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Abstract: This study aims to determine the analysis of soil quality index in
pine forest land use type on dry land in Aceh Besar Regency. This research
focused on several field observation points in the pine forest land use type
area on dry land in Aceh Besar Regency. The soil quality index in the pine
forest land use type in Aceh Besar Regency is included in the medium
category. This is due to soil sampling on the inceptisol soil type in Aceh
Besar Regency, which has characteristics of less fertile soil. Soils that have a
high percentage of dust have a higher risk of erosion, because dust has a
relatively small size so that it is easily washed away by surface flow. low C-
organic content, high volume weight, pH H>O, K- exchangeable, P-available
and low N-total. In the type of pine forest land use, special treatment is
needed in the form of adding organic matter to the soil by fertilizing,
reforesting pine plants and conducting drainage so as to reduce nutrient
leaching in the top soil layer.
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Introduction

Dryland is an agroecosystem that has great
potential for agricultural activities, including food crops,
horticulture, annual crops, and livestock. Land that
covers the largest area and has a strategic position in the
implementation of agricultural development in
Indonesia. The utilization of dry land is an important
tool in the pursuit of equitable development activities.
Based on the Indonesian Agricultural Spatial Planning
Direction Map, Indonesia has a land area of around
188.20 million ha, consisting of 148 million ha of dry land
(78%) and 40.20 million ha of wetland (22%) (Suwati et
al,, 2022; Guillaume et al., 2016).

Organic matter plays a very important role in soil
fertility. Changes in the physical, biological, and
chemical characteristics of the soil have a direct impact
on the role of organic matter in the soil. Organic material
added to the soil can increase soil porosity. Organic
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materials will undergo a process of decomposition and
mineralization. The results of decomposition are organic
acids (organic compounds) which can be ingredients
that play a role in the formation of soil aggregates.
Aggregate (structure) improvements will be followed by
improvements in porosity, aeration, infiltration, water
holding capacity available water, permeability, and
other physical properties. Providing organic matter can
improve the chemical properties of the soil. The organic
acids resulting from decomposition increase cation
exchange capacity. Decomposition and mineralization
accompanied by the formation of nutrients can increase
the amount and availability of nutrients in the soil
(Wawan, 2017).

Pinus merkusii Jungh et de Vrieseis a priority type of
plant (60%) planted in the Forest, Soil and Water
Conservation Program, especially reforestation and
greening activities by the government through the
Ministry of Forestry which has been implemented since
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the 60s. The choice of this type of pine is due to several
factors, namely: the availability of sufficient seeds, its
growth rate is fast and it can play a role and grow on
marginal land. Similar to trees in general, pine tree
growth is highly impacted by a favorable and well-
balanced mix of environmental factors. If one
environmental factor is out of balance with other factors,
this factor can suppress plant growth. These
environmental factors are light, nutrients, air, and water
(Sallata, 2013).

Tools that can give precise information on the state
of soil quality are necessary for the management of
sustainable agroecosystems. Changes in soil quality
have an impact on biodiversity, weather patterns,
biogeochemical cycles, agricultural productivity, food,
energy, and water security, as well as human well-being
and socioeconomic survival. Because soil serves so many
purposes (such as producing biomass, regulating the
climate, and reducing pollution), assessing one or more
soil characteristics alone is insufficient to determine the
quality of the soil. Unpredictability in soil quality data
can lead to calamities like landslides and disease
outbreaks from tainted water, as well as delayed
detection. Measurements of soil quality that are precise,
repeatable, methodical, and transparent can enhance
interpretation and cross-location comparison (Amorim
et al., 2021; Mukherjee & Lal, 2015; de Paul Obade & Lal,
2014).

The ability of a specific type of soil to sustain plant
and animal survival within naturally occurring or
controlled limits, without endangering the quality of the
surrounding environment, is referred to as soil quality.
Although it is impossible to measure the physical,
chemical, and biological characteristics of soil directly,
one can determine the quality of the soil (Tian et al., 2020;
de Paul Obade & Lal, 2016); Nakajima et al., 2015).

Aside from the quality of the water and air, soil
quality is one of the three elements of environmental
quality. The primary criterion for defining the quality of
water and air is the amount of pollution that directly
affects the health and consumption of humans and
animals, as well as natural ecosystems. On the other
hand, soil quality is more broadly defined as "the
capacity of soil to function within the boundaries of
ecosystems and land wuses to maintain biological
productivity, maintain environmental quality, and
improve plant and animal health" rather than being
restricted to the amount of pollution in the soil
(Buinemann et al., 2018; Rinot et al., 2019).

