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Abstract- The Mamasa Subwatershed in Indonesia faces
significant challenges due to soil degradation,
characterized by high erosion and sedimentation rates,
leading to nutrient and economic losses. This study
analyzes the impact of these issues on nutrient loss and
associated economic costs, focusing on nitrogen (N),
phosphorus (P), and potassium (K). Sediment samples
were collected from upstream, middle, and downstream
areas, revealing that the upstream region experiences the
highest sedimentation (6,716.21 tons/ha/year) and nutrient
losses (94.02 kg N, 12.63 kg P, and 22.16 kg K per hectare
annually). Economic losses due to nutrient depletion,
calculated using the replacement cost of fertilizers, are
estimated at IDR 4.5 billion annually for subsidized
fertilizers and IDR 23.7 billion for non-subsidized
fertilizers. Key contributing factors include steep slopes
(25-45% and >45%), shifting cultivation, and inadequate
conservation practices. This degradation significantly
impacts soil fertility, reducing agricultural productivity
and imposing financial burdens on farmers. The study
highlights the need for integrated watershed management,
emphasizing soil conservation techniques such as
terracing, agroforestry, and farmer education on
sustainable practices. These measures could mitigate
erosion, reduce nutrient loss, and enhance soil recovery,
contributing to the sustainability of the Mamasa Sub-
watershed ecosystem and improving local livelihoods.
This research underscores the critical need for data-driven,

multidisciplinary approaches to address watershed
management's  ecological, economic, and social
dimensions. By implementing effective strategies,

stakeholders can achieve more sustainable land use and
mitigate the adverse effects of soil degradation.

Keywords- Economic loss, Nutrient Loss, Sedimentation,
Soil Degradation, Watershed.

1. INTRODUCTION

Soil degradation can occur due to nutrient loss, soil
saturation, and erosion. This leads to decreased soil
productivity and a loss of soil's ability to regulate water
balance. Soil degradation is often exacerbated by
deforestation and land degradation, which reduce the
effective area of forest vegetation. As a result, vegetation
can no longer function as a protection sub-system within

the overall watershed system. One of the watersheds of
concern is the Mamasa Sub-watershed, which is
categorized as a priority watershed based on the Decree of
the Ministry of Environment. Mamasa Sub-watershed
covers a cross-province area in South Sulawesi and West
Sulawesi with 104,680.52 hectares. Research by Anila et
al. (2020) and Isra et al. (2023) confirmed that soil
degradation in this watershed area seriously affects
ecosystem function and natural resource sustainability.

The condition of the Mamasa Sub-watershed shows a
significant decline in the quality and quantity of forests.
This decline affects the function of the forest ecosystem
and results in land degradation, especially on agricultural
land. This degradation is caused by high erosion and
sedimentation rates. Sedimentation is highest in the
upstream area, where sedimentary materials are carried by
water flow to the middle and downstream areas of the
watershed. The accumulation of sedimentation affects the
turbidity of river water, reduces water quality, and
increases the sediment load along the watershed. Studies
by (Budiati et al., 2024; Mosi et al., 2024; Saputra, 2019)
show that increased sedimentation in the upstream
watershed significantly affects water quality and
ecosystem functions in the downstream watershed,
emphasizing the importance of integrated management to
mitigate its impacts.

Land clearing for crops such as maize, coffee, and cocoa
and uncontrolled shifting cultivation practices in the upper
Mamasa Sub-watershed increase erosion and exacerbate
the loss of nutrients such as Nitrogen (N), phosphorus (P),
and potassium (K) in the topsoil. Studies by (Auliyani,
2020; Hana H et al., 2021) show that such farming
practices contribute significantly to accelerated erosion
and land degradation. Nutrients carried by surface runoff
cause a decline in soil fertility, resulting in very poor-
quality agricultural land. Physically and chemically, soils
in these areas lose their carrying capacity to support
optimal plant growth (Mir & Patel, 2024; Silva et al., 2024)

Nutrient losses due to erosion and sedimentation affect
land productivity and have significant economic
implications. The concept of replacement cost, or the cost
of replacing nutrients through fertilizer use, can be used to
measure these economic losses. The cost incurred by
farmers to replace lost nutrients is an actual loss that can

—_9_


https://creativecommons.org/licenses/by-sa/4.0/

Buletin Poltanesa Vol. 26 No. 1 (June 2025) 09-17 p-ISSN 2721-5350 e-ISSN 2721-5369

Isra, N., & Layuk, C. P. T. (2025). Nutrient Loss and Economic Loss Due to Sedimentation in Mamasa Sub-Watershed. Buletin Poltanesa, 26(1).
https://doi.org/10.51967/tanesa.v0i0.3250

be an important indicator in evaluating the extent of land
degradation (Jang et al., 2021; Wang et al., 2022).

