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ABSTRACT

Oil palm (Elaeis guineensis Jacq.) cultivation is a primary economic sector in Indonesia, with North Sumatra being a
leading production region. However, the sector's expansion, exemplified in the Bilah Sub-watershed, Labuhanbatu,
has raised concerns regarding the deterioration of soil physical properties, posing a risk to long-term agricultural
sustainability. While plantation age and topographic slope are identified as key influencing factors, their interactive
effects remain inadequately examined. This study, therefore, aimed to analyze the differences in soil physical
characteristics across varying oil palm ages and slope gradients. Conducted from May to August 2025 in Negeri
Lama Village, the research employed a factorial design with three plantation ages (newly planted, 5, and 12 years)
and three slope classes (0-3, 3-8, and 8-15%). Parameters assessed included soil texture, organic matter content,
porosity, water content, and permeability. The results demonstrate that increasing plantation age positively correlates
with improved soil conditions, marked by higher organic matter, porosity, water content, and permeability, alongside
reduced bulk density. Conversely, steeper slopes significantly degrade these same properties. The study
underscores the critical interaction between these two factors. Its importance for the oil palm industry lies in providing
empirical evidence for developing site-specific soil management strategies. The findings advocate for enhanced
conservation practices, particularly on slopes exceeding 8%, to mitigate degradation and ensure the ecological and
economic sustainability of this vital commodity system.
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INTRODUCTION

The expansion of oil palm plantations (Elaeis
guineensis Jacq.) in |Indonesia has reached a
monumental scale, placing the country as the world's
largest producer of Crude Palm Oil (CPO). The latest
data from the Indonesian Statistics (2023) indicates that
the national oil palm area has reached 14.99 million
hectares, with CPO production of 46.88 million tons in
2022. North Sumatra Province, with Labuhanbatu
Regency as a primary contributor, serves as the
epicenter of this palm oil agribusiness. However, behind
its significant contribution to national foreign exchange
and employment, this expansion wave has cast a
shadow of alarming environmental degradation,
particularly in vulnerable ecosystems such as
watersheds (Srisunthon and Chawchai 2020).

*Corresponding Author:
E-Mail: fitrasyawalharahap@ulb.ac.id
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The Bilah Sub-watershed in Labuhanbatu Regency
exemplifies this paradigm, where the dynamics of
environmental stress due to oil palm intensification
require in-depth study, starting from the ecosystem's
foundation: the soil. Land degradation, manifested
through the deterioration of soil physical properties,
poses an existential threat to agricultural sustainability
and environmental health. Soil physical properties such
as texture, structure, bulk density, porosity, moisture
content, permeability, and infiltration rate are not merely
static parameters. They are primary regulators of the
soil's hydrological function, controlling water movement
and storage, gas exchange, nutrient availability, and
providing a medium for root development (Hillel 2003).

Alterations in these key properties, such as increased
bulk density (compaction) or decreased infiltration rates,
can disrupt the micro-hydrological cycle, increase
Consequently, monitoring soil physical properties serves
as a crucial initial indicator for assessing the level of
environmental stress in a region. Large-scale land
conversion to monoculture oil palm plantations has been
identified as a primary driver of changes in soil physical
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properties. A meta-analysis by Guillaume et al. (2022)
compiling global data, concluded that land conversion,
especially from forests, consistently leads to soil
compaction (a 10-30% increase in bulk density), up to a
40% decrease in soil aggregate stability, and a
significant reduction in infiltration rates. The principal
mechanism is extensive mechanical disturbance during
land clearing and planting using heavy machinery, which
destroys the natural soil structure.

However, the narrative of this change is non-linear
and dynamic, strongly influenced by the plantation's
developmental stage. During the immature plant phase
(TBM; ages 1-3 years), soil disturbance peaks. Intensive
tillage, terracing, planting, and fertilization activities,
coupled with inadequate canopy cover, render the soil
highly susceptible to compaction and erosion (Evans et
al. 2021). Over time, in the young to mature productive
plant phase (TM; ages 4-15 years), conditions gradually
improve. A closing canopy protects the soil from raindrop
impact energy, while a deepening root system and
abundant litter input begin to enhance soil structure
through aggregate formation and increased organic
matter. However, in the old productive plant phase (Old
TM; >15 years), new stresses emerge. The cumulative
traffic of heavy equipment during harvesting and
maintenance, along with a potential decline in soil
biological activity, can induce secondary compaction and
degrade soil porosity. (NCASI 2004).

