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ABSTRACT 
Oil palm is the most efficient vegetable oil producer whose products can be used in various food, pharmaceutical, 
oleochemical, and biodiesel industries. Expanding the new planting area, starting from land clearing, and planting 
oil palm, to young and mature oil palm plants, will affect the abiotic environment around it, such as the 
characteristics of the soil and the organisms in it. The purpose of this study was to examine the impact of changes 
in land use from secondary forest to oil palm plantations on the soil's chemical, physical, and biological properties. 
This research was conducted in the Dawas experimental plantation, Musi Banyuasin district, South Sumatra 
province. Parameters observed were soil physical properties, soil chemistry, plant vegetative and leaf nutrients, 
soil cover biomass, and soil mesofauna. From the research, it can be concluded that the chemical and physical 
properties of the soil are not significantly different in several land uses and land slopes. Slope and plant age did 
not significantly affect nutrient uptake and soil mesofauna. 
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1. INTRODUCTION 

The palm oil crop is the most efficient vegetable oil-
producing crop whose products can be used in various 
food, pharmaceutical, oleochemical, and biodiesel 
industries. Oil palm plants also contribute to Indonesia's 
export foreign exchange and domestic needs. This has 
prompted several efforts to increase palm oil production 
by intensification and extensification. Intensification 
efforts are carried out with various genetic studies of 
plant materials and technical cultures, while 
extensification efforts are carried out with various new 
planting area expansion programs.  

The process of expanding the new planting area will 
affect the surrounding biotic and abiotic environment, 
such as the chemical-physical properties of the soil and 
soil organisms caused by changes in land use. Variations 
in soil's physical and chemical properties are most likely 
due to soil management practices and changes in soil 
vegetation [1-2]. Based on the theory presented by [3], 
oil palm plantations generally tend to reduce soil fertility 
and N-availability. In many cases, it also found that the 
soil fertility under plantation crops is lower than that 

under the forest. However, the rate of decline under 
plantations is often much lower than under forest planting 
due to higher input levels and lower nutrient loss [4]. 
Furthermore, [5] also noted that oil palm impacts the loss 
of diversity compared to forests.  

This condition can be mitigated by optimizing soil 
management practices in oil palm plantations [6]; 
however, the effect of this practice on soil ecosystem 
processes and soil properties is largely unknown. The 
abundance and diversity of soil microorganisms and soil-
dwelling fauna such as earthworms, beetles, and earwigs 
increase with good tillage practices such as applying 
plant residues [7]. It supports this well-run nutrient 
mineralization process, including soil carbon 
stabilization and nutrient cycles [8].  

The Dawas experimental plantation in Musi 
Banyuasin Regency, South Sumatra province, has a 
reasonably diverse area. It started to build in 2005 and 
will continue to grow so that there are immature plants 
(TBM), mature plants (TM), and newly opened land. It 
also has a stretch of land adjacent to the secondary forest 
in the complex. There is also a protected forest covering 
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an area of ± 8 ha to support the High Conservation Values 
Forest (HCVF) program, which synergizes with the 
development of oil palm plantations.   

These conditions make Dawas plantation very 
suitable for integrated research on the influence of oil 
palm plantation development on the environment, 
regarding the physical and chemical properties of the soil, 
or its influence on the physiology of oil palm plants. The 
area to be observed is on one stretch of land (assuming a 
uniform macro climate), so errors or standard deviations 
that may occur at the time of observation will be 
minimized. The purpose of this study is to examine the 
impact of changing the land use of secondary forests into 
oil palm plantations on the soil's chemical, physical, and 
biological properties.  

2. METHODS 

This research was conducted in the Dawas 
experimental plantation, Musi Banyuasin Regency, 
South Sumatra province. The Dawas plantation is in the 
development stage so that there are still secondary 
forests, Immature Palms, and Mature Palms in the 
plantation area on one relatively homogeneous broad 
land. The climatic conditions in Dawas are relatively wet 
and have a strict dry season such as a dry month of 1-2 
months/year. The topographical slopes of Dawas 
plantation varies from flat, wavy, in to hilly.   