Assessing soil quality is done by looking at
indicators. Physical, chemical, biological, or soil-specific
features can all serve as indicators. Plant morphological
or physiological traits can serve as indicators. Indicators
are measured to observe changes in the soil brought
about by soil management. Because they are connected
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to the characteristics of the soil and the quality of
particular soils, indicators of soil quality are established.
Because it can reveal details about a variety of
characteristics, including soil fertility, soil structure, soil
stability, and nutrient retention, soil organic matter is a
commonly used indicator. Additional plant indicators
that can reveal information about soil compaction
include rooting depth (Biinemann et al., 2018).

Research on soil quality index in pine forest land
use type needs to be done because pine forest is one of
the land use types in Aceh Besar Regency that needs to
be preserved to maintain biodiversity and protect land
resources that are very beneficial for the people in Aceh
Besar Regency. Sustainable and sustainable land
management efforts can prevent land degradation and
are able to store nutrients in pine forest land use types
and can store carbon sequestration which can reduce
global warming due to the large amount of CO» content
in the air. Classification of a vegetation/land use type is
necessary as a basic effort in assessing the diversity of
biological resources (Dewi et al., 2022)

For all types of soil to remain fertile, the type of land
use is crucial. Leaching of nutrients frequently occurs in
the pine forest land use type, which is primarily planted
in Aceh Besar Regency's highlands. As a result, very
little organic material is returned to the soil, and the
effects of intensive tillage exacerbate this problem. The
amount of organic material in the soil varies depending
on its properties and the way it is used. The amount of
organic matter in the soil varies due to modifications in
the vegetation, land use, and soil management practices
(Lestari, 2023). Soil quality index analysis of pine forest
land use types on dry land in Aceh Besar Regency is the
focus of this study.

Method

This research was prioritized at several field
observation points in the pine forest land use type area
on dry land in Aceh Besar Regency. Apart from the field,
this research was also carried out at Universitas Syiah
Kuala.

The G.P.S. (Geographic Information System), soil
drill, sample ring, pH-meter, tape measure, plastic,
rubber, knife, hoe, and Abney level are among the tools
used in the field. Meanwhile, the equipment used in the
laboratory for soil analysis included analytical scales,
pH meters, ovens, shakers, hot plates, colonizers,
distillation units, burettes, beakers, spectrophotometers,
and A.A.S (Atomic Absorption Spectrophotometer). The
top layer of soil (0-20 cm) was used to assess the soil
fertility status as one of the materials used in this study.
Regional maps, Google maps, soil type maps,
observation point maps, and different chemicals —such
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as H,O,10%, HC110 N, distilled water, and materials for
laboratory analysis—will be utilized during field soil
surveys.

Descriptive techniques based on survey data, field
observations, and laboratory analysis were used to
conduct this study. Field surveys are conducted to
gather primary data, such as the overall biophysical
conditions of the region, the physical and chemical
properties of the soil gleaned from observations, and
indicators of the quality of the soil through laboratory
soil analysis.

Research location
survey

L

Field observations

Analysis of physical
| properties

Ly

Figure 1. Flow diagram of the process of carrying out soil
quality index research

Laboratory Analysis

Analysis of chemical
properties

Soil sampling points were determined using the
purposive sampling method, namely points that had
been determined in the pine forest area on dry land in
Aceh Besar Regency. Each sampling point is taken as an
average of five repetitions. Drilling is used to collect soil
samples for chemical property analysis. The purpose of
soil drilling is to ascertain the soil solum's thickness.
Only the top 20 cm thick soil layer is the subject of
sampling. Five or six sample points were collected for
the pine forest land wuse type, and these were
subsequently examined in a lab. The fertility status for
each type of land use will then be ascertained using the
data from the soil analysis. Every observation point
(LUT) in Aceh Besar Regency is a pine forest that was the
site of field observations and sampling. In order to
represent the Entisol and Inceptisol soil types, soil
samples were collected at slopes ranging from 0 to 15%,
or from flat to slightly steep.

To learn more about the physical and chemical
characteristics of the soil at the research site, a soil
sample analysis was done in the lab. Analysis is done on
the following variables: pH (H>O), C-organic, N-Total,
P-available, and K-exchangeable. In order to support soil
classification, data on base saturation (BS) and cation
exchange capacity (CEC) are used. In the meantime,
fraction size (texture), volume weight, and porosity are
analyzed from a single undisturbed soil sample. Table 1
describes the elements and procedures for analyzing the
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chemical, physical, and rooting depth characteristics of
the soil.