Therefore, understanding the trajectory of sail
physical properties across the palm oil plantation age
continuum is not optional but essential for assessing the
tipping point of soil health. Another layer of complexity is
topographic variation, specifically slope gradient. The
Bilah Sub-watershed features a heterogeneous
landscape, ranging from alluvial plains near rivers to
undulating and hilly regions. Slope gradient
fundamentally alters the potential energy of rainwater,
making land with steep slopes (>15%) inherently more
prone to erosion. Erosion processes not only transport
fine soil particles and nutrients (resulting in topsoil loss)
but also selectively leave behind coarser sand particles.
This can alter soil texture to a coarser composition,
reduce water-holding capacity, and worsen soil structure
in upstream areas (Sobol et al. 2017).

In oil palm plantations, although conservation
practices like cover crops (e.g., Centrosema molle and
Pueraria phaseoloides) have been adopted, their
effectiveness varies widely. On steep slopes during the
TBM phase, where soil covered by such legume crops
may not yet be optimal, the erosion risk remains very
high. This synergistic interaction between biological
factors (plant age determining canopy and litter cover)
and physical factors (slope gradient controlling erosion
intensity) will create a unique and complex spatial pattern
of soil physical properties across the Bilah Sub-
watershed landscape (Liu et al. 2025).

Understanding these interactions is critical for
designing precise, site-specific conservation strategies
rather than applying uniform measures. Labuhanbatu
Regency, with the bar Sub-watershed in it, has
undergone a dramatic land transformation. A report by
the DLKH North Sumatra (2022) indicates a decline in
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the quality of the Bilah Sub-watershed, characterized by
high sediment loads in the Bilah River and unstable
water discharge fluctuations, suggesting impaired
hydrological regulation. This disturbance is strongly
suspected to be linked to land cover changes and
upstream cultivation practices. However, to date,
comprehensive and detailed scientific data quantifying
the in-situ physical properties of soil, and how they are
influenced by the key variables of plantation age and
slope, remain scarce. This data gap hinders the
formulation of evidence-based management policies and
recommendations for achieving sustainable oil palm
cultivation in the region.

Based on the outlined urgency and knowledge gaps,
this study is designed to conduct an in-depth
investigation of the soil physical properties in oil palm
plantations within the Bilah Sub watershed. The focus is
to elucidate the variability induced by differences in
Plantation Age and Slope Gradient, as well as the
interaction between these two factors.

The novelty of this research lies in its integrative
approach, simultaneously analyzing the influence of
temporal factors (plant growth stages: TBM, TM, Old TM)
and spatial factors (slope gradient classification) within a
single framework in a specific tropical sub-watershed
undergoing intensive oil palm expansion. Most prior
studies tend to examine these factors in isolation or
within different agroecosystem scales and contexts. By
deconstructing this complexity through interaction
analysis, this study aims to provide a scientific roadmap
that can serve as a basis for implementing more adaptive
and site-specific plantation management practices. The
ultimate goal is to ensure long-term productivity while
preserving the ecological function of the Bilah Sub-
watershed as a vital life support system.

MATERIALS AND METHODS

The research was conducted at the oil palm plantation
of Negeri Lama, District of Bilah Hilir, Labuhanbatu
Regency. The soil type is Inceptisol with an altitude of 15
meters above sea level, located at coordinates N:
980.011°.22.41” E: 02°.016°.24.31” as shown in Figure 1.
Soil sample analysis was conducted at the Soil Fertility
Laboratory, Faculty of Agriculture, Universitas Sumatera
Utara.

MAP OF DAS BILAH LABUHANBATU REGENCY

Source: Balal Wilayah Sungal Sumatera 11, 2022
Statistics Indonesia Labuhanbaty Regency, 2022

