).  

Both tree planting techniques have pros and cons that may affect the growth and 

survivability of planted trees. Usually, mono species grow faster and productive compare 

mixed species. According to Burkhart & Tham (1992), mixed species have slower growth 

and very expensive to exudate in the field. Mono species also have a higher chance to 

expose of disease, wind and drought. In contrast, mixed species have better resistance to 

pest risks, disease and have a good chance recovering the biodiversity (Burkhart & Tham, 

1992; Lamb & Lawrance, 1993). Hence, mono and mixed species, both may influence the 

growth and survivability new trees in reforested areas. 
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1.2 Problem statement 

 British Columbia’s Forests (1992) and Platha (2011) mentioned there are obvious 

differences in the rate of growth, production and quality of trees between mono and mixed 

species forest. There are clear difference in the percentage of growth and deciduous of 

conifer trees in mono and mixed species (British Columbia’s Forests, 1992). However, 

most of previous studies are conducted in temperate region and there are lacks of 

information about mono and mixed planting in tropical rainforest especially involving 

dipterocarp species.  Therefore, this study will help to identify and provide more 

information about the suitable planting technique for artificially planted dipterocarps 

species in reforestation areas.  

 

1.3  Objective 

The objectives of this study are: 

 To compare the growth performance and survival rate of planted dipterocarps in 

different planting technique; mono and mixed species.  

 To identify the better and suitable tree planting technique of dipterocarps species 

for purposes of reforestation in Sarawak. 
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2.0 LITERATURE REVIEW 

2.1 Current status of tropical forest covers in Southeast Asia 

 Lindenmayer and Burgman (2005) mentioned that about 80% of the world’s 

original cover of forest were cleared, fragmented, degraded or converted to plantations in 

large scale. However, tropical forest occupied 37 % of the world's forest cover and became 

a major source of wood for industrial demand (Armitage, 1998). Besides, those tropical 

rainforests are well suited for human settlement, hence now massively have been cleared 

for agriculture and other purposes (Achard et al., 2009; Armitage, 1998). Meanwhile, 

Southeast Asia become world’s third largest tropical forests and the entire region was 

covered by forest 8’000 years ago and today about half the land area is still covered by 

forest and start to experience rapid declines (Achard et al., 2009; Billington et al., 1996). 

About 1.2 % loses of forest area is reported each year is because of conversion of forest 

area to agriculture, thus Southeast Asia is having higher rates of deforestation as compared 

to other tropical region (Achard et al., 2009). Moreover, tropical forests provide a wide 

range of economies products which largely commercialized, such as timber, fuel, food, 

medicines and building materials; they also have high environmental values (Achard et al., 

2009; Armitage, 1998). 

However, Borneo forest canopy is broadly dominated by large trees and mostly 

from family of Dipterocarpaceae. For the past three decades, the giant dipterocarp trees 

have been most valuable source of timber in this region. Meanwhile, several species are 

extremely endangered because of over logging, wide-ranging illegal cutting and clearing 

natural habitats for agriculture (der Groot & van der Meer, 2010). Major current threat of 

Borneo forests cover is illegal logging because it is readily accessible and shipping routes 

sell to collectors and processed in huge sawmills. Despite, the strict law protection in 

Borneo, but still often inadequate and do not solve these problems (WWF-Globe, 2013). 
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For instance, in Kalimantan, Indonesia, even highly protected forest areas is being logged 

and declined by more than 56% between 1985 and 2001 (Curran et al., 2004; WWF-

Global, 2013). Besides, deforestation for the purpose of oil palms planting also biggest 

crisis in Borneo. Oil palm industry contributes to deforestation by land conversion from 

the forested area to plantation estate (WWF-Globe, 2013). Globally, high demand for palm 

oil which became crucial vegetable oil in the global oils and fats industry. Large scale of 

land clearance; clear cutting and deforestation for agricultural activities cause land 

degradation in this region (Karam et al., 2011).   

 The negative effect of deforestation of Borneo Island has also affected watershed. 

Maintaining the forests is critical to ensure the island's water supply, minimize the impacts 

of droughts and fires, and to support stability of ecological and economy in the lowlands. 

