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Abstract

This study aimed to evaluate the chemical properties of soil in melon cultivation land
under chemical fertilizer use in Lam Manyang Village, Peukan Bada District, Aceh
Besar, Indonesia. The research used a survey method with descriptive analysis,
including soil sampling, laboratory analysis, and data processing. The observed
parameters consisted of soil pH, organic carbon (C-organic), total nitrogen (N-total),
available phosphorus (P-available), exchangeable potassium (K-exchangeable), and
cation exchange capacity (CEC). The results showed that most soil chemical properties
were classified as very low, with C-organic ranging from 0.28-0.72%, N-total from 0.05
-0.15%, P-available from 0.70-3.00%, and exchangeable K from 0.08-0.19 cmol kg,
while CEC was categorized as low (10.40-13.60 cmol kg). Soil pH values ranged from
523 to 6.60, indicating acidic to neutral conditions. These findings indicate that
continuous reliance on chemical fertilizers without organic inputs may lead to a
decline in soil chemical quality. Therefore, integrating organic amendments and
balanced fertilization strategies is necessary to improve soil quality and ensure
sustainable melon production.

Keywords: Soil chemical properties, chemical fertilizer, melon cultivation, soil fertility,
Aceh Besar

Introduction

Chemical fertilizers are widely applied in modern agriculture because they provide
nutrients quickly and support rapid plant growth. Despite their benefits, the long-term
use of chemical fertilizers without organic inputs can negatively affect soil quality and
reduce its sustainability. Continuous reliance on inorganic fertilizers may gradually
reduce soil organic matter, disrupt nutrient balance, and weaken the soil’s buffering
capacity (Lal, 2015; Lal, 2020; Zhang et al., 2015).

Soil chemical properties are important because they influence nutrient availability
and directly affect plant growth and productivity. Successful cultivation of Cucumis
melo depends on optimal soil conditions, which promote efficient nutrient uptake and
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superior fruit quality. Parameters such as soil pH, organic carbon, total nitrogen,
available phosphorus, exchangeable potassium, and cation exchange capacity are
commonly used to assess soil fertility (Brady & Weil, 2017; Havlin et al., 2014; Bazaz et
al., 2022).

In this study, soil pH is an important factor because it affects nutrient availability
and microbial activity in the observed melon fields. Acidic soil conditions can reduce
the availability of essential nutrients, such as phosphorus, calcium, and magnesium,
while increasing the solubility of toxic elements, such as aluminum (Guo et al., 2010). In
addition, low organic carbon content is closely associated with poor soil structure,
reduced water-holding capacity, and low cation exchange capacity. Soil organic matter
serves as a key reservoir of nutrients, particularly nitrogen, and plays an essential role
in maintaining soil fertility (Deb et al., 2015; Diacono & Montemurro, 2010).

Nitrogen, phosphorus, and potassium are required in large amounts for melon
growth, particularly during vegetative and reproductive stages. However, excessive
use of chemical fertilizers often results in nutrient losses through leaching,
volatilization, and fixation processes, leading to low nutrient use efficiency (Fageria,
2016; Chen et al., 2011). Furthermore, the absence of organic inputs limits the
replenishment of soil organic matter and contributes to long-term declines in soil
fertility (Yuniarti et al., 2018).

Although chemical fertilizers are widely used in melon cultivation, studies
evaluating their effects on soil chemical properties at the local scale, particularly in
Aceh Besar, Indonesia, remain limited. Most previous studies have focused on crop
productivity and fertilization strategies, while comprehensive assessments of soil
chemical conditions are still lacking.

Therefore, this study aimed to evaluate the chemical properties of soil in melon
cultivation land under chemical fertilizer use in Lam Manyang Village, Peukan Bada
District, Aceh Besar, Indonesia. The findings are expected to provide scientific insights
to improve soil management strategies and promote sustainable Cucumis melo
production.

Methods

Study area

This study was conducted in melon cultivation land located in Lam Manyang Village,
Peukan Bada District, Aceh Besar Regency, Indonesia. The land has been intensively
cultivated using chemical fertilizers for several growing seasons.

Soil sampling

Soil samples were collected from the topsoil layer (020 cm) using a composite
sampling method. Several subsamples were randomly collected from different points
within the study area and combined to obtain a representative sample. The samples
were air-dried, ground, and passed through a 2 mm sieve prior to laboratory analysis
(Brady & Weil, 2017).