Strait of Malacca

w— DAS Bilah Boundary

===== Labuhanbatu Regency Boundary

— Sungai Bilah
I Forest
| Plantation
Rice Field
Settlement

Figure 1. Administration map of research site
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The materials used in this study were intact soil
samples at depths of 0-30 and 30-60 cm and disturbed
soil samples taken compositely. The tools used were
GPS (Global Position System), abney level, sample ring,
mineral soil drill, field knife, hoe, cutter, plywood or
board, plastic bags, rubber bands, labels, stationery,
camera, office software, Arc-GIS software, Avenza MAP
Application, and Munsell Color Soil Chart book. The
study was conducted using a survey method,
representative areas selected using Purposive Random
Sampling method in oil palm plantation with various ages
with 3 replications. Soil sampling was carried out on the
following land: T1 = Newly planted oil palm plantation,
slope 3-8%, T2 = 12-year-old oil palm plantation, slope
3-8%, T3 = Newly planted oil palm plantation, slope 8-
15%, T4 = 5-year-old oil palm plantation, slope 8-15%,
and T5 = 12-year-old oil palm plantation, slope 8-15%.
The stages of the research were: preparation, making a
work map ; located at coordinates N: 98°.017°.23.41” E:
020.018.25.31 ground check of the work map, field data
collection, and soil analysis in the laboratory. The
analysis parameters in this study were soil texture
(hydrometer method), organic matter content (Loss on
Ignition method), Bulk Density (gravimetric method), total
pore space, soil water content (gravimetric method), and
permeability (De Boodt method based on Darcy's Law).

RESULTS AND DISCUSSION
Results

Soil texture class. The analysis results of soil texture
class at various ages and slope of oil palm plantations
are presented in Table 1. Table 1 shows that the soil at
several ages of oil palm plantations has a texture class
of silt loam, clay loam, clay, to sandy clay. The texture at
several ages of oil palm plantations is influenced by
differences in parent material and weather level.

Table 1. Soil texture at various ages of oil palm trees

Soil Texture

Age Slope Sample
(Year) (%) Depth Depth
0-30 cm 30-60 cm
S20 Silt loam Silt loam
5 3-8 S21 Silt loam Silt loam
S22 Silt loam Clay loam
S23 Silt loam Clay
3-8 S22 Loamy Sandy
10 s23 Sandy Sandy
S51 Silt loam Loam
8-15 S$52 Silt loam Silt loam
S§53  Sandy loam Slggg]y
S31 Sandy loam  Silt loam
3-8 832  Sandy loam Loam
15 S33 Loamy Sandy
S61 Sandy loam Loam
8-15 S62 Silt loam Loamy
S63 Silt loam Silt loam
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The analysis show differences in soil texture at plant
age with different slope and depth. The difference in soil
texture is influenced by the content of existing fractions
thus also affect the soil physical properties. The good or
bad of soil physical properties are influenced by the
texture of the soil itself. According to Harahap, Oesman,
et al. (2021), soil texture is not influenced by land use
type or differences in plant age because changes in soil
texture require a long-time span. Inceptisol is a newly
developed soil, usually has a texture that varies from
coarse to fine, depending on the level of parent material
weathering Harahap, Purba, et al. (2021) while Walida et
al. (2020), reported that there are variations in particle
size fractions at plant age and depth. In oil palm
plantation area, sand fraction is higher compared to
forest soil (unprocessed). In the depth of 0-20 cm, soil
density level is relatively lower than in the 20-40 cm.

Content of soil organic matter. The analysis results
of soil organic matter content at several ages of oil palm
tree with slope gradients are presented in Table 2 and
Figure 2. Based on the data in Table 2, the influence of
oil palm age and slope gradient class on Soil Organic
Matter (SOM) content in the Bilah Sub-Watershed,
Labuhanbatu Regency, can be analyzed. The discussion
focuses on two soil layers (0-30 cm and 30-60 cm) to
observe the vertical distribution of Soil Organic Matter
(SOM).

Table 2. Soil organic matter at various ages of oil palm
trees

Age of Organic Soil Layer (cm)
Oil

Matter
Palm (%) 0-30cm  30-60 cm
(Year)
5 (0-3) 1.97+£0.12 212+0.12
5 (3-5) 209+£0.12 221+0.12
5 (6-8) 205+0.12 2.42+0.12
10 (0-3) 207+£0.12 2.63+0.12
10 (3-5) 211+0.12 2.65+0.12
10 (6-8) 221+0.12 253+0.12
15 (0-3) 258+0.12 3.02+0.12
15 (3-5) 271+£0.12 258+0.12
15 (6-8) 281+0.12 3.05+0.12

Generally, the data shows a trend of increasing SOM
content with the increasing age of the oil palm plantation
from 5 to 15 years. In the 0-30 cm layer, the average
SOM value increased from the range of 1.97-2.09 (5
years) to 2.58-2.81 (15 years). A more pronounced
increase was observed in the 30-60 cm layer, where the
SOM value at 15 years (range 2.58-3.05) was much
higher than at 5 years (range 2.12-2.42). This
phenomenon can be explained by the continuous
accumulation of leaf and frond litter along with plant
growth, accompanied by the development of a wider and
deeper root system in older plants. Dead and
decomposing roots become an important source of
organic matter input for deeper soil layers. This finding
aligns with the research of Deng et.al. (2018), which
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reported more significant accumulation of soil organic
carbon in revegetation systems that have reached a
stable phase after 10-15 years.