Research shows that erosion and sedimentation impacts
in the Mamasa Sub-watershed are not fully understood
holistically, especially in the context of economic losses
caused by nutrient loss. More in-depth analysis is needed
to bridge this information gap. Studies by (Hasthi et al.,
2023; N. A. Jariyah, 2020) suggest that a data-driven
approach is required in order to understand the relationship
between sedimentation patterns and their impact on
watershed ecosystems. Thus, research can focus on
identifying the primary sources of erosion and
sedimentation patterns and calculating replacement costs
for policymaking.

Considering the various aspects of soil degradation,
nutrient loss, and economic impacts, management of the
Mamasa Sub-watershed must be based on comprehensive
data and analysis. Gap analysis from previous research
shows the need for a multidisciplinary approach to
integrate ecological, economic, and social aspects. Studies
such as those conducted by (Fajeriana & Ali, 2024; N.
Jariyah & Pramono, 2018) support the importance of a
multidisciplinary approach for successful watershed
management. The results of this study are expected to be
the basis for more effective and sustainable watershed
management policies while improving the community's
welfare around the Mamasa Sub-watershed.

Although this study provides a comprehensive overview
of the impact of soil nutrient loss on the economy and
ecosystems in the Mamasa sub-watershed, there are
several limitations to note. First, the analysis only covers
the primary nutrients (N, P, K) without considering other
micronutrients affecting soil productivity. Second,
calculating economic losses uses assumptions of fertilizer
prices and sedimentation data that may change over time.
Third, data collection was carried out at specific points, so
it did not fully represent the overall conditions of the sub-
watershed.

II. METHODS

The research was conducted in the Mamasa Sub-
watershed, which covers two districts, namely Mamasa
district and Pinrang district, which is geographically
located between 3°30'00"-2°51'00 "N and 119°15'00"-
119°45'00 "E, the research location can be seen in Figure
1. This watershed area, located between South Sulawesi
and West Sulawesi, is where sediment and nutrient
analysis were carried out for the study. = Watershed
boundaries is design to identify the geographical
boundaries and specifics of the research location, which is
critical for understanding the sedimentation patterns and
nutrient loss that affect the ecosystem and agricultural
productivity in this area. Sediment analysis was conducted
at the Soil Chemistry and Fertility Laboratory, Department
of Soil Science, Faculty of Agriculture, Hasanuddin
University, Makassar, from December 2024 until
completion.
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Figure 1. Research site covers the Mamasa Sub-
watershed, which is located between Mamasa and
Pinrang regencies, in South Sulawesi and West Sulawesi.

Sediment sampling is conducted at the location of
sediment deposits, namely at Bakaru dam and outlet points
in the upstream, middle, and downstream sub-watersheds.
Basic sediment samples are taken and assumed to
represent sediment accumulation throughout the year, in
order sampling is not influenced by the season. Sediment
sampling, by lowering the water sampler in a closed
condition slowly and straight up to the river water level, %
of the depth from the water surface to the riverbed.

A. Sediment Analysis Using SWAT

The SWAT simulation process begins with the selection
of the time frame to be simulated, which is done through
the SWAT Run mode available in the SWAT Simulation
menu. This mode allows the user to define the period for
the simulation, whether it is daily, monthly, or annual,
based on the specific needs of the study. Once the
simulation is complete, the resulting output data can be
accessed by selecting the "Read SWAT Output" option.

The data produced from the simulation is typically
presented in the form of daily, monthly, or annual datasets.
These options can be tailored within the simulation process
to reflect the desired frequency and granularity of the
output. Once the data is obtained, users can view the
simulation results by navigating to the Hydrology menu or
other relevant sections within the system that allow for
detailed analysis of the results.

