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ABSTRACT 

 
The importance of enrichment planting by planting suitable tree species in degraded forests and land is to restore soil 

biological function. These actions have been done at Takasago UNIMAS Educational Forest. However, factors such 

as soil fertility, waterlogged condition, competition with existing trees, and light intensity differences influence the 

forest's tree growth rate. The study was conducted at Enrichment Planting 2019 site, where the areas were planted 

with Shorea macrophylla and Durio zibethinus through line planting in 2019 with four chosen plots that have different 

light intensity and tree growth rates which are (i) shaded with good growth, (ii) shaded with bad growth, (iii) unshaded 

with good growth, and (iv) unshaded with bad growth. The study was conducted through soil profiling by adopting 

the International Soil Science Society (ISSS) and site observation to determine the difference in soil morphological 

properties at selected plots. The in-situ data such as soil horizon, color, root, rock, structure, and texture were recorded 

on the soil profile recording sheet. The result shows that the four chosen plots show the observations on the sites and 

different characteristics that influence the growth of trees. There was better growth in the shaded area, plot 1, due to 

charcoal, while in the unshaded area, plot 3, due to enough light intensity. In contrast, there was bad growth in shaded 

area, plot 2 due to low light intensity and shrub growth, while in the unshaded area, plot 4, due to termites present in 

the soil. In conclusion, each chosen plot with different sunlight exposure and growth rate shows different soil 

morphological characteristics. 

 

Keywords: Enrichment Planting, different sunlight intensity and growth rate, soil morphology 

 

ABSTRAK 

Kepentingan penanaman memperkayakan dengan menanam spesies pokok yang sesuai di hutan dan tanah yang 

terdegradasi adalah untuk memulihkan fungsi biologi tanah. Tindakan ini telah dilakukan di Hutan Pendidikan 

Takasago UNIMAS. Walau bagaimanapun, faktor seperti kesuburan tanah, keadaan berair, persaingan dengan pokok 

yang sedia ada, dan perbezaan pendedahan cahaya matahari mempengaruhi kadar pertumbuhan pokok di dalam hutan. 

Kajian dijalankan di tapak Penanaman Pengayaan 2019, di mana tapak telah ditanam dengan Shorea macrophylla dan 

Durio zibethinus melalui penanaman secara baris pada tahun 2019 dengan empat plot pilihan yang mempunyai 

pendedahan cahaya yang berbeza dan kadar pertumbuhan pokok iaitu kawasan yang teduh dengan pertumbuhan yang 

baik, kawasan yang teduh dengan pertumbuhan yang buruk. , kawasan yang tidak teduh dengan pertumbuhan yang 

baik dan kawasan yang tidak teduh dengan pertumbuhan yang buruk. Kajian dijalankan melalui pemprofilan tanah 

dengan mengaplikasikan kaedah daripada Persatuan Sains Tanah Antarabangsa (ISSS) dan pemerhatian tapak untuk 

menentukan perbezaan sifat morfologi tanah di plot terpilih. Maklumat in-situ seperti ufuk tanah, warna, akar, batu, 

struktur dan tekstur telah direkodkan pada buku rekod maklumat profil tanah. Hasil kajian menunjukkan bahawa 

empat plot yang dipilih menunjukkan pemerhatian di tapak dan ciri berbeza yang mempengaruhi pertumbuhan pokok. 

Pertumbuhan yang lebih baik di Kawasan teduh, plot 1, disebabkan oleh arang, manakala di kawasan tidak teduh, plot 

3, kerana keamatan cahaya yang mencukupi. Sebaliknya, pertumbuhan buruk di kawasan teduh, plot 2 disebabkan 

oleh intensiti cahaya rendah dan pertumbuhan pokok renek, manakala di kawasan tidak teduh, plot 4, disebabkan oleh 

anai-anai yang terdapat di dalam tanah. Kesimpulannya, setiap plot yang dipilih dengan pendedahan cahaya matahari 

yang berbeza dan kadar pertumbuhan menunjukkan ciri-ciri morfologi tanah yang berbeza. 