The influence of slope gradient shows a more
complex pattern and interacts with plantation age. At 5
and 10 years of age, no consistent pattern was observed
where a specific slope class always yielded the highest
SOM. However, at 15 years of age, slopes with a
gradient of 6-8% showed the highest SOM values for
both soil layers (0-30 cm: 2.81; 30-60 cm: 3.05). This
may be related to specific conditions at the research site,
such as more intensive soil conservation management
(e.g., terracing or cover cropping) on steeper slopes to
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residues in that layer. This condition shows that
assessing soil quality based solely on the topsoil may
overlook important carbon dynamics in the subsoil.

Bulk density. The analysis result of bulk density at
several ages of oil palm with slope can be seen in Table
3. Bulk density increases with increasing age of oil palm.
Oil palm aged 0 years have the highest bulk density and
the lowest soil organic matter content (Figure 3) because
land clearing using heavy equipment make soil become
more compacted.

Table 3. Bulk Density at various ages of oil palm trees

prevent erosion, thereby better retaining organic matter. ~ Age Slope Soil Layer (cm)
On gentler slopes (0-3%), although potentially  (Year) (%) 0-30(g.cm™)  30-60 (g.cm™)
experiencing lower erosion, microbial decomposer New 0-3
activity might be higher due to more favorable moisture . 1.02 0.97
- ” . Planting
and aeration conditions, leading to a faster rate of
organic matter decomposition. These results indicate New. 0-5 1.04 1.07
that in the study area, land management practices may Planting
have a stronger influence than the natural slope factor 5 3-5 1.05 1.07
itself in determining SOM stocks. A comparison between 5 6-8 1.09 110
the two soil layers reveals that at 10 and 15 years of age, ' ’
the SOM content in the 30-60 cm layer is often higher 10 0-3 1.11 1.13
than or equal to that in the 0-30 cm layer. This is an 10 3.5 1.07 1.15
interesting finding because conventionally, the top layer 10 6-8 1.09 115
is considered to have the highest organic content. The ) ' :
high SOM in the subsurface layer can be attributed to 15 0-3 1.06 1.12
several factors: (1) leaching of dissolved or suspended 15 3.5 1.05 1.14
organic particles from the top layer, (2) bioturbation (soil 15 6-8 1.09 114
fauna activity) that transports organic matter to deeper ) : :
layers, or (3) previous land use history that left organic
3,5 1 3,02 3,05 3,11
& 30 1 2,63 2,65 253
2 2,42 ’
c ,5 ’
80| ————a— .
o) 197 2,03 2,05 2,07 2,11 ’
g 1> ==4==S50il Layers 0- 30 cm
'§ 1,0 1 Soil Layers 30-60 cm
oo
o 0,5 A
0,0
5 Year (O- 5 Year (3- 5 Year (6- 10Year 10Year 10Year 15Year 15Year 15 Year
3%) 5%) 8%) (0-3%)  (3-5%) (6-8%) (0-3%) (3-5%) (6-8%)
Age and Slope

Figure 2. The effect of palm age and land slope to content of soil organic matter (%)
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1,0 -
1,0 -
09 A ==¢==S5oil Layers 0- 30 cm
0,9
New 5Year 5Year 5Year 10Year 10Year 10Year 15Year 15Year 15 Year
Planting (0-3%) (3-5%) (6-8%) (0-3%) (3-5%) (6-8%) (0-3%) (3-5%) (6-8%)
(3-8%)

Age and Slope

Figure 3. The effect of palm age and land slope to content of Soil Bulk Density (BD) (g cm)