Soil chemical analysis

The chemical properties analyzed included soil pH, organic carbon (C-organic), total
nitrogen (N-total), available phosphorus (P), exchangeable potassium (K), and cation
exchange capacity (CEC). Soil pH was measured using a pH meter in a soil-water
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suspension. Organic carbon was determined using the Walkley and Black method, total
nitrogen by the Kjeldahl method, available phosphorus using the Bray I method, and
exchangeable potassium using ammonium acetate extraction. Cation exchange capacity
(CEC) was determined using standard laboratory procedures (Havlin et al., 2014).

Data analysis

The results were analyzed descriptively and compared with soil fertility criteria to
determine soil fertility status. The classification was based on commonly used soil
fertility standards in Indonesia (Hardjowigeno, 2010).

Results and discussion
Soil pH

The results of soil pH measurements at different sampling points are presented in
Table 1. The soil pH values ranged from 5.23 to 6.60, indicating that the soil conditions
varied from acidic to neutral.

Based on the data, the lowest pH value was observed at sampling point S3 (5.23),
followed by S2 (5.32), both of which were categorized as acidic. Meanwhile, S1 had a
pH of 6.12, classified as slightly acidic, and 54 had the highest pH of 6.60, which falls
into the neutral category. These variations suggest heterogeneity in soil chemical
conditions, which may be associated with differences in cropping history and land
management practices among sampling sites. Although detailed records of fertilizer
application and previous land use were not available for all locations, the intensive use
of chemical fertilizers in melon cultivation may contribute to soil pH variation.
Previous studies have shown that long-term application of nitrogen-based fertilizers,
particularly urea and ammonium-containing fertilizers, can accelerate soil acidification
and significantly alter soil chemical properties, resulting in spatial differences in soil
pH within agricultural fields (Guo et al., 2010; Hao et al., 2020; Schroder et al., 2011).

Acidic soil conditions, as observed in S2 and S3, can significantly affect nutrient
availability and plant growth. At low pH levels, the availability of essential nutrients
such as phosphorus (P), calcium (Ca), and magnesium (Mg) tends to decrease due to
fixation and reduced solubility. Conversely, the solubility of potentially toxic elements,
such as aluminum (Al) and iron (Fe), increases, potentially inhibiting root development
and reducing nutrient uptake efficiency (Lal, 2020).

The dominance of acidic conditions in most sampling points indicates that soil
acidification has likely occurred in the study area. This condition is commonly
associated with the long-term use of chemical fertilizers, particularly nitrogen-based

Table 1

Soil pH values at different sampling points in melon cultivation land in Lam Manyang Village, Aceh Besar.

Sample Soil pH Category
S1 6.12 Slightly acidic
52 5.32 Acidic
S3 5.23 Acidic
S4 6.60 Neutral
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fertilizers such as urea and ammonium, which release hydrogen ions (H*) during
nitrification, thereby lowering soil pH over time (Zhang et al., 2015). Similar acidic soil
conditions have been reported in intensive melon cultivation systems and other
tropical agricultural soils where continuous fertilizer application is practiced. Previous
studies have shown that soil pH in cultivated tropical soils frequently ranges from
moderately acidic to acidic due to prolonged nitrogen fertilizer inputs and nutrient
removal through harvest. The pH values observed in the present study are therefore
consistent with findings reported for intensively managed horticultural lands in
tropical regions, indicating that fertilizer management plays an important role in
determining soil acidity and overall soil quality (Guo et al., 2010; Hao et al., 2020).

In contrast, the neutral pH observed at 54 suggests relatively better soil chemical
conditions. Soils with neutral pH generally provide optimal conditions for nutrient
availability, microbial activity, and root development. Most horticultural crops,
including Cucumis melo, perform optimally at soil pH values between 6.0 and 7.0,
where nutrient availability is maximized, and toxicity risks are minimized (da Silva et
al., 2019).

The slightly acidic condition observed at S1 (pH 6.12) is still considered suitable for
melon cultivation, although continuous acidification may eventually reduce soil
fertility if not properly managed. Therefore, maintaining soil pH within the optimal
range is crucial for sustainable crop production. Based on these findings, soil
management strategies should be implemented to improve and stabilize soil pH,
particularly in acidic areas (52 and S3). Liming application is recommended to
neutralize soil acidity and increase pH. At the same time, incorporating organic matter,
such as compost, can enhance soil buffering capacity and improve overall soil chemical
properties. These practices are essential to support sustainable melon production in the
study area.