According to Schultzver (2008) and WWF-Globe (2013), deforestation in Borneo badly 

affects the region’s water catchments role and may impact the region’s unique 

biodiversity. Large-scale soil erosion, flooding and increases in risk of fire are impacts are 

caused by the unsuitability of the terrain. Deforestation is not only a threat to wildlife 

habitat, but also contributes to long-term environmental problems such as climate change 

(Schultzver, 2008). In the meantime, Indonesia has become the third largest carbon emitted 

in the world which is mainly because of land-use change and deforestation. 

 

2.2 Reforestation efforts for conservation purpose in Borneo  

 In Sarawak artificial plantation of dipterocarp started in 1920s by planting of 

Shorea macrophylla and continued planted in small scale until 1975. Later, research on 

exotic fast-growing species were conducted and the results obtained were disappointing, 

thus the state government began to encourage large-scale of dipterocarp planting in 1979 
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(Weinland, 1998). Then, Reforestation Programme for Permanent Forest Estates 

established the dipterocarps plantations in degraded areas of shifting cultivation areas 

(Weinland, 1998). Native species from the family of dipterocarps were planted on an 

operational scale in 4940 hectares of land. 

 According to current data of Forest Department Sarawak (2014b) about 23,096 

hectares were established until end of year 2000 for purposes of tree planting activity in 

reforested area. About 72% of planted tree species are indigenous species and 28 % other 

species. In Sarawak, about 51% of species involved in reforestation are Shorea 

macrophylla, locally known as Engkabang and other Shorea species. 9% of replanting 

species are from Dryobalanops species and the remaining 40% are species are non 

dipterocarp species (Forest Department Sarawak, 2014b). 

 The present efforts of reforestation are concerned on conservation areas and 

improved forest management practices which are necessary to save the tropical forests. 

Achard et al. (2009) reported that a major forest conservation effort had taken in 2007, 

which involved the Forestry Ministers of three countries; Indonesia, Brunei and Malaysia. 

The Heart of Borneo Declaration was signed and 220,000 square kilometres of forest areas 

were turned into a large network of protected areas and forest areas managed according to 

the principles of sustainable forestry (Achard et al., 2009; Schultzver, 2008).  

Regeneration of forest provides positive impacts to the environment on a chemical, 

physical and biological level (Giurca, 2012). Besides, reforestation is important to provide 

environmental services that support efforts towards sustainable development, increase 

carbon sequestration, help in soil conservation and the stabilization of hydrological cycles, 

and increase complete biodiversity levels (Southworth & Nagendra, 2010). Primarily, 

efforts to restore and establish global forest may bring important to the environment, such 
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as reduce the changes in global climate (Southworth & Nagendra, 2010).  Bottcher & 

Lindner (2010) and Giurca (2012) also mentioned that planting new trees and increase the 

forested areas should help to reduce the concentration of CO2 in the atmosphere. 

Greenhouse gases such as carbon dioxide and methane also cause changes in climate. 

Tropical forest is an effective and natural carbon sink to absorb carbons emitted from 

burning of fossil fuels. Global reforestation is an effective improvement strategy to fight 

global warming (Giurca, 2012; Southworth & Nagendra, 2010).  

According to Giurca (2012), another reforestation positive impact at the biological 

level is protecting species and preserving endangered species For instance, reforestation in 

Sarawak may contribute to recover the tropical forest and also restore habitat loss of flora 

and fauna. Reforestation should help the development of endangered species such as 

dipterocarp species. In addition, Giurca (2012) also mentioned that the physical impact of 

reforestation is to help solve problem of erosion and watersheds. In contrast, deforestation 

caused damages and destroys habitats through erosion, thus this impact can be reversed by 

forest restoration. Regional watersheds, a vital resource for human development, adversely 

impacted by deforestation can be brought back to health through reforestation (Giurca, 

2012). Moreover, forest clearance caused the land degradation and this can be regenerated 

the by planting new trees; reforestation (Karam et al., 2011). According to Shono et al. 