New Planting (3-8% slope): Shows the lowest bulk
density values in both soil layers (1.02 g cm™ at 0-30 cm
and 0.97 g cm™ at 30-60 cm), indicating less compacted
soil likely due to recent land preparation and minimal root
system development. 5-Year-Old Stand: A general
increase in bulk density is observed compared to new
planting. Values are higher in the 30-60 cm layer across
all slopes. The 6-8% slope shows the highest surface
bulk density (1.09 g cm™), suggesting potential
compaction or natural soil consolidation processes. 10-
Year-Old Stand: The highest bulk densities are recorded
in this age group. The 0-3% slope shows the highest
surface value (1.11 g cm™3), while the subsurface (30-60
cm) values peak at 1.15 g cm™ for the 3-5% and 6-8%
slopes, which may be related to maturing root systems
and long-term soil settling. 15-Year-Old Stand: Bulk
density values show a slight decrease or stabilization in
the surface layer (0-30 cm) compared to the 10-year
stand, ranging from 1.05 to 1.09 g cm™. However,
subsurface density remains high (1.12 to 1.14 g cm™),
similar to the 10-year stand, indicating persistent
compaction in the subsoil. Overall Trend: Bulk density
generally increases with standing age, particularly in the
deeper soil layer (30-60 cm). The influence of slope
gradient on bulk density is variable across different ages,
with no single, consistent trend. Qil palm aged 5 and 12
years have lower bulk density compared to 0 years. This
is because root development will break up the soil so that
the soil is less dense. The canopy density levels of 5
years and 12 years are increasing thus protecting the soil
from rainwater impact.

Total pore space (TPS). The analysis results of the
Total Pore Space (TPS) can be seen in Table 4 and
Figure 4. The total pore space increases with the
increasing age of oil palm. The increase in the total pore
space is influenced by the increasing content of organic
matter and the decrease in bulk density thus soil will form
more pore space and an increase in the total pore space
of the soil. Soil at 5 years old of oil palm has almost the

same of total pore space value because the bulk density
also has almost the same value, while on a slope of 3-
8%, 12 years old has a higher average value compared
to a slope of 8-15%.

Table 4. Total Pore Space (TPS) at various ages of oil
palm trees

Soil Layer (cm)

Slope

Age (Year) (%) 0-30 30-60
(g.cm™) (g.cm™)
New 0-3 4511 421 4244 +1.8
Planting
'l;‘le‘” . 0-5 4311 $1.9 4315 20
anting
5 3-5 4813 +2.3 4243 1.7
5 6-8 4854 125 4266 1.9
10 0-3 4965 +1.8 5215 2.2
10 3-5 51.65 +2.4 4421 +16
10 6-8 50.65 +2.1 4511 1.8
15 0-3 4654 +1.7 515 2.3
15 3-5 4654 +2.0 4432 15
15 6-8 5244 +27 4432 1.7

Water content. The analysis results of soil water
content can be seen in Figure 5. Soil water content
increases with the age of oil palm. High organic matter
content can reduce soil density so that the number of soll
pores will be high, which affects the soil's ability to hold
water. The increase in the amount of litter as the plant
ages increase affects the amount of available organic
matter, which will affect the soil water content. The
density of the plant canopy can affect the soil water
content because a denser plant canopy can increase the
occurrence of soil evaporation or decrease the
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evaporation of the soil. Oil palm aged 12 years have
wider canopies than those aged 5 and O years.

Soil permeability. The analysis results of soail
permeability at various ages and slope of oil palm can be
seen in Figure 6. Soil permeability increases with the age
of oil palm, due to higher organic matter content,

Agrotechnology Research Journal, December 2025, 9(2):126—134

increasing total pore space, and a decrease in bulk
density. Soil permeability value decreases with
increasing land slope. The slope of 3-8% at both 5 and
12 years is higher than the slope of 8-15% at the same
plant age. This is affected by magnitude of erosion on the
soil.

60,0 A
52,15 51,65 5g9g5 51,50 52,44
500 - 48,13 48,54 49,65 4
! 45,11

g 46,54
- L 45,11 ,
w4001 44 4311 4315 4243 a6 4311 WP 44,32
a
30,0 4
o
[-%
© i
E 20,0 «=g==50il Layers 0- 30 cm

10,0 - Soil Layers 30-60 cm
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New 5Year 5Year 5 Year 10 Year 10 Year 10 Year 15 Year 15 Year 15 Year
Planting (0-3%) (3-5%) (6-8%) (0-3%) (3-5%) (6-8%) (0-3%) (3-5%) (6-8%)

(3-8%)