Soil organic carbon

The results of soil organic carbon (C-organic) analysis at different sampling points are
presented in Table 2. The C-organic content ranged from 0.28% to 0.72%, and all
sampling points were classified as very low.

The lowest C-organic content was observed in S1 (0.28%), followed by S4 (0.50%)
and S3 (0.53%), while the highest was observed in S2 (0.72%). Despite these variations,
all values remain within the very low category of soil organic carbon. According to the
soil fertility criteria established by the Indonesian Ministry of Agriculture, C-organic
content is classified as very low (<1.00%), low (1.00-2.00%), moderate (2.01-3.00%),

Soil organic carbon (C-organic) content at different sampling points in melon cultivation land in Lam Manyang Village, Aceh

Besar.

Sample C-organic (%) Category
S1 0.28 Very low
52 0.72 Very low
S3 0.53 Very low
54 0.50 Very low
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Table 3

high (3.01-5.00%), and very high (>5.00%). Therefore, the C-organic values observed in
this study indicate limited nutrient reserves in the soil, suggesting poor soil organic
matter status across the study area. Soil organic carbon is a key indicator of soil fertility,
as it plays an essential role in improving soil structure, water retention, and nutrient
availability. Organic matter acts as a reservoir of nutrients and contributes significantly
to soil aggregation and biological activity (Lal, 2020; Oldfield et al., 2019).

The very low C-organic content observed in this study is likely associated with
intensive agricultural practices and the continuous use of chemical fertilizers without
organic inputs. The absence of organic amendments reduces the replenishment of soil
organic matter, while ongoing cultivation accelerates decomposition. In tropical
environments, high temperature and rainfall further enhance microbial activity,
leading to rapid mineralization of organic matter and depletion of soil carbon stocks
(Lal, 2020).

In addition, removing crop residues without returning them to the soil disrupts
nutrient cycling and reduces organic matter inputs. This practice contributes
significantly to the decline of soil organic carbon levels. Low C-organic content also
affects other soil properties, particularly cation exchange capacity (CEC) and nutrient
retention. Soils with low organic matter have fewer negative charge sites, resulting in
reduced capacity to retain essential nutrients such as potassium, calcium, and
magnesium. Consequently, nutrients are more prone to leaching losses, reducing
fertilizer use efficiency (Zhang et al., 2015).

To improve soil organic carbon levels, the application of organic amendments such
as compost, manure, and crop residues is strongly recommended. These practices can
increase soil carbon stocks, enhance soil structure, stimulate microbial activity, and
improve nutrient cycling, thereby supporting sustainable soil fertility management.

Total nitrogen (N-total)

The results of total nitrogen (N-total) analysis at different sampling points are
presented in Table 3. The N-total content ranged from 0.05% to 0.15%, and all samples
were classified as very low.

The highest N-total content was observed in S1 (0.15%), followed by S3 (0.13%) and
52 (0.08%), while the lowest observation was recorded in S4 (0.05%). Despite these
variations, all values fall within the very low category, indicating a severe limitation of
nitrogen availability across the study area. Nitrogen is a fundamental macronutrient
required for plant growth, particularly in the synthesis of chlorophyll, proteins, and
nucleic acids. Low nitrogen availability can restrict vegetative growth, reduce leaf area,
and ultimately decrease crop productivity. In melon, nitrogen plays a crucial role

Total nitrogen (N-total) content at different sampling points in melon cultivation land in Lam Manyang Village, Aceh Besar.

Sample N-total (%) Category
S1 0.15 Very low
52 0.08 Very low
S3 0.13 Very low
54 0.05 Very low
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Table 4

during early growth stages, influencing plant vigor and yield potential.

The very low N-total content observed in this study is closely linked to the low soil
organic carbon content (Table 3), as soil organic matter serves as the primary reservoir
of nitrogen. Nitrogen becomes available to plants mainly through the mineralization of
organic matter; therefore, low organic carbon directly limits nitrogen supply (Oldfield
et al., 2019; Lal, 2020). In addition, nitrogen losses through leaching, volatilization, and
denitrification are common in intensively managed agricultural systems, especially
under tropical conditions with high rainfall. These processes significantly reduce soil
nitrogen reserves over time (Zhang et al., 2015, Zhou et al, 2016). Long-term
fertilization without balanced nutrient management can also reduce nitrogen use
efficiency. A substantial portion of applied nitrogen may be lost to the environment
rather than utilized by plants, particularly in soils with low organic matter and weak
nutrient retention capacity (Coskun et al., 2017; Nicholson et al., 2017).