In particular, the sediment data from the SWAT
simulation is of significant importance. The sediment
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values, which are a crucial part of the analysis, will be
classified into several distinct categories. These
classifications are based on the average sediment value
ranges outlined in the SNI 03-1964-2008 standard. This
classification process enables the data to be contextualized
according to the relevant environmental and regulatory
standards, providing a clearer understanding of the
sediment dynamics within the studied watershed.

By utilizing these simulation and classification
capabilities, researchers and environmental managers can
gain valuable insights into hydrological and sediment
transport processes, enabling them to make informed
decisions regarding watershed management, soil
conservation, and related environmental strategies.

B. Sediment Chemical Properties Analysis

Nutrients can be lost because they are in the top layer of
soil, which is susceptible to erosion. Erosion always
reduces soil fertility and organic matter (Jamalludin et al.,
2023). If erosion continues on the soil surface, clay and
humus particles and other soil particles rich in elements
needed by plants will be transported (Miardini et al., 2016)

Under erosion conditions, the fine fraction of soil will
be transported first and then more than the coarse fraction,
so the clay content in the eroded sediment will be higher
than in the original soil. This is related to the transport
capacity of different surface flows to transport particles
with different specific gravity. This is referred to as erosion
selectivity. Erosion selectivity causes the nutrient content
in the sediment to be higher than the nutrient concentration
in the original soil (Pramono et al., 2024)

The analysis of sediment chemical properties to
determine the nutrient content of Nitrogen, Phosphorus,
and Potassium carried out consisted of N-total with the
Kjeldahl method, P-available with the P-Bray method, and
K-dd with the NH40OAc pH 7 method. This study did not
measure the chemical properties dissolved in surface flow.

C. Economic Loss Analysis

The economic loss analysis method used in this research
uses the replacement cost approach to assess nutrients lost
due to erosion. Erosion not only moves soil particles but
also causes the loss of nutrients in the soil. N, P, and K
nutrient content in Mamasa Sub Watershed.

The amount of nutrients lost is the multiplication of the
amount of soil sedimented by the proportion of the nutrient
content of one ton of eroded soil.

Nutrient loss is calculated based on the volume of
sedimentation that occurs in a particular area. The formula
used:

nutrition loss (kg/ha) = sed - uh @)
Where (1)
nutrition : The total amount of nutrients lost per

loss hectare of soil due to erosion, this is
calculated for each nutrient type (Nitrogen,
Phosphorus, Potassium) (kg/ha).

sed : the amount of sediment that erodes and
accumulates in the area per hectare per year,
this sediment carries nutrients that are lost
from the soil (ton/ha).

uh : The amount of nutrients (such as Nitrogen,
Phosphorus, Potassium) in one ton of
sediment, this value is calculated based on
chemical analysis of sediments taken from
the study area (kg/ton)

Equation (1) calculates separately for each nutrient (N,
P, and K) to get a detailed picture of the extent of loss in
each watershed area. The sed in the formula describes
sedimentation (tons/ha), and the u/ describes the Nutrient
content (per ton of sediment).

The fertilizer price calculates the replacement cost to
restore lost nutrients. The fertilizers used are urea fertilizer
for Nitrogen (N) and NPK fertilizer for phosphorus (P) and
potassium (K). Fertilizer prices can be subsidized or non-
subsidized, depending on the desired calculation scenario.
The agricultural land in each watershed area is obtained
from remote sensing data and field surveys.

economic loss (IDR) = nutrient loss (kg) - fertilizer prices ([DR/kg) (2)

Where (2)

economic : Economic loss is calculated as the cost

lost required to replace nutrient losses in the
soil, this is calculated for each type of
fertilizer (urea and NPK) and is calculated
separately based on whether the fertilizer
used is subsidized or not (IDR).

nutrient The total amount of nutrients lost per

loss hectare of soil due to erosion this is
calculated for each nutrient type
(Nitrogen,  Phosphorus,  Potassium)
(kg/ha).

fertilizer Price per unit of fertilizer used to replace

prices lost nutrients (IDR/kg).