Age and Slope

Figure 4. The effect of palm age and land slope to content of total Pore Space (%)
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Figure 5. Soil water content (%)
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Figure 6. Soil permeability (cm h)
Discussion soil physical properties is low bulk density because it has

Soil organic matter content (%) of newly planted (3 -
8%), 5 Years (3 - 8%) and 12-year-old oil palms with
slopes of 8-15% have an average organic matter content
of 5.1% at a depth of 0-30 cm and 2.9% at a depth of 30-
60 cm. Increasing the slope causes a decrease in soil
organic matter content. This is because the more sloping
the land surface, the energy of the surface water flow
(runoff) will also increase so that the surface flow will
carry litter and result in a decrease in organic matter
content. According to Azhar et al. (2024), land cover with
slope can affect the soil organic C content. Dense land
cover with high slopes has a lower organic C content
compared to dense land cover with low slopes. The sail
physical and chemical properties in different land uses
are related to the management practices. Spatial
variations between soils can cause variations in texture
(El Bilali et al. 2021)

The soil bulk density value in the 0-20 cm layer is
relatively lower compared to the 20-40 cm layer where
the organic matter content is very low (Jayeola et al.
2025). On the slope, there is an increase in bulk density
along with increasing slope. The high and low of bulk
density is affected by several factors such as content of
soil organic matter, soil texture, number of soil pores, and
plant roots. High soil organic matter content can make
the bulk density value decrease. Soil with high organic
matter is usually looser than soil with lower organic
matter. Organic matter will increase the number of soll
pores so that the soil density will decrease. Bulk Density
is influenced by structure (in terms of pore space), soil
texture (in terms of particle size and density) and organic
matter content (Lei et al. 2025).

Soil with high organic matter content tends to have
good and stable of soil physical properties. One of stable

a more total pore space. The existence of land
processing activities and a low canopy density level will
cause an increase in bulk density. Raindrops will directly
hit the ground so that the soil will become denser (Mazigh
et al. 2022). A high canopy density level can protect the
soil surface from being destroyed by the impact of
rainwater, so that there is no blockage in the soil pores
(Okon et al. 2017). This is related to the decreasing bulk
density and the increasing of organic material content.
According to Pérez-Sato et al. (2023), high organic
material can reduce bulk density. Low bulk density is
related to increasing of soil porosity due to the presence
of organic and inorganic fractions in the soil. According
to Santoso et al. (2024), soil that has a low bulk density
has a high total pore space, conversely, soil that has a
high bulk density has a low total pore space. This is
related to the decreasing bulk density and the increasing
of organic material content. According to Swails et al.
(2024), high organic material can reduce bulk density.
Low bulk density is related to increasing of soil
porosity due to the presence of organic and inorganic
fractions in the soil. According to Utami et al. (2024), soil
that has a low bulk density has a high total pore space,
conversely, soil that has a high bulk density has a low
total pore space. Older oil palm has more fronds thus
able to contribute high litter and organic matter.
According to Govers et al. (2020), organic matter content
can suppress the rate of evaporation. High organic
matter content can increase humus levels in the soil.
Humus is hydrophilic, so it can increase water absorption
in the soil and can also increase water storage capacity.
Soil water content on each slope also shows a decrease
in soil water content along with increasing slope. At a
slope of 3-8%, the soil physical properties are better

132

Soil Physical Properties in Oil Palm Plantations



Harahap et al.

compared to 8-15%. According to Guillaume et al.
(2022), the decrease in soil water content is related to
land slope.

Water content tends to decrease along with
increasing slope. The steeper the slope, the greater the
runoff, thus affecting the soil organic matter content bulk
density, and total pore space. According to Higgitt and
Lu (2021), the high content of organic matter in the upper
layer causes a good soil aggregation process. Organic
matter is able to unite single into micro aggregates, then
micro to macro aggregates thus balancing pore space
between micro and macro pores. The balance of soll
pores is able to pass water per unit time faster than low
organic matter content. Other factors that affect soil
permeability are soil texture and total pore space. Soll
texture that contains a lot of sand can increase soil
permeability. According to Evans et al. (2021), soil
texture that contains more sand fractions and has a
sandy loam structure will have high soil permeability
value. The density of soil fraction configuration in a soil
volume causes lower permeability value.