The research design used in this study was a 
randomized group design (RGD) with two types of 
treatment. The treatments applied in this study are 
immature palms (IP) and mature palms (MP). Each 
treatment was carried out on a plot of 1 ha (130 plants), 
repeated twice, and grouped into three classes of a land 
slope, namely: (i) L1: slope class 0–8 %; (ii) L2: slope 
class 8–15 %; and (iii) L3: slope class >15%.   

The parameters observed in this study are soil 
physics properties, soil chemical properties, floor 
biomass, leaf chemical elements, plant vegetative, and 
soil mesofauna. The physical properties of soil are 
texture, porosity, aggregate stability, bulk density, and 
soil permeability rate. Soil samples taken using soil 
samples are disturbed by composite means at a depth of 
0-20 cm and 20-40 cm; as well as soils are not disturbed 
by using ring samples taken at a depth of 0-20 cm, 20-40 
cm, and 40-60 cm are taken inside and outside the disk. 
Analysis of soil physics properties is carried out in the 
soil physics laboratory, IOPRI.  

Soil chemical analysis was carried out on composite 
soil samples The experimental analysis included 
macronutrient content, namely: N-dd, P-dd, K-dd, Ca-dd, 
and Mg-dd, as well as N-total, P- total, K- total, Ca- total, 
and Mg- total, as well as micro-content (Cu, Fe, B, Al, 

Zn) in the soil on every treatment. The analysis was 
carried out in the IOPRI laboratory.  

The plant observations were carried out at the 
beginning of the study every six months. Observations 
include midribs number, rachis length, petiole area, 
leaves area, and leaf area index. The leaf nutrient contents 
were N, P, K, Ca, and Mg. The analysis was carried out 
in the IOPRI laboratory.  

The observations of ground cover biomass (ground 
floors) were carried out on a small plot measuring 1m x 
1m that had been marked for the next to be taken at the 
exact location the following year to increase ground 
cover biomass.  

Furthermore, soil mesofauna description was 
carried out from three sampling points with soil samples 
taken representing: (i) in the weeding circle (a distance of 
100 cm from the base of the tree); (ii) the outermost circle 
weeding (a distance of 2 m from the base of the tree); (iii) 
between plants (a distance of 4.5 m from the base of the 
tree); and (iv) interrow. Soil samples for the observation 
of mesofauna are taken at a depth of 0-15 cm. The land is 
further extracted with the Berlese-Tullgren tool.  

3. RESULT AND DISCUSSION 

3.1. Soil physical characteristics  

Components of soil's physical properties include 
color, texture, structure, porosity, density, consistency, 
aggregate stability, and temperature. These properties 
affect infiltration, erosion, nutrient cycle, and biological 
activity [9]. Soil texture is the condition of the soil based 
on the comparison of the composition of dust and clay 
sand on the soil. Soil texture affects the movement of 
water, solutes, and air in the soil, heat movement, soil 
volume weight, specific surface area, ease of soil 
compaction (compressibility), and others [10]. The 
texture is closely related to the chemical and physical 
properties of the soil and indirectly affects plant growth 
and nutrient absorption by plants.  

 

Figure 1 Soil texture 
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In Figure 1, it can be seen the composition of sand, 

dust, and clay on MP, IP, and secondary forests (SF). 
Determining the soil texture type based on the soil 
fraction's composition can use the texture triangles as a 
reference. From the percentage of sand, clay, and dust 
fractions on the soil, it can be determined the type of soil 
texture on the MP is clayey loam, IP is sandy clay, and 
SF is sandy loam.   

The soil on the IP land has a fraction composition 
that is almost the same as the SF land, which is dominated 
by the sand fraction, while clay fractions dominate the 
soil on the MP land. The texture of the soil is usually 
unchanged by management practices. Soil texture is 
formed from the parent material and weathering and 
pedogenic processes such as recrystallization, eluviation, 
and illuviation. However, textures can be altered by 
erosion, deposition, cutting, and some other human 
interventions [9].  

Soils that contain a lot of loam are considered best 
for plants because they contain more water and nutrients 
than sandy soils and have better drainage, aeration, and 
tillage than clay soils [11]. Soils with a high clay will 
cause waterlogging and soil salinity and reduce 
biological activity. Meanwhile, sandy soils will cause 
high infiltration, low water retention capacity, and poor 
nutrient retention [12]. The most suitable soil texture for 
oil palm plantations is sandy loam and muddy loam 
because these types of soil texture can store enough water 
and plant nutrients [13].  