Furthermore, the continuous removal of crop residues without returning them to
the soil disrupts nitrogen cycling and reduces organic inputs, thereby accelerating
nitrogen depletion. This condition is typical of intensive horticultural systems where
soil sustainability is often overlooked.

Overall, the very low nitrogen levels indicate that the soil cannot support optimal
melon growth without external inputs. Therefore, integrated nutrient management
strategies are required, including the application of organic amendments and balanced
fertilization. The incorporation of organic materials such as compost and manure can
gradually improve nitrogen availability while enhancing soil structure and microbial
activity.

Available phosphorus (P-available)

The results of available phosphorus (P-available) analysis are presented in Table 4. The
P-available values ranged from 0.70 ppm to 3.00 ppm, and all samples were classified

as very low.

The highest P-available content was observed at S2 (3.00 ppm), followed by S3 (2.00
ppm) and S4 (1.00 ppm), while the lowest value was observed at S1 (0.70 ppm). Despite
these differences, all sampling points remained within the very low category,
indicating limited phosphorus availability across the study area. Phosphorus is an
essential macronutrient that plays a critical role in energy transfer, root development,
and reproductive processes in plants. In melon, phosphorus is particularly important
for early root growth and fruit development. However, phosphorus availability in soil
is strongly influenced by soil pH and chemical reactions that lead to fixation.

Available phosphorus (P-available) at different sampling points in melon cultivation land in Lam Manyang Village, Aceh

Besar.

Sample P-available (ppm) Category
S1 0.70 Very low
52 3.00 Very low
S3 2.00 Very low
54 1.00 Very low
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The very low P-available levels observed in this study are closely related to the soil
pH conditions (Table 1), which ranged from acidic to neutral. In acidic soils,
phosphorus tends to be fixed by aluminum (Al) and iron (Fe), forming insoluble
compounds that are not readily available to plants. This process significantly reduces
phosphorus availability, even when total phosphorus content in soil is sufficient
(Zhang et al., 2015; Lal, 2020).

In addition, the low soil organic carbon content (Table 2) may further limit
phosphorus availability. Organic matter contributes to phosphorus availability by
forming complexes with Al and Fe, thereby reducing phosphorus fixation and
increasing its solubility. Therefore, low organic matter content can exacerbate
phosphorus deficiency in soil (Oldfield et al., 2019). Continuous application of chemical
fertilizers without proper management may also lead to inefficient phosphorus use. A
significant portion of applied phosphorus can become fixed in the soil and unavailable
to plants, especially under acidic conditions and in soils with low buffering capacity.

The consistently very low P-available values across all sampling points indicate that
phosphorus is a limiting factor for melon cultivation in the study area. Therefore,
appropriate soil management practices are required to improve phosphorus
availability. These include liming to increase soil pH, applying organic amendments to
reduce phosphorus fixation, and using balanced fertilization strategies.

Furthermore, the integration of organic fertilizers and slow-release fertilizers has
been reported to improve phosphorus availability and enhance nutrient use efficiency
in tropical agricultural systems.

Exchangeable potassium (K-dd)

The results of soil chemical analysis in melon cultivation land under chemical fertilizer
use in Aceh Besar, Indonesia, showed that exchangeable potassium (K-dd) ranged from
0.08 to 0.19 cmol kg across all sampling sites (Table 5). All samples (S1-S4) were
consistently classified as very low, indicating a uniform deficiency of available
potassium in the studied soils. Among the samples, S1 exhibited the lowest K-dd value
(0.08 cmol kg), while 54 showed the highest value (0.19 cmol kg). Despite this slight
variation, the overall potassium status remained critically low, suggesting that current
soil management practices, including chemical fertilizer use, have not been sufficient to
build or maintain exchangeable potassium levels.

The very low K-dd status may be associated with continuous cropping systems in
melon cultivation areas, where nutrient removal through harvest exceeds nutrient
replenishment from fertilization. Although chemical fertilizers are applied, potassium

Exchangeable potassium (K-dd) content in soil samples.

Sample K-dd (cmol kg™) Category
S1 0.08 Very low
S2 0.12 Very low
S3 0.11 Very low
S4 0.19 Very low
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Table 6

inputs may not be adequately balanced with crop demand or may be subject to
leaching losses, particularly under the high rainfall typical of Aceh Besar (Rosolem et
al., 2010). Soil texture and low cation exchange capacity may further contribute to
limited potassium retention in the soil exchange complex.