CONCLUSIONS AND SUGGESTIONS

The results of oil palm research at different ages and
slopes in the sub-watershed Bilah, Labuhan Batu
Regency show that the older the oil palm, the higher the
organic matter content, total pore space, water content
and soil permeability, but the decreased bulk density.
The steeper the slope, the increased bulk density, and
decreased organic matter content, total pore space,
water content and soil permeability.

REFERENCES

Asdak C. 2023. Hidrologi dan pengelolaan daerah aliran
sungai. Yogyakarta (ID): Universitas Gadjah Mada
Press.

Azhar B, Corre MD, Kurniawan S, Veldkamp E, Scheu S.
2024. Resilience underground: Understanding
earthworm biomass responses to land use changes
in the tropics. Biol Conserv. 299:110800.
https://doi.org/10.1016/j.biocon.2024.110800.

El Bilali A, Taleb A, Boutahri I. 2021. Application of HEC-
RAS and HEC-LifeSim models for flood risk
assessment. J Appl Water Eng Res. 9(4):336-351.
https://doi.org/10.1080/23249676.2021.1910596.

Deng L, Wang K, Zhu G, Liu Y, Chen L, Shangguan Z.
2018. Changes of soil carbon in five land use stages
following 10 years of vegetation succession on the
Loess Plateau, China. Catena. 171:185-192.
https://doi.org/10.1016/j.catena.2018.07.014.

Dislich C, Keyel AC, Salecker J, Kisel Y, Meyer KM,
Auliya M, Barnes AD, Corre MD, Darras K, Faust H,
et al. 2017. A review of the ecosystem functions in oil
palm plantations, using forests as a reference
system. Biol Rev. 92(3):1539-1569.
https://doi.org/10.1111/brv.12295.

[Indonesian Statistics]
Horticulture and Estate Crops Statistics.
Indonesian oil palm statistics 2022.

Directorate of Food Crops
2023.

Agrotechnology Research Journal, December 2025, 9(2):126—134

[DLKH North Sumatra] Environment and Forestry
Agency of North Sumatra Province. 2022. Informasi
kinerja pengelolaan lingkungan hidup daerah provinsi
Sumatera Utara. Medan (ID): Environment and
Forestry Agency of North Sumatra Province.

Evans CD, Khasanah N, Tan SY, Gill SK. 2021. Impacts
of oil palm plantation agriculture on soil and water
quality: A systematic review. Environ Res Lett.
16(5):53003. https://doi.org/10.1088/1748-
9326/abf2d8.

Govers G, Van Oost K, Wang Z. 2020. The impact of
agricultural soil erosion on biogeochemical cycling.
Nat Geosci. 13(5):288—-291.
https://doi.org/10.1038/s41561-020-0566-5.

Guillaume T, Caliman JP, Anhar S. 2022. Oil palm age
as a controlling factor of soil structural properties and
water flows in Sumatra, Indonesia. Geoderma.
406:115451.
https://doi.org/10.1016/j.geoderma.2021.115451.

Harahap FS, Oesman R, Fadhillah W, Nasution AP.
2021. Determination of Ultisol bulk density in open
land of Universitas Labuhanbatu. AGROVITAL J limu
Pertan. 6(2):56-59.

Harahap FS, Purba J, Rauf A. 2021. Relationship
between rainfall and groundwater availability pattern
on oil palm (Elaeis guineensis Jacq) production in
highland region. Agrikultura. 32(1):37—42.

Higgitt DL, Lu XX. 2021. Modelling soil erosion and
sediment yield in tropical environments: The role of
land use and topography. Geomorphology.
384:107697.
https://doi.org/10.1016/j.geomorph.2021.107697.

Hillel D. 2003. Introduction to environmental soil physics.
San Diego (CA): Elsevier Academic Press.

Jayeola OE, Efenudu IU, Erhayimwen AM. 2025.
Assessment of the physicochemical properties of oil
palm groves in Sapele, Amukpe Delta State, Nigeria.
J Agric Food Ecol. 3(1):15-24.

Lei K, Wang J, Zhu B, Chen D. 2025. Distinct impact of
land use and soil development processes on coupled
biogeochemical cycling of C, N and P in a temperate
hillslope-flood plain  system. Biogeochemistry.
168(1):21-43.  https://doi.org/10.1007/s10533-024-
01148-w.

Liu J, Hu 'Y, Feng Z, Xiao C. 2025. A review of land use
and land cover in mainland Southeast Asia over three
decades (1990-2023). Land. 14(4):828.
https://doi.org/10.3390/land14040828.