Equation (2) calculates economic losses by multiplying
the nutrients lost by the relevant fertilizer price. This
calculation is done for each type of fertilizer and added up
to get the total economic loss.

This study also includes a sensitivity analysis to changes
in fertilizer prices to increase the validity of calculating
economic losses. This analysis uses a scenario of a 10%,
20%, and 30% increase and decrease in fertilizer prices
from the initial price (for subsidized and non-subsidized
fertilizers). This sensitivity is designed to identify how
much fertilizer price variability can affect the estimation of
economic losses due to soil nutrient depletion.

III. RESULTS AND DISCUSSION

Sediment yield is the amount of sediment derived from
erosion in the catchment area measured over a specific
period and place. The following is the broad distribution
of sedimentation values in the Mamasa Sub-watershed in
Table 1. The high level of sedimentation in the Mamasa
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Sub-watershed results in siltation of the river, narrowing
of the river line, changes in flow, and flooding due to the
low river floor.

Sedimentation in the Mamasa Sub-watershed results
from an erosion process that carries soil and particles to the
water body with a slowed water velocity level. Based on
data from SWAT modeling, sedimentation in the Mamasa
Sub-watershed is divided into five classes based on

intensity. The upstream area shows the highest
sedimentation value, especially in Mamasa and
Sesenapadang sub-districts, with most of the areca
belonging to the high sedimentation class (class 2 to class
5). This condition causes turbidity of river water, which
can have a negative impact on ecosystems and water
quality (Isra et al., 2023)

Table 1 . Sedimentation of the Mamasa Sub-watershed area.

Sedimentation Watergh cd Arca
No. Value (tons/ha) Upstream Middle Downstream Total (ha) %
Area (ha) % Area (ha) % Area (ha) %
1 <10 562,59 2 4.615,68 12 15.114,92 39 20.293,18 20
2 10-250 23.331,42 g4 33.479,04 88 23.760,68 61 80.571,14 79
3 251-450 2.081,26 8 0 o 0 o 2.081,26 4
4 450-1000 0 o 0 o 0 o 0,00 0
5 >1000 1.733,33 6 0 o 0 o 1.733,33 2
Total 27.708,60 38.094,72 38.875,60 104.680,52 100

In the middle and lower reaches of the Mamasa Sub-
watershed, sedimentation results not only from local
erosion but also from the accumulation of sediment carried
from the upstream areas. The sediment load increases as
the water flows downstream, creating significant pressure
on the entire watershed system. Sub-districts such as Balla
and Sumarorong in the central region, along with Lembang
in the downstream area, exhibit substantial sedimentation
values, with most of the sedimentation classified as class 2
and class 3, indicating moderate to high levels of
deposition. This sediment accumulation is a direct
consequence of both natural erosion processes and human
activities such as agriculture and land clearing in the upper
watershed.

The accumulation of sediment throughout the
watershed has far-reaching effects on the river's health and

hydrology. As sediment builds up, it leads to river siltation,
which significantly reduces the depth and flow capacity of
rivers. Over time, this siltation causes stream constriction,
narrowing the riverbed and restricting the movement of
water. These changes in river flow patterns exacerbate the
already vulnerable situation in the downstream areas, as
the reduced flow capacity results in increased flooding
risks, especially during heavy rainfall or periods of intense
runoff. (Isra et al., 2023).

The amount of N, P, and K nutrients lost as a result of
being carried away by erosion and surface flow, which is
then sedimented in the river, obtained from the analysis of
sediment samples in the wupstream, middle, and
downstream areas of the subwatershed, is presented in
Table 2.

Table 2. Results of nutrient analysis of N, P, and K in river sediment samples

Nutrient Analysis Results

Nutrients (1 ton of soil)

Watershed Area =0 S lke) P (ppm) N (%) K (gram) P (gram) N (kg)
Upstream 0,25 18,65 0,14 25 18,65 1,4
Middle 0,31 23,48 0,08 31 23,48 0,8
Downstream 0,33 18,82 0,14 33 18,82 1,4
Total 0,89 60,95 0,36 89 60,95 3,6

Nutrients lost through runoff and erosion are the product
of the runoff volume and the runoff's nutrient content, as
well as the product of the weight of eroded sediment and
the sediment's nutrient content. Based on the Table, the N-
total nutrient element is more significant than the nutrients
P and K in 1 ton of soil in each Sub-watershed area; this is
because, in addition to the use of NPK fertilizer, farmers
also apply urea fertilizer on agricultural land. This is in

response to the statement (Palacino et al., 2024), which
states that Nitrogen levels in the soil vary depending on the
management and use of the land because the element N in
the soil is mobile. In addition, N can be sourced from
applying urea fertilizer, while N loss can occur through
denitrification, volatilization, crop transport, leaching, and
soil surface erosion. Nutrient losses per hectare of
agricultural land are shown in Table 3.