 

Kata kunci: Penanaman memperkayakan, berlainan pendedahan cahaya dan kadar pertumbuhan, morfologi tanah 
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1.0 INTRODUCTION  

 

Deforestation is the act of clearing the forest by cutting down the trees by the human for 

specific purposes such as logging, agriculture, paper production, the construction of roads, or 

urbanization, usually for the country economy and benefiting the humans. According to Omran 

and Schwarz-Herion (2020), deforestation is the reduction of plant population that causes loss of 

biodiversity of the plant in the forest due to the action of clearing of its natural green vegetation 

cover. Deforestation activity causes on-site and off-site negative impacts. For on-site impact, 

deforestation caused soil fertility reduced, nutrient losses, wildlife habitat losses, animal 

migrations, and increased incidents of the landslide, floods, and debris flow, while for off-site 

impact, deforestation increases sediment transport and sedimentation in reservoirs, wetlands, and 

lakes, shoaling of coastal sedimentary ecosystems, significant eutrophication and water, and 

sediment resources pollutions, and socio-economic effects (Gharibreza et al., 2020). Specifically 

for soil, deforestation also increases the soil degradation and compaction, resulting in extensive 

nutrient losses, high bulk density, and soil erosion (Hajabbasi et al.,1997), causing the soil not 

suitable for plant growth or other biological lives to live on the disturbed land.  

As the soil plays a vital role in the ecosystem, predominantly plants, degraded land due to 

deforestation requires proper management in order to restore the soil biological function to support 

the plant growth through cover crops and planting suitable plant species on the land through 

enrichment planting on the degraded land. According to Adam (2021), land rehabilitation is 

restoring the land to its natural conditions after the soil is degraded or damaged by human activities 

such as agriculture or industries to make it safe for humans, wildlife, and vegetation. In UNIMAS, 

the forest rehabilitation activity was conducted at Takasago UNIMAS Educational Forest through 
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the enrichment planting by replanting or planting the suitable trees to restore the soil biological 

function and as an effort to restore and conserve the tropical forest and for education purposes.  

Although suitable tree species planting activities have already been successfully conducted 

at the Enrichment Planting sites of Takasago UNIMAS Secondary Forest, however, the growth 

rate of the trees is different due to many factors such as poor soil fertility, waterlogged condition, 

competition with the existing trees and different in light intensity (canopy cover) . The study is 

essential to determine and analyse the soil morphological properties in the enrichment planting site 

(EP19), which consists of several factors such as the relationship between the growth rate of trees 

used for soil enrichment purposes with sunlight intensity. This study is essential to analyse the 

differences between soil morphological properties through soil profiling between a few chosen 

sites: the site with good growth and shaded, good growth and unshaded, bad growth and shaded, 

and lastly, bad growth, unshaded. Soil profiling is essential to determine soil morphological 

properties at different sites at EP19 Takasago to examine the soil fertility and as a tool for nutrient 

management for vegetation growth. Besides, this study will give essential information on the type 

of soil that exists in the study site, which can be used as a future reference to determine the type 

of tree species that can be planted in the study area for better growth and survivability. The 

objective for this study is: 

1. To assess the soil morphological properties of the enrichment planting site at Takasago 

UNIMAS Educational Forest at a different site with different growth rates and different 

sunlight exposure.  
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2.0 LITERATURE REVIEW 

 

2.1 Deforestation, forest degradation and its impact to soil properties  

 

Deforestation is the activity of clearing and thinning of green vegetation of the forest by 

humans, which impacts the forest, including forest destruction (Pimm, 2020). In Malaysia, 

deforestation causes the loss of tree covers which is about 8.67Mha from 2001 to 2021, according 

to Malaysia Deforestation Rates & Statistics (n.d.). For forest degradation, forest degradation is a 

reduction in forest production capacity, as indicated by the several factors such as forest quality 

(reduced tree density), carbon stock (decreased carbon stores), and forest vegetation type 

(evergreen forest turns into bamboo) (Van Khuc et al., 2018). Forest degradation also occurs when 

the forest ecosystems lose the capability to provide crucial benefits and functions to humans and 

ecology (IUCN, 2021).  

Deforestation and forest degradation cause the land degradation to result in the soil loss of 

capability in production in terms of soil fertility and soil biodiversity (Maximillian et al., 2019) as 

well as lead the top layer of the soil to harden or be removed, causing the water from precipitation 

or snowmelt unable to penetrate the soil (Kent, 2016). Deforestation causes soil degradation, 

impacting soil quality as extensive nutrients are removed or reduced along the trees cut and 

harvested (Hajabbasi et al., 1997). The activity such as logging or tree removal exposes soil to rain 

splash that causes loosening and dislodging soil particles, eroding soil and making more 

impermeable surface of the soil which increases runoff (Deforestation, n.d) and also increases the 

soil erosion rates and percolation losses of nutrients and soil compaction (Hajabbasi et al., 1997). 