Potassium plays an essential role in physiological processes, including enzyme
activation, osmotic regulation, and carbohydrate transport, which are critical for melon
growth and fruit development. Therefore, the consistently low K availability observed
in this study suggests a potential nutrient constraint that may limit crop productivity if
left unaddressed.

These findings suggest that reliance solely on chemical fertilizers without integrated
soil fertility management may not be sufficient to improve soil potassium status. An
integrated approach combining balanced fertilization, especially potassium
supplementation, along with soil organic matter enhancement, is necessary to improve
nutrient retention and sustain soil fertility in melon cultivation systems in Aceh Besar.

Cation exchange capacity (CEC)

The results of soil chemical analysis in melon cultivation land under chemical fertilizer
use in Aceh Besar, Indonesia, showed that cation exchange capacity (CEC) values
ranged from 10.40 to 13.60 cmol kg™ (Table 6). All soil samples (51-54) were classified
as having low CEC, indicating a generally limited ability to retain and exchange

nutrient cations.

Among the samples, S2 exhibited the lowest CEC value (10.40 cmol kg™), while 54
showed the highest value (13.60 cmol kg). Although slight variation was observed
among sampling sites, all values remained within the same fertility class, suggesting
that soil exchange capacity in the study area is relatively uniform but generally poor.

The low CEC values indicate that the soil has a limited capacity to retain essential
nutrient cations such as K*, Ca?, Mg?, and NH," This condition is commonly
associated with soils dominated by low-activity clay minerals or with low organic
matter content. In such soils, nutrients are more susceptible to leaching losses.
Potassium losses through leaching have been widely reported in tropical agricultural
soils, especially in areas experiencing high rainfall and intensive cultivation practices
(Rosolem et al., 2010).

In the context of chemical fertilizer use, low CEC is a critical constraint because it
reduces nutrient use efficiency. Even though fertilizers are applied, a significant portion
of nutrients may not be retained in the soil exchange complex and can be lost before
being absorbed by plants. This condition may partly explain the low exchangeable

Cation exchange capacity (CEC) of soil samples.

Sample CEC (cmol kg™) Category
S1 11.20 Low
52 10.40 Low
S3 11.20 Low
54 13.60 Low
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potassium (K-dd) observed in this study, as both parameters are closely related.

Therefore, improving soil CEC by adding organic matter is essential. Organic
amendments can enhance soil structure, increase the number of negative charge sites,
and improve nutrient retention capacity. Integrating organic inputs with chemical
fertilization is recommended to improve soil fertility, sustainability, and nutrient
efficiency in melon cultivation systems in Aceh Besar.

Conclusion

The evaluation of soil chemical properties in melon cultivation land under chemical
fertilizer use in Aceh Besar, Indonesia, revealed generally poor soil fertility conditions
across all sampling sites. Soil pH ranged from acidic to neutral (5.23-6.60), with most
locations showing acidic conditions, indicating early stages of soil acidification likely
associated with long-term use of nitrogen-based fertilizers. Soil organic carbon was
very low, ranging from 0.28 to 0.72 percent, followed by very low total nitrogen
content, ranging from 0.05 to 0.15 percent, reflecting limited organic matter input and
weak nutrient cycling in the system.

Similarly, available phosphorus, namely 0.70 to 3.00 ppm, and exchangeable
potassium, namely 0.08 to 0.19 cmol kg™, were both classified as very low across all
sampling points, indicating strong limitations in macronutrient availability for melon
production. The cation exchange capacity was also low, ranging from 10.40 to 13.60
cmol kg™, confirming the soil’s limited ability to retain essential nutrients and its high
susceptibility to nutrient leaching.

Overall, the results indicate that continuous chemical fertilizer application without
sufficient organic matter input has not been effective in maintaining soil fertility status.
The combination of low organic carbon, low nutrient availability, and low cation
exchange capacity suggests a declining soil quality trend that may constrain
sustainable melon production in the study area.

Therefore, integrated soil fertility management is strongly recommended, including
balanced fertilization, organic amendments such as compost or manure, and soil pH
management through liming. These practices are essential for improving nutrient
availability, enhancing soil chemical properties, and supporting sustainable melon
cultivation in Aceh Besar.
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