— 12—



Buletin Poltanesa Vol. 26 No. 1 (June 2025) 09-17 p-ISSN 2721-5350 e-ISSN 2721-5369

Isra, N., & Layuk, C. P. T. (2025). Nutrient Loss and Economic Loss Due to Sedimentation in Mamasa Sub-Watershed. Buletin Poltanesa, 26(1).
https://doi.org/10.51967/tanesa.v0i0.3250

Table 3. Nutrient losses per hectare on agricultural land

Watershed Sediment Nutrients (1 ton of soil) Total Nutrient Loss (tons/ha)
Area (tons/ha/year) K (gram) P (gram) N (kg) K (kg) P (kg) N (kg)
Upstream 6716,21 25 18,65 1,4 22,16 12,63 94,02
Middle 4872,06 31 23,48 0,8 15,1 11,43 38,97
Downstream 1445,83 33 18,82 1,4 36,14 26,96 20,24
Total 13034,1 89 60,95 3,6 73,4 51,02 153,23

In the upper and middle sub-watershed areas, N nutrient
loss is the largest nutrient loss compared to P and K
nutrients. Variations in Nitrogen content in the soil occur
due to changes in topography. The slope influences the
difference in Nitrogen content. This is by the statement put
forward by (Putri, 2021) that the amount of soil loss causes
the low Nitrogen in the soil to a steeper slope through
erosion. According to (Sundari, 2022) nutrient loss is
dominated by N because this nutrient has high mobility.
Nitrogen loss through erosion has a significant impact
because Nitrogen is concentrated at the top of the soil
profile in larger quantities than other nutrients (Amprin et
al., 2020).

Erosion leads to the loss of essential nutrients in the soil,
which in turn results in reduced soil productivity and
compromised agricultural output. The loss of nutrients
such as Nitrogen (N), Phosphorus (P), and Potassium (K)
can significantly impact crop yields and soil health. To
quantify the economic impact of these nutrient losses, the
cost of purchasing fertilizers to restore soil fertility is often
used as a metric (Bindraban et al., 2019; N. A. Jariyah,
2019).

The nutrients analyzed in these studies, specifically N,
P, and K, are critical for plant growth and development.

Nitrogen is essential for vegetative growth, phosphorus
supports root development and flowering, and potassium
contributes to overall plant health and resistance to
diseases. When these nutrients are washed away due to
erosion, it is necessary to replace them to maintain soil
fertility and ensure sustained agricultural productivity.

The cost of replacing the lost nutrients is approximated
by the cost of purchasing commonly used fertilizers, such
as Urea fertilizer for nitrogen and NPK (Nitrogen,
Phosphorus, Potassium) fertilizers for a broader spectrum
of nutrient replenishment. These costs provide a practical
way to assess the economic consequences of soil erosion,
highlighting the need for effective soil conservation
measures to prevent nutrient loss and safeguard
agricultural investments. This method also underscores the
importance of understanding the financial implications of
soil erosion and its impact on sustainable farming
practices.

The cost of replacing nutrient losses in the research area
when using subsidized NPK and urea fertilizers is
presented in Table 4. The cost of replacing nutrient losses
in the study area when using NPK fertilizer and non-
subsidized urea is presented in Table 5.