(2007) and World Land Trust (2011), the effort in enlarging the forest areas and removing 

soil barriers such as land degradation can be a achieved through assisted natural 

regeneration of forest trees, a technique that used in some of Southeast Asia.  
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2.3 General information about dipterocarp species 

 Dipterocarp species are generally trees widely distributed in tropical rainforest. The 

distribution of Dipterocarpaceae is across the tropic, from the northern South America to 

Africa, the Seychelles, India, Indochina, Indonesia and Malaysia. The greatest diversity of 

this family occurs in Borneo and dipterocarps species in Borneo are quite different than 

other region (Sasaki, 2006). The morphological characteristics of dipterocarp can assist in 

the process of species identification. Dipterocarpaceae family is evergreen tree species 

with the presence of resinous or known as damar, often buttressed and scaly or fissured 

bark on large trees.  

 Simple, alternate leaves with margin entire, tertiary veins is scalariform, reticulate 

or mixture of scalariform-reticulate type, not scalloped edge, penninerved, presence of 

swollen petiole at apex, stipules paired; deciduous or persistent, small to large, and with 

amplexical scars. The inflorescence is in panicles with racemose branches usually with 

flowers second, arranged on one side only (Lechon & Curtet, 1998). It is 5-merous of 

bisexual flower, petals are longer than sepals, 5 lobes, 2-5 lobes enlarge with wings-like 

lobes in fruits, forming a cup or a tube more or less enclosing the fruit; when free to the 

base they are mostly imbricate. The ovary is superior or semi-inferior, 3 or rarely 2 locular, 

each loculus have 2 ovules (Lechon & Curtet, 1998). Fruits not splitting, 1 seeds with 

word pericarp and persistent wing sepals, sometimes sepals not developed into wings. 

Wood, ovary and leaves contain resin secretory canals. 
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Figure 1. Shows drawing of flowering leafy twig (A), detail of venation on lower leaf 

surface (B), flower bud (C), open flower (D), adaxial view of stamen (E) and mature fruit 

(F) of Dryobalonops beccarii, an example of dipterocarp species (Source: Aston, 2004). 

 

2.4 Factors and methods for process of reforestation of tropical rainforest 

 There are several methods that crucial in the process of reforestation. Primarily 

species selection of replanting trees in targeted areas is crucial steps in process of 

reforestation. For forest regeneration,  suitable tree species are selected based on numerous 

factors, such as site capabilities, existing natural regeneration, mixing of deciduous, 

sunlight requirements of the species, variation in growth rates and seed production 

(Minnesota Forest Resources Council, 2005). 
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2.4.1 Species selection for reforestation 

Selection of suitable plant species for reforestation is crucial to ensure better 

survival of trees in the new forest area. Thus, there are several criteria taken into account 

for purposes of species selection, such as fruiting frequencies, seed viability, collection and 

nursery handling, fast, early height growth, natural bole form, self-pruning capacity and 

timber properties (Weinland, 1998). However, dipterocarp trees have become commonly 

tree species planted widely in reforestation of tropical regions. According to Shono et al. 

(2006), dipterocarp seedlings grow faster in open conditions and might need light gaps to 

grow effectively into the canopy. Usually, it is predictable that dipterocarps need shade 

and moisture for germination and development. As proposed by Weinland (1998), the 

suitable dipterocarp species for reforestation of tropical region are genus of Anisoptera, 

Dipterocarpus, Dryobalanops and Shorea. Even though, dipterocarp trees are popular for 

tree planting, non-dipterocarp also equally used in reforestation activities as shown in 

Table 1. 

Table 1.  Among the list of common tree species used for reforestation. 

Area Tree species Source 

Peninsular  

Malaysia 

Dryobalanops aromatica, Shorea leprosula, S. 

macrophylla, S. parvifolia, Octomeles sumatrana*, 

Switenia macrophyla*, and Tectona grandis* 

Zuhaidi et al. 

(2002) 

Sarawak Dipterocarpus spp. Dryobalanops spp., Shorea 

parvifolia, and other Shorea spp. (Engkabang), Durio 

zibethinus*, Artocarpus spp*. and Swietenia 

macrophylla*, 

Varmola (2002) 

Sabah Aquilaria malaccensis*, Dryobalanops keithii, D. 

lanceolata, Parashorea malaanonan, Hopea spp., 

Shorea argentifolia, S. parvifolia and other Shorea spp. 

Chan & 

Lapongan (2002) 

* Common non-dipterocarp species used for reforestation  