Table 1. Soil Physical, Chemical, and Biological
Properties analyzed in the Laboratory

Analysis Aspect Analysis Method
Texture Stokes' law pipette method
Reaction (pH) of soil: pH Electrometric
(H:0) (%)

C-Organic (%) Walkey and black
N-total (%) Kjeldahl

P-available (ppm)
K-dd (cmol kg1)

Rooting dept (cm)
Volume weight (g.m-3) Ring sample (core method)
Porosity (%) Complete saturation

Bray and olsen
Extraction of 1 N NH4COOH
Drilling

Source: Soil and Plant Laboratory and Biology Laboratory,
Faculty of Agriculture, Universitas Syiah Kuala (Husni et al,,
2016)

The method (Mausbach, 1998) for analyzing the soil
quality index was modified by (Partoyo, 2005). The nine
soil property criteria listed in Table 1 above are used to
calculate the soil quality index changes made in a few
instances in accordance with Partoyo (2005) and (Arifin,
2011) in response to the circumstances of the study area.
The criteria for soil quality as stated by Partoyo are
shown in Table 2.

Tabel 2. Soil quality criteria based on soil quality index

(SQI) values

SQI Value Class Soil Quality Criteria
0.80 - 1.00 Very good
0.60 - 0.79 Good
0.40 - 0.59 Mediun
0.20 - 0.39 Low
0.00-0.19 Very Low

Source: (Partoyo, 2005)

The research location map to determine the soil
quality index for pine forest land use types in Aceh Besar
Regency can be seen in Figure 2.

Figure 2. Map of research locations on pine forest land use
types in Aceh Besar Regency
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Result and Discussion

The outcomes of laboratory analysis and field
observations can be used to inform soil quality indices.
Surveys representing various types of pine forest land
use on dryland in Aceh Besar Regency were conducted
based on observations and descriptions of soil profiles at
multiple locations.

Table 3. Physical, chemical characteristics and rooting
depth of pine forest land use types on dryland in Aceh
Besar Regency

Pine forests

5
Physical
Chemical sample sample sample sample sample
Properties 1 2 3 4 5
Rooting depth
(cm) 197 215 218 188 188
Volume
weight 1.23 1.24 1.22 121 125
Porosity (%) 6643 6055 6643 6055 63.49
C-organic (%) 2.21 1.82 1.3 177 177
Dust-clay (%) 71 70 71 70 705
pH (H20) 5.58 5.66 5.58 5.66 5.62
P-available
(ppm) 1.45 1.45 1.45 145 145
K-switched 0.37 0.24 0.37 024 031
N-Total (%) 0.14 0.12 0.14 012 013

Lembah Lembah Lembah
Seulawa Seulawa Seulawa LampuuLampuu
Location h1 h2 h3 k1 k2
95.69739 95.70396 95.70174 95.23563 95.23545
9- 2- 5- 4- 2-
5.402485 5.404807 5.399843 5.477866 5.478222

Sample point
coordinates

One of the reasons for the moderate soil quality
index criteria for the pine forest land use type is due to
taking soil samples from the inceptisol soil type in the
Aceh Besar Regency area, which has characteristics of
less fertile soil. Inceptisol has low levels of essential
nutrients such as nitrogen, phosphorus, and potassium.
Damage to soil physics, chemistry, and biology may
arise from intensive soil management. The process of
acidification brought on by the frequent and extensive
use of synthetic nitrogen fertilizer can harm the chemical
composition of the soil (Rafika et al., 2022). Physical soil
damage includes things like using improper agricultural
machinery or applying chemical fertilizers on a regular
basis, which can weaken the soil's structure and result in
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compaction. Population declines and decreased
biodiversity of soil organisms are indicators of biological
damage, which typically results from alterations to the
physical or chemical properties of the organisms
(Sahbudin et al., 2020; Akbar et al., 2022; Ma et al., 2022).

The percentage of dust (65.5%), as opposed to the
percentages of sand (29.5%) and clay (5%), generally
dominates the land use type of pine forests. Dusty clay
is the soil type assigned to this land use type which is
pine forests. Dusty soil is more susceptible to erosion
because of its relatively small size, which makes it easy
for surface flows to carry away. It is more prone to
erosion because its erodibility value rises with dust
fraction. Sand-dominated soils typically have low levels
of erodibility due to their high infiltration capacity and
relatively large sand grain size, which allows water to
pass through more quickly (Emi, 2022; Palloan et al,,
2023; Xiong et al., 2024).