Table 4. Cost of replacing nutrient losses (subsidized fertilizer use)

Wafrr;;ed Agrlcultu?ill;gand Area Total Nutrient Loss (kg) NPK fertilizer (IDR) Urea fertilizer (IDR)
Upstream 24.936,2 668.027 1,536,461,395 1,097,101,986
Middle 32.783,62 405.927 933,632,284 543,400,018
Downstream 38.938,13 904.183 2,079,621,273 494,078,488
Total 96.657,95 1.978.137 1,536,461,395 2,134,580,493
Table 5. Economic losses due to nutrient loss (non-subsidized fertilizer use)
Watershed Area Agr‘C“'mEiL)La“d ATe8 1 tal Nutrient Loss (kg)  NPK fertilizer (IDR)  Urea fertilizer (IDR)
Upstream 24.936,2 668.027 8,016,320,321 4,388,407,945
Middle 32.783,62 405.927 4,871,124,960 2,173,600,073
Downstream 38.938,13 904.183 10,850,197,946 1,976,313,953
Total 96.657,95 1.978.137 23,737,643,227 8,538,321,971

The economic loss value of Mamasa Sub-watershed is
the sum of the cost of nutrients lost due to erosion and the
area of agricultural land in each watershed area.
Agricultural land used in the upstream and middle areas of
the Mamasa watershed includes corn, mixed gardens, and
rice fields. For the downstream area of the Mamasa
watershed, the land use consists of corn, cocoa, coffee,
mixed gardens, and rice fields. The analysis of economic
losses using agricultural land area assumed that fertilizer
use is only on agricultural land. The analysis results show

that the value of economic losses in the Mamasa Sub
Watershed for subsidized fertilizers is 4.5 billion IDR per
year for using NPK fertilizers and 2.1 billion IDR per year
for using urea fertilizers. The economic loss if using non-
subsidized NPK fertilizer is 23.7 billion IDR annually, and
8.5 billion IDR per year for the use of urea fertilizer.
Increased fertilizer costs due to the loss of soil nutrients
put significant economic pressure on smallholder farmers
in the Mamasa Sub-watershed. Data shows that the loss of
N, P and K nutrients requires additional expenditure on
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fertilizer purchases, both subsidized and unsubsidized. For
example, the value of economic losses reaches IDR 4.5
billion per year for subsidized fertilizers and jumps to IDR
23.7 billion per year for non-subsidized fertilizers.

The results of the sensitivity analysis show that changes
in fertilizer prices have a significant impact on the
calculation of economic losses. With a 10% increase in
fertilizer prices, economic losses in the Mamasa Sub-
Watershed increased from IDR 4.5 billion to IDR 4.95
billion for subsidized fertilizer, and from IDR 23.7 billion
to IDR 26.07 billion for non-subsidized fertilizer.
Conversely, a 10% decrease in fertilizer prices reduces
losses to IDR 4.05 billion for subsidized fertilizers and IDR
21.33 billion for non-subsidized fertilizers. This trend is
even more evident with more significant price increases or
decreases (20%-30%). This analysis shows that fertilizer
prices are a sensitive factor in determining the economic
burden on small farmers. Therefore, fertilizer subsidy and
price stabilization policies are important to minimize the
risk of more significant economic losses for farmers
(Sundari, 2022).

Nutrients lost per hectare of land is the result of
multiplying the nutrient content in 1 ton of soil by the
amount of sedimentation value on agricultural land, where
the largest sedimentation on agricultural land is in the
upstream area of the Sub-watershed. The value of
sedimentation due to erosion is strongly influenced by the
level of slope and land cover, where the level of slope in
the Mamasa Sub-watershed is dominated by slopes of 25-
45% (steep) and >45% (very steep). Primary and secondary
forests dominate land cover in the upstream area, although
the land cover area is the smallest compared to the middle
and downstream watershed areas. This is due to the
conversion of primary and secondary forest land into land.
Nutrients can be lost because they are in the top layer of
soil, prone to erosion. Erosion always reduces soil fertility
and organic matter (Mirzabaev et al., 2023). If erosion
continues on the soil surface, clay and humus particles and
other soil particles rich in elements needed by plants will
be transported (Tapas et al., 2024).

The most significant loss of K-available and P-available
nutrients is in the downstream area of the sub-watershed.
Potassium nutrients are easily leached because high rainfall
in wet tropical areas causes many K nutrients to be lost.
Soils in the wet tropics develop in climatic conditions with
high yearly rainfall. This situation encourages a decrease
in soil base cations such as Ca, Magnesium, and K levels
and increases soil acidity. In wet climate areas with high
rainfall and Inceptisol soil properties that cause the
availability of Ca, Magnesium, and K elements to tend to
be low and increase soil acidity is a problem in itself (Hana
Hetal., 2021).