In addition, the soil compaction can occur due to this activity affecting the water holding capacity 

of the soil, which causes the soil to be unable to absorb precipitation resulting in a high risk of 

flood, also increased high siltation (Chakravarty et al., 2012).  
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2.2 Reforestation of degraded forest and land degradation  

As deforestation causes the loss of lots of green vegetation and timber in the forest as well 

as reduces soil quality, reforestation can be done to restore and regenerate the vegetation and forest 

canopy that have been disturbed. According to Britannica (n.d.), reforestation is the action of 

sowing tree seeds or planting young trees in a previously disturbed forest region. 

The practical method for rehabilitation of the degraded forest is planting indigenous or 

exotic trees species in degraded tropical rainforests to provide more benefits including production 

of timber, food, and medical products (Daisuke et al., 2013) since many trees are lost due to 

deforestation activities. In Malaysia, especially in Sarawak, reforestation via planting fast-growing 

exotic tropical trees such as Acacia Mangium, Gmelina Arborea and Paraserianthes Falcataria, 

as well as planting other species such as Swietenia macrophylla, Durio zibethinus, and Shorea 

macrophylla can help in overcome the poor performance of other species such as conifers and 

improve trees performance in the forest (Krishnapillay & Varmola, 2002). The selection of suitable 

species for reforestation is vital for long-term reforestation sustainability because it provides 

environmental benefits and socio-economic advantages for long-term investments (Le et al., 

2012). According to Le et al. (2012), successful reforestation can be indicated by local income and 

employment opportunities, other livelihood opportunities, food and fibre provision, market price 

stability of locally produced commodities, and local empowerment and capacity building. Besides, 

the reforestation also allows the high demand for firewood and timber can be meet for many 

industrial activities in the countries and the local community. Reforestation also improves poor-

quality land and makes it suitable for species, habitat, and human activities (Adam, 2021). 
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2.3 Planting techniques for reforestation  

2.3.1 Enrichment planting  

 

Enrichment planting is an important effort in forest rehabilitation or reforestation. 

Enrichment planting is the action of introducing valuable species into degraded forests without 

removing any of the valuable and desirable trees that currently exist in the woods. (Tigabu et al., 

2010; Karam et al., 2012). According to Ali (2006), enrichment planting can be defined as 

techniques for restoring or rehabilitating logged-over forest areas (LOF) that are limited in the 

regeneration of commercial timber species. This effort for forest rehabilitation due to deforestation 

plays a vital role in restoring degraded lands to their previous state while maintaining soil fertility. 

Besides, the enrichment planting by planting valuable species can also be able to produce high-

quality and high-value timbers, which can support wood supply shortage and achieve the 

productivity levels of the valuable commercial timber species (Ali, 2006) as well as reduce demand 

for wood or non-wood product from the natural forest (Karam et al., 2012).  

The enrichment planting effort in the degraded forest has a different approach to planting 

the commercial or high-value species line-under- or gap-planting. For line planting, the technique 

is by cutting lines or transects of a given width through existing vegetation and planting seedlings 

of the specific or selected species at regularly spaced distances along these lines. In contrast, gap 

planting is a technique that has the exact resemblance and comparison to natural gap dynamics in 

which the trees are planted on a site that has a gap resulting from one or few trees dying, leaving 

the gap in the forest (Tigabu et al., 2010). 
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2.3.2 Soil properties of enrichment planting site 

 

According to Perumal et al. (2015), most of the soil in the tropical is infertile, plus the 

effects of deforestation can accelerate the soil nutrients to be lost more quickly, causing the forest 

recovery time to be longer. Another impact on the soil properties is causing the soil bulk density 

to be higher, hydraulic conductivity is lower, and higher soil erosion (Hajabbasi et al., 1997), 

resulting in more nutrient losses or soil fertility decline (Karam et al., 2014).  