The pine forest use type is soil quality index in Aceh
Besar Regency is classified as medium due to the
average C-organic content (1.77) being in the low
classification and the average volume weight (1.23) in
the pine forest land use type being extremely high. By
increasing soil pore space and creating a crumbly soil
structure, adding organic matter to the soil can lower the
bulk density of the soil. The average bulk density of the
soil at the study site is 1.24 g.cm™, which is marginally
higher than the critical value of less than 1.2 g.cm? for
clayey soils, which is the critical value for healthy
agricultural soil (Poukrel et al., 2022; Ashworth et al.,
2020). A soil unit weight value of greater than 1.2 g cm3
means that the soil has undergone a compaction process
(Farrasati et al., 2019). The low C-organic content at the
research location could be caused by a lack of public
understanding of conservation efforts, especially efforts
to replant pine plants. Adding organic fertilizer during
the soil management process. By enriching the soil with
organic matter, you can improve the soil's ability to
exchange cations, give plants more nutrients, and
produce rich soil that is ideal for plant growth (Raiesi &
Salek-Gilani, 2020; Raiesi, 2017; Sheidai Karkaj et al.,
2019). To maintain the condition of the pine forest land
use type, it is necessary to carry out tree planting and
maintenance programs, as well as efforts to improve the
soil either by liming or by adding organic material
(Lestari, 2023; Hakim et al., 2023).

Table 4. Average Soil Quality Index (SQI) for various types of dryland use in Aceh Besar Regency

. . Standard oo
Soil Quality Index (IKT) Amount Average deviation Criteria
%;r};cei Use Samplel Sample2 Sample3 Sample4 Sample5
Pine forests 0.6264 0.5906 0.5866 0.5884 0.5979 29,899 0.5980 0.015 Medium
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According to Wasis, (2012) states that the primary
source of soil organic matter is organic plant tissue, in
the form of leaves, stems/branches, twigs, fruit, and
roots. Meanwhile, the secondary source is the organic
tissue of fauna including their feces and microflora. The
presence of soil organic matter is very important in
determining the fertility of soil because, in organic
matter, nutrient elements such as total N, essential
nutrients, soil minerals, and so on are stored. The pH
value, C-organic content, and basic cations (Ca?*, Mg?*,
K*, and Na*) are closely related to soil CEC. CEC is a
chemical characteristic of soil that is similar to soil
fertility in that it can both absorb and supply nutrients
to plants. The effective CEC value is often referred to as
base saturation (% BS). Opening of land due to forest
encroachment causes basic cations or essential nutrients
such as Ca and Mg to be washed away by rainwater and
soil erosion. organic matter, stored nutrient elements
such as total N, essential nutrients, soil minerals, and so
on. The pH value, C-organic content, and basic cations
(Ca?*, Mg?*, K+, and Na) are very closely related to soil
CEC. CEC is a chemical characteristic of soil that shares
similarities with soil fertility in terms of its capacity to
both absorb and supply plant nutrients. The effective
CEC value is often referred to as base saturation (% BS).
Opening of land due to forest encroachment causes basic
cations or essential nutrients such as Ca and Mg to be
washed away by rainwater and soil erosion (Zaman et
al., 2023; Purnomo et al., 2022; Cotrufo et al., 2019).

The loss of land cover affects the reduction in total
N content on land caused by the encroachment of pine
forests. When it rains, the potential for surface runoff is
greater, resulting in nitrogen in the form of NO; being
very easily leached with flowing water. The amount of
organic matter and soil microorganisms at that site is
declining, which has an impact on the nitrogen content
as well. Because the composition of the organic material
network contains organic nitrogen elements which are
decomposed by soil microorganisms into nitrogen
available for plants (Wasis, 2012; Melya & Agus
Setiawan, 2014). The reduction in organic matter
following the encroachment of pine forests had a
significant impact on the decrease in phosphorus levels
in open land. One of the influences of organic matter on
soil properties and its consequences on plant growth is
as a source of nutrients N, P, S, microelements, etc. The
potassium content after encroachment is higher than the
potassium content in pine forests. This can be influenced
by the process of washing mineral materials due to
surface runoff (Wasis & Fikri, 2021). Similarly, the low
pH values of H>O, K-exchangeable, P-available, and N-
total show that the pine forest's land use type falls into
the medium category, making it somewhat less fertile.
Improper land management can cause a decrease in soil
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and water quality and a decrease in plant growth
(Hermon et al., 2023; Syamsu & Yusuf, 2019).

Conclusion

The Aceh Besar Regency is a pine forest land use
type is soil quality index falls into the medium category.
Low C-organic content, high volume weight, low pH
H>O, K-exchangeable, P-available, and N-total all
indicate this. Special treatment is required for land used
for pine forests. This treatment includes fertilizing,
reforesting the area with pine plants, and performing
drainage to minimize nutrient leaching from the topsoil
layer.
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