One of the sources of Potassium nutrients is the
application of NPK fertilizer on agricultural land where the
downstream area of the Sub Watershed is dominated by
agricultural land such as rice fields and mixed gardens with
corn, cocoa, and coffee vegetation. However, farmers have
not applied SP36 and Phonska fertilizers as phosphorus
and potassium nutrient enhancers. Potassium's soluble
nature makes it sensitive to the effects of leaching or easily

washed away by erosion and surface runoff. K* ions are
very difficult to precipitate, so when not utilized by plants,
K" ions will be quickly washed out of the soil (Hana H et
al., 2021). A lot of phosphorus content in the soil will
produce weak bonds, causing it to be easily washed away
so that Phosphorus nutrient loss is influenced by erosion.
The higher the erosion, the higher the phosphorus loss.
Phosphorus loss is not only transported through sediment
but also transported in surface flow (Chen et al., 2020).
Nutrient losses of P-available and K-available are more
significant in eroded soils because phosphorus and
potassium are immobile, so they are bound in the soil
sorption complex.

The management of the Mamasa Sub-watershed
requires a comprehensive and integrated approach that
addresses various ecological, economic, and social factors.
To effectively mitigate the challenges posed by soil
degradation and nutrient loss, a combination of land
rehabilitation, erosion control, and land use optimization
strategies is essential. The implementation of sustainable
land management practices is not only crucial for restoring
soil health but also for ensuring the long-term
sustainability of agricultural productivity and the
preservation of natural resources. Studies by Prima et al.,
(2021) show that one key solution to reducing erosion rates
in the region is the adoption of soil conservation
technologies. Practices such as terracing and agroforestry
have proven to be effective in controlling soil erosion,
particularly in areas with steep slopes like those found in
the Mamasa Sub-watershed. Terracing, for instance, helps
to slow down the movement of water and sediment, which
reduces the speed of erosion while also improving water
infiltration. On the other hand, agroforestry systems, which
integrate trees and shrubs with crops, offer multiple
benefits by stabilizing soil with their root systems,
reducing wind erosion, and promoting biodiversity. these
conservation technologies can significantly reduce erosion
rates by up to 40%, particularly in areas with similar
topographic conditions to those found in the Mamasa Sub-
watershed.

The negative impacts of sedimentation in the Mamasa
Sub-watershed are not limited to environmental
degradation but also extend to the local communities who
rely on the watershed for their livelihoods. Flooding
resulting from silted rivers can destroy crops, erode
agricultural land, and damage infrastructure, leading to
significant economic losses. Moreover, the sedimentation
of rivers impacts water quality, which is critical for
drinking, irrigation, and aquatic ecosystems (Hana H et al.,
2021).

Severe soil degradation increases the need for fertilizer
use to restore fertility levels. Farmers in this region face
great economic pressure due to the additional cost of
purchasing fertilizers. A study by (Ary Wibisono et al.,
2016) shows that the increase in fertilizer cost can reach
30% of the total production cost due to soil degradation.
This phenomenon reduces their income and creates a cycle
of poverty that is difficult to overcome. More significant
expenditure to improve soil fertility makes farmers more
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vulnerable to economic losses, threatening the
sustainability of their farming businesses.

For smallholder farmers, increased fertilizer costs can
consume up to 30% of total production costs, previously
squeezed by thin profit margins. As a result, additional
expenditure to restore soil fertility is often unaffordable.
This reduces their net income and forces them to reduce
investments in other inputs, such as quality seeds or farm
equipment. A further decline in crop yields creates a cycle
of poverty that is difficult to break (Ary Wibisono et al.,
2016). Reliance on non-subsidized fertilizers at much
higher prices exacerbates the economic instability of
smallholders, especially in areas with steep topography and
high erosion rates. Therefore, an integrated management
strategy focusing on soil conservation and reducing
farmers' financial burden is urgently needed to improve
their economic sustainability.