The reforestation of degraded land or forest brings a significant impact, especially on the 

soil properties. The soil in reforestation sites is significantly improved because the tree canopy 

protects soil from being exposed to direct sunlight and allows for the reaccumulation of organic 

matter, which improves water and nutrient-holding properties while also restoring soil structure 

and good microorganisms that also help in increasing the soil nutrient (Stauffer et al., n.d.). Based 

on Jamaluddin et al. (2013) study, soil fertility at rehabilitation sites was higher than in natural 

forests, proving that forest rehabilitation was a suitable method for improving soil quality after 

land degradation.  

2.3.3 Factor influencing growth performance of species for enrichment planting and 

succession of reforestation  

Better planted tree growth performance in reforestation areas is influenced by several 

factors, which are biological and technical. For biological factors, the growth performance of 

planted tree species is affected by forest gap and light intensity in the forest, which is very 

important for the survivability of trees and under-planted seedling growth (Tigabu et al., 2010). 

Besides, the nutrient availability in the soil, soil moisture, and plants stresses factors also influence 

the performance of the trees in reforestation sites. In addition, the light intensity influences the soil 

moisture, which is crucial for the species growing on the planting sites. Continuous sunlight 
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exposure causes the soil to expose to high temperatures causing frequent evaporation to result in 

the soil become arid, while soil with less light exposure or shaded makes the soil temperature low 

and allows the soil to be humid and increase organic content in the soil (Sufiyan, 2021).  

 

For technical factors, replanting trees for reforestation is also influenced by human 

interventions, such as site-species matching, tree species selection, and site quality. Site-species 

matching is essential in encouraging the optimal stand growth and long-term sustainability of the 

planted trees in the reforestation sites (Le et al., 2012). However, a lack of site-species matching 

can result in poor seedling survival and growth. For a tree, species selection is necessary for the 

wood industry and rehabilitates the forest ecosystem. Valuable and suitable selected species can 

have high survivability under different land conditions and compete for the weed. Besides, planting 

a mixture of indigenous tree species help in increasing vegetation in the forest, causing the forest 

environment to become a more humid and lower weed, low pest attack, as well as allowing 

pollinator agent to disperse additional tree species the seeds into planted areas (Le et al., 2012). 

Plus, site quality also influences the reforestation succession. These factors involve climatic, 

geologic, and edaphic factors that contribute to tree growth at specific reforestation sites and 

determine the nutrient and water availability for growth performance (Le et al., 2012). The planted 

tree performance in reforestation sites is also affected by suitable site quality, meaning that better 

site quality is important to sustain high-value timber species growth. 

  



 

8 

 

3.0 METHODOLOGY 

 

3.1 Description of Study Area 

The study was conducted at Takasago UNIMAS Educational Forest at UNIMAS at West 

Campus, the University of Malaysia Sarawak, with coordinates reading 1˚27'51.53" N latitude and 

110˚25'25.32" E longitude. The UNIMAS Educational Forest consists of four important sites, 

which are Secondary Forest (SF), Enrichment Planting site 2018 (EP18), Enrichment Planting 

2019 (2019), and Nursing tree site (NT). The study was conducted at Enrichment Planting 2019 

(EP19). For Enrichment Planting 2018 and 2019, the trees were cleared for both sites due to the 

construction activity, but enrichment planting by planting fruit and valuable tree species was 

performed in order to enrich the soil. The average annual precipitation in the Kota Samarahan 

district is 2435.1 mm (per year), while the mean temperature is 27oC and 86 % humidity from 

2005 to 2015 (Climate & Weather, n.d.). 

 
 

 
Figure 1: Study area in EP19 (Google Earth Pro, 2022) 
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3.2 Soil survey and data collection  

The soil profile description was conducted at four different plots with different growth of 

planted trees and sunlight exposure at Enrichment Planting 2019 at UNIMAS Takasago 