Masnang A, Sinukaban N, Sudarsono, Gintings N. 2014.
Study of run-off and erosion rate on various land use
in the upper Jenneberang Sub Watershed. J
Agroteknos. 4(1):32-37.

Mazigh N, Taleb A, El Bilali A, Ballah A. 2022. The effect
of erosion control practices on the vulnerability of soil
degradation in Oued EL Malleh Catchment using the
USLE model integrated into GIS, Morocco. Trends

Soil Physical Properties in Oil Palm Plantations

133


https://doi.org/10.1016/j.biocon.2024.110800
https://doi.org/10.1080/23249676.2021.1910596
https://doi.org/10.1016/j.catena.2018.07.014
https://doi.org/10.1111/brv.12295
https://doi.org/10.1088/1748-9326/abf2d8
https://doi.org/10.1088/1748-9326/abf2d8
https://doi.org/10.1038/s41561-020-0566-5
https://doi.org/10.1016/j.geoderma.2021.115451
https://doi.org/10.1016/j.geomorph.2021.107697
https://doi.org/10.1007/s10533-024-01148-w
https://doi.org/10.1007/s10533-024-01148-w
https://doi.org/10.3390/land14040828

Harahap et al. Agrotechnology Research Journal, December 2025, 9(2):126—134

Sci. 19(2):2059.
https://doi.org/10.48048/ts.2022.2059.

[NCASI] National Council for Air and Stream
Improvement. 2004. Effects of heavy equipment on
physical properties of soils and on long-term
productivity: a review of literature and current
research. North Carolina (US): National Council for
Air and Stream Improvement, Inc.. Technical Bulletin
No.: 887.

Okon MA, Nwachukwu MN, Osujieke DN. 2017.
Differences in physicochemical properties of soils
under oil palm plantations of different age in
Ohaji/Egbema Imo State. Int J Res Agric For. 4(1):1—
5.

Pérez-Sato M, Reyes-Ramirez A, Gonzalez-Morales S,
Juarez-Maldonado A. 2023. Soil physicochemical
properties change by age of the oil palm crop.
Heliyon. 9(6):e16606.
https://doi.org/10.1016/j.heliyon.2023.e16606.

Santoso B, Hendarmawan H, Rosandi Y. 2024.
Identification of soil fracture zone using Waxman-
Smits model based on ERT survey data. Trends Sci.
21(8):7760. https://doi.org/10.48048/ts.2024.7760.

Sobol N V., Gabbasova IM, Komissarov MA. 2017. Effect
of rainfall intensity and slope steepness on the
development of soil erosion in the Southern Cis-Ural
region (A model experiment). Eurasian Soil Sci.
50(9):1098-1104.
https://doi.org/10.1134/S106422931709006X.

Srisunthon P, Chawchai S. 2020. Land-use changes and
the effects of oil palm expansion on a peatland in
Southern Thailand. Front Earth Sci. 8:559868.
https://doi.org/10.3389/feart.2020.559868.

Swails E, Wijedasa LS, Lamba S, Hergoualc’h K. 2024.
Soil nitrous oxide and methane fluxes from a land-use
change transition of primary forest to oil palm in an
Indonesian peatland. Biogeochemistry. 167(4):363—
381. https://doi.org/10.1007/s10533-024-01150-2.

Utami SNH, Sabiham S, Sutarta ES, Prasetyo TB. 2024.
Empty fruit bunch oil palm ash and biochar improved
peat soil properties, NPK status on leaves, and the
growth of immature oil palm plantations. Appl Environ
Soil Sci. 2024:1133527.
https://doi.org/10.1155/2024/1133527.

Walida H, Harahap FS, Ritongah Z, Yani P, Yana RF.
2020. Evaluation of organic material nutrient status
on soil chemical properties in oil palm leaning land.
Ziraa’ah Maj lim Pertan. 45(3):234-240.

134 Soil Physical Properties in Oil Palm Plantations


https://doi.org/10.48048/ts.2022.2059
https://doi.org/10.1016/j.heliyon.2023.e16606
https://doi.org/10.48048/ts.2024.7760
https://doi.org/10.1134/S106422931709006X
https://doi.org/10.3389/feart.2020.559868
https://doi.org/10.1007/s10533-024-01150-2
https://doi.org/10.1155/2024/1133527