Given the magnitude of these challenges, it is clear that
integrated watershed management is urgently needed to
address the sedimentation issue. A holistic approach that
combines soil conservation techniques in the upstream
areas with effective river management strategies in the
downstream regions is essential. For example, practices
such as reforestation, agroforestry, and terracing can help
reduce soil erosion in the upper reaches of the watershed,
thus minimizing the amount of sediment being carried
downstream (Jamaluddin et al., 2023). Additionally, the
implementation of sediment management techniques, such
as dredging or the creation of sediment traps, can help
manage sediment accumulation in critical areas.

Land use planning and community involvement in the
management process are crucial for ensuring that
sustainable practices are adopted throughout the
watershed. Farmers and local communities should be
educated about the importance of reducing erosion through
sustainable agricultural practices, such as crop rotation,
reduced tillage, and the use of cover crops. These efforts
can be supported by local governments through the
implementation of policies that incentivize conservation
practices and improve land use in sensitive areas (Arfadly,
2024).

Furthermore, land use optimization plays a pivotal role
in reducing environmental stress. By promoting
sustainable agricultural practices, such as crop rotation,
reduced tillage, and the use of organic fertilizers, farmers
can improve soil fertility and reduce their reliance on
chemical inputs. These practices contribute to the long-
term health of the soil, enhance its ability to retain water,
and reduce the occurrence of nutrient runoff into water
bodies. The education and capacity-building of farmers are
crucial components of this strategy. Through training
programs and workshops, farmers can be equipped with the
knowledge and skills necessary to implement sustainable
farming techniques that minimize the negative impact on
the environment. Empowering local communities with this
knowledge can also lead to greater adoption of soil
conservation practices, as it helps farmers understand the
long-term benefits of preserving their land (Hasthi et al.,
2023).

In addition to agricultural practices, the integration of
water management systems such as proper irrigation
techniques and watershed management plans is vital.
Implementing rainwater harvesting systems and
controlling water flow through proper channeling can help
maintain the watershed's hydrological balance, thereby
reducing soil erosion and enhancing agricultural
productivity (Hassan et al., 2024). The socio-economic
aspect is equally important, as the adoption of sustainable
practices can directly affect the livelihoods of local
farmers. Studies have shown that the implementation of
conservation measures, while requiring initial investment,
often results in higher long-term agricultural yields,
reduced costs of fertilizers, and lower dependency on
external resources. By fostering a more sustainable
farming system, the community not only benefits from
improved soil health and crop productivity but also
experiences reduced vulnerability to climate change
impacts (Soma & Kubota. 2018).

Overall, managing the Mamasa Sub-watershed requires
a holistic, multi-disciplinary approach that integrates land
rehabilitation, sustainable farming practices, and
community education. By focusing on soil conservation,
erosion control, and land use optimization, this approach
will not only safeguard the environmental integrity of the
region but also contribute to the economic resilience of
local communities. This integrated strategy will ultimately
ensure the sustainable management of the watershed,
benefiting both the environment and the people who rely
on it for their livelihoods (Ziem, 2021).

IV. CONCLUSION

Soil degradation in the Mamasa Sub-watershed has led
to significant nutrient losses, especially in the upstream
areas, where sedimentation rates have reached 6,716.21
tons/ha/year. This results in the loss of essential nutrients
such as 94.02 kg of Nitrogen (N), 12.63 kg of Phosphorus
(P), and 22.16 kg of Potassium (K) per hectare annually.
The economic impact of these losses is substantial, with the
cost of replacing the nutrients using subsidized NPK
fertilizer amounting to 1,536,461,395 IDR per year, which
increases to 8,016,320,321 IDR if non-subsidized
fertilizers are required. This situation is exacerbated by
shifting cultivation practices, particularly in areas with
steep slopes (25-45% and >45%), which further accelerate
soil erosion and nutrient depletion. As a result, agricultural
productivity in the region is severely impacted, leading to
financial strain for farmers. Integrated watershed
management is essential. Implementing soil conservation
techniques, such as terracing and agroforestry, can
significantly reduce erosion rates and improve soil fertility,
reduced tillage, will help mitigate further nutrient loss and
reduce the dependency on costly fertilizers. By adopting
these strategies, it is possible to restore the ecological
balance of the Mamasa Sub-watershed and secure the
livelihoods of the local farming communities.
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