Other parameters of soil physical properties are 
permeability, bulk density (BD), porosity, and aggregate 
stability. Based on Figure 2, it can be seen that the value 
of permeability, porosity, and aggregate stability is 
higher found in the MP than in the IP, and the last is SF. 
Meanwhile, the bulk density parameter does not differ 
between the three crop fields. Excessive tillage, excessive 
irrigation, and single plantings could damage the soil 
structure. On the other hand, fertilization, especially 
organic fertilization, would improve the structure of the 
soil [9]. The addition of organic matter can cause a 
reduction in the aggregate value of the soil and bulk 
density, as well as an increase in the value of porosity and 
soil permeability [14].  

3.2. Soil Chemistry Analysis  

The soil's chemical properties based on land use are 
presented in Fig. 3. Based on Fig. 3, it can be seen that 
overall the oil palm cropland produces the highest 
nutrient levels, especially elements C, N, C / N, P, Ca, 
Mg, Base cation, KTK, Base saturation, and Al-
exchanged compared to other lands. The fertilizer on the 
MP was commonly applied with a higher dose than on 
the IP [15] so that the number of nutrients in the soil 
would be higher in the MP area. Furthermore, SF are 
generally not applied fertilizer. In addition, the 
availability of nutrients in the soil is influenced by many 
factors that are often interrelated. These include parent 
rock material, particle size, hummus, moisture content, 
pH, aeration, temperature, root surface area, rhizo-flora, 
and mycorrhizal development [15].  

Figure 2 Physical Soil Characteristics 
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Figure 3 Chemical characteristics of the soil based on land use
 

 

 

 

 

 

 

Figure 4 The chemical character of the soil based on the slopes level.  
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Figure 5 Leaf Chemistry Analysis 

The soil's chemical properties based on the land's 
slope are presented in Figure 4. Overall, land with a slope 
of >15% contains nutrients C, N, K, Ca, Na, Mg, base 
cation, cation exchange capacity, exch. Al and base 
saturation are higher than fields with a slope of 0-8 % and 
8-15%. The chemical properties of soils at different slope 
are significantly influenced by the level of soil 
development and the leaching process [16]. Soils can 
significantly accumulate these dissolved ions such as Ca, 
Mg, K, and Na from the apex and settle at the bottom 
position of the slope due to the leaching process [16]. 
Furthermore, erosion due to tillage on inclined or slope 
land is a significant factor in land degradation on slopes 
[17]. Even so, in the results of this study, there was no 
significant difference between soil nutrients in various 
slopes.  

3.3. Leaves Chemistry Analysis  

Leaf chemical analysis in this study includes N, 
P, K, and Ca and Mg content analysis in the MP and IP 
on some slopes. Based on Figure 5, no consistent nutrient 
pattern was found in the plant's age and the field's slope. 
The nutrient concentration of oil palm leaves is 
influenced by many factors such as soil type, water 
availability, fertilization, vegetative growth, and seasonal 
factors, including rainfall [18-19]. The current state of 
leaf nutrient concentration will determine the health 
status of the oil palm and lead to the appropriate level of 
fertilization to be applied [18]. 

 

3.4. Floor Biomass 

 Table 1. Soil Biomass 

 
Floor biomass is the total dry mass of aboveground 

organic matter in various plant compartments, including 
trunks, branches, leaves, stumps, and bark [20]. The floor 
biomass of MP and IP land varies from slopes, but if 
averaged, the floor biomass on the IP is higher when 
compared to MP (Table 1). Floor biomass is generally 
more affected by maintenance carried out on plantations 
[21]. The distribution of palm biomass over the soil 
surface is generally showed that the stem produces most 
of the biomass (about 73%) compared to the leaves 
(rachis + petioles + fruit/leaflet) which made a total of 
about 27%. The proportion of floor biomass of oil palm 
(stem vs. leaf) in both IP and MP of the palm 
compartment (stem vs. leaf) varies slightly based on age 
and diameter [21]. 