Educational Forest. The area for the distance between each planted tree in EP19 is 5m x 2.5m. The 

plots were selected randomly at different planting lines in EP19 based on the different growth rates 

of planted trees and sunlight exposure. The EP19 was planted with a mixture of tree species such 

as Shorea macrophylla and Durio zibethinus. There are also existing trees with varying ages within 

the planting lines. With the varying ages of trees, the sites also have different light exposures that 

influence trees' soil characteristics and growth performance. Four different plots were selected 

based on the light intensity and growth performance for the site selection. Two plot was selected 

where the area is shaded due to tree canopy but different growth rate where the first plot has good 

growth where the area has healthy grown trees, while the second plot has bad growth where the 

area has small trees or stunted trees growth on the sites. The last two plots, which are unshaded, 

or the area exposed to sunlight, were also selected based on different growth rates, which are good 

and bad growth rates on the site. Four different plots were selected which is the plot 1 (P1) which 

are shaded area with good growth (Figure 2), plot 2 are shaded area with bad growth (Figure 3), 

plot 3 (P3) are the unshaded area with good growth (Figure 4), and last plots which plot 4 (P4) is 

the unshaded area with bad growth with (Figure 5). Four soil pits were dug at 50-70 cm depth at 

different plots for soil descriptions.  
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 Figure 2: P1 (Shaded, good growth)   Figure 3: P2 (Shaded, bad growth) 

 

  

Figure 4: P3 (Unshaded, good growth)  Figure 5: P4 (Unshaded, bad growth) 
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3.3 Characterization of Soil Profile 

The soil profile and description for each plot was conducted by adopting standard 

procedures by the International Soil Science Society (ISSS) (NRCS,2002). The evaluation of the 

different plots (P1, P2, P3, and P4) was conducted through in situ observations in order to collect 

information on the soil morphological properties by soil profile based on the different 

characteristics such as soil horizon and boundary, soil color, soil compaction, soil texture, soil 

structure, mottling, biological activity, measuring root, and other observation. The soil profile 

recording sheet recorded all the observances of the soil characteristic in the different horizons for 

each site (Appendix 1).  

 

3.3.1 Determine soil horizon and boundary 

 

The soil was dug about 50 – 70 cm depth using hoe, the soil horizon and boundary were 

identified by measuring the soil color and the horizon was measured using measuring tape. 

Different color of soil indicates different layer of soil horizon. Once the horizon was identified, 

each horizon was carefully observed to determine the form of boundary and boundary horizon. All 

the record for each information about depth for each horizon, form and horizon of boundary was 

recorded on the Soil Characterization Data sheet. 

 

3.3.2 Measuring soil texture 

 

The soil texture was determined using the "feel method". Each soil ped from each horizon 

was collected, moistened, and observed using this method, and the chart shown in the appendix 2 

was followed to determine the soil types. After soil texture was determined, soil types were 

recorded in the soil profile data recording sheet. 
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3.3.3 Measuring soil compaction (Soil bearing capacity) 

 

The soil compaction or hardness was determined and measured using the Yamanaka-type 

push cone penetrometer. The devices were pushed into the soil for each identified horizon for each 

site plot. The measurement from this device showed after this device is pushed into the soil for 

each horizon. The measure was taken five-time, and the average measurement was obtained to 

determine the soil hardness for each horizon. The result was recorded in the data recording sheet 

of the soil profile. 

Measurement (M) 

Average = (M1 + M2 + M3 + M4 + M5) 

                                       5 

 

               =           mm  

 

 

3.3.4 Measuring soil color 

 

The soil color was determined using the Munsell Soil Colour chart. Every ped from each 

horizon was collected, moistened using the water, and matched with the Munsell Soil Colour chart. 

The mottling color from the soil was also observed and compared if the mottling was found. Once 

the color from the Munsell  Soil Colour chart and ped was matched, the color types on the  Munsell  

Soil Colour chart were recorded in the data recording sheet of the soil profile.  

 

3.3.5 Organism observation  

 

Organisms such as worms, termites, ants, or other organisms were observed in the soil or 

surface for each plot. 
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3.3.6 Determining soil structure 

 

For soil structure, the soil from each horizon was removed using shovel. The samples were 

careful observed it structures whether the soil structure is granular, blocky, prismatic, columnar, 

platy. The soil structure was determined referred to the figure 6.  

 

Figure 6: Guideline for soil structure  

 

3.3.7 Measuring mottling 

 

The samples from each horizon were collected, and the soil was broken down by hand to 

identify whether the mottling was present or not. The mottling was identified through the present 

another color than the dominant matrix soil color. If the mottling was present, the mottling color 

from the soil was measured and matched with the Munsell Soil Colour chart to determine the 

mottling color since it is different from the dominant soil color. The mottling abundance was 

observed whether few, common, or many. The observation was recorded in the data recording 

sheet of the soil profile. 