Cropland Information Floor biomass 
(g) 

Root weight 
at 0-20 cm (g) 

Yielding Plants 
slopes 0-8% 169,8 221,3 
slope 8-15% 659,3 150 
slopes >15% 1185,3 76,4 

Immature Plants 
slopes 0-8% 1013,3 264,7 
slope 8-15% 878,7 117,9 
slopes >15%) 675,7 284,5 
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Furthermore, based on Table 1, soil biomass is 
different on each slope. The slope impacts aboveground 
and subterranean carbon due to its influence on 
groundwater regimes and plant density [22]. The highest 
biomass and carbon stocks will be obtained at a more 
slight slope due to the higher density of the palms 
compared to the steeper slope [23]. The more density of 
the tree, the higher the biomass [24].  

3.5. Vegetative Plants 

The measurement of leaf area in the MP and IP on 
some slopes shows that the area of leaves in some slope 
in MP was not much different in 2015 and 2014. 
However, in the mature and immature palms, the highest 
increase in leaf area was observed on slopes >15%. This 
finding is inconsistent with the opinion of [25], who 
states that the steeper and longer slopes will increase the 
magnitude of erosion so that the speed of run-off and 
carrying capacity increase the high leaching of nutrients 
in the soil [26]. Nutrients are essential factors that affect 

plant growth. Even so, plant growth is also influenced by 
sunshine (solar radiation), carbon dioxide, and water 
[27].  

 

Figure 6 Leaf Area on 2014 and 2015 
 

 

Figure 7 Mesofauna soil that found on the research area
  

Figure 8 The documentation of soils messofauna. (a) Araneae (b) Collembola (c) Coleoptera (d) 
Pseudoscorpiones (e) Hymenoptera (f) Psocodae (g) Acari (h) Oribatida (i) Diplura (j) Diptera 
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3.6. Mesofauna Soil
Soil mesofauna is an essential part of the ecosystem 

and a link between micro and macro fauna that form an 
essential part of decomposing soil communities that 
transfer nutrients through microbial activity [28]. The 
presence of mesofauna in the soil is strongly influenced 
by environmental factors, such as soil temperature, pH, 
and other soil properties. Furthermore, in this study, the 
land slope is considered the main environmental factor 
affecting soil organic matter content and nutrient 
availability [29]. Changes in soil fauna communities also 
occur after fertilization caused by the quantity and quality 
of food, as well as modifications in the physical and 
chemical properties of the soil [30]. Mesofauna 
populations are closely related to the leaf litter biomass 
produced by each vegetation so the biomass availability 
will determine the density of mesofauna [31]. Leaf litter 
biomass correlates with populations, which means the 
higher biomass will increase mesofauna populations that 
vary between vegetation [32].  

The observation has found there are eleven types of 
mesofauna in oil palm plantations in Dawas, namely, 
from the orders Araneae, Acari, Collembola, Coleoptera, 
Pseudoscorpiones, Hymenoptera, Psocodae, Oribatida, 
Diplura, Diptera and Hemiptera. The most dominant 
mesofauna that found in oil palm plantations are 
Hymenoptera and Collembola, respectively 34 and 29 
amounts of individuals/dm3. Based on the theory, 
Collembola is one type of mesofauna that is easily 
adaptable [32]. Some of the mesofauna orders of land 
found in agricultural land are Collembola, Acarina, 
Hymenoptera, Diptera, Coleoptera, Orthoptera, Araneae, 
Spirobolida, Polyxenida, Scolopendromorpha, 
Hemiptera, Odonata, and Oligochaeta [33]. The 
population and diversity of mesofauna are the largest in 
soils with high porosity and organic matter [34]. The 
reduction of soil fauna populations often occurs due to 
disturbances in the soil, such as fires, droughts, tillage, 
and pesticide applications [35].  

4. CONCLUSIONS  

The chemical and physical characteristics of the soil 
do not show a noticeable difference between the land 
where the oil palm crop grows and the immature palm 
and the forest land. The 0->15% land slope also has no 
real influence on the physical and chemical properties of 
the soil. Furthermore, the density of mesofauna on oil 
palm land is different in the weeding circle and the 
interrow in each area.  
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