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1. INTRODUCTION

Erosion in the upstream regions significantly reduces a reservoir's storage capacity, and diminishing its efficiency in
mitigating drought conditions (Auliyani & Wahyuningrum, 2020). The accumulation of sediment in reservoirs
resulting from upstream erosion, leads to a gradual decrease in their available volume, which can critically impact
their ability to supply water during water scarcity (Avicenna et al., 2015). This process undermines the reservoir
effectivity and exacerbates the challenges faced by both local communities and the broader environment during
drought events. Given the increasing frequency and severity of such conditions, the findings underscore the urgent
necessity for implementing comprehensive and integrated land and water management strategies. These strategies
should focus on sustainable practices to reduce soil erosion, enhance watershed management, and improve water
conservation techniques. Such efforts are essential to ensure the long-term viability of water resources (Loganathan et
al., 2019), safeguard ecological balance, and support the resilience of local communities in the face of growing
environmental challenges. Therefore, effective management is pivotal in maintaining water availability and promoting
sustainability in regions vulnerable to climate variability and land degradation (Azis et al., 2021).

Research by Hidayat ef al. (2018) found that this region experiences a lack of water, primarily in June and August.
From 2002 to 2003, the area underwent a severe drought, classified as "very dry" according to the Palmer drought
index. Despite the relatively small window of drought conditions, the impact on agriculture and local livelihoods was
significant, as water scarcity directly affects crop production and the availability of resources for the community. Such
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instances underline the importance of understanding the patterns of drought and its consequences in the region to
better prepare for future challenges.

Land use in Wonogiri consists mainly of green open spaces, including forests, mixed agriculture, fields, and moors,
which cover nearly 90% of the area (BPS, 2019). These land uses play a vital role in maintaining the region's
ecological balance and contribute to water conservation efforts. The area has a large enough catchment area to
theoretically allow for adequate water conservation, yet, in practice, there are still pockets within the District that
experience water scarcity (Wardani & Kurniawati, 2014). This contradiction points to a mismatch between the
potential of the land and its actual capacity to meet the water needs of the local population. The presence of drought
and water scarcity, despite these natural assets, calls for more targeted and efficient management of the catchment
areas to ensure the equitable distribution of water resources (Nugroho, 2012).

Given the potential for agricultural development in Wonogiri, particularly for food crops, the risk of drought poses
a significant threat to the expansion of this sector. The area's ability to sustain agricultural growth is hindered by
recurring droughts, which can disrupt crop production and threaten food security. The objective of this study is to
analyze drought characteristics to provide information for choosing disaster mitigation strategies. The results of this
study, by identifying risk areas and applying appropriate mitigation techniques, are useful to provide recommendations
for future agricultural land use planning and measures for effective soil and water conservation actions.

2. METHODS
2.1. Research Area

Research was conducted in the Keduang Subwatershed located between 7°32' - 8°15" S and 110°41' - 111°18' N in
Nguntoronadi District, Wonogiri Regency (Figure 1). Keduang Subwatershed is part of the Bengawan Solo Watershed
flowing into the Gajah Mungkur Reservoir. The reservoir should provide sufficient irrigation for its command area,
but is experiencing shallowing due to sediment entering from the upstream area. The Keduang Subwatershed is one of
the most significant sediment contributors to the reservoir. This is the basis for this research in Wonogiri Regency, part
of the Keduang Subwatershed.

The Nguntoronadi District is characterized by a diverse landscape, encompassing various non-study areas, such as
water bodies and densely populated settlements (Rendrarpoetri ef al., 2024). Despite this diversity, the district harbors
regions with significant potential for soil degradation, posing considerable land and water management challenges.
Notably, the entire District is underlain by a uniform soil type, primarily classified as Inceptisols, indicative of soils in
the early stages of development and often prone to degradation. The soil damage potential (SDP) across the region is
classified as high, suggesting that the area is susceptible to erosion, nutrient depletion, and other forms of soil
deterioration, particularly under intensive land use and climatic stresses.

2.2. Research Materials

The materials used are thematic maps, namely rainfall maps, land use maps, slope maps, and soil type maps (Figure 2)
of Nguntoronadi District. Such materials will help analyze potential drought due to SDP. The research was performed
through soil survey completed with soil sampling and laboratory analysis. Several parameters was observed to
determine the damage to the soil that caused the potential for land drought. The parameters included the physical
properties of the soil in terms of bulk density, structure, color, porosity, permeability, slope, and type of soil (Kurnia et
al., 2006). Drought can disrupt agricultural activities, and improper land management can aggravate the situation.

Potential soil degradation was evaluated and classified applying quantitative analysis methods that apply matching
and scoring methodologies. The scoring analysis approach was applied to aggregate the cumulative score results as
well as the value of each superimposed thematic map. The next stage was matching, which involves comparing
measured degradation of soil data from the field to established standard criteria. Soil parameters are most closely
related to the possibility of soil degradation. We also referred to it as the determinant coefficient of soil degradation,
which was calculated from the correlation results from the test.
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Figure 1. Map of Keduang Subwatershed
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Figure 2. Thematic maps of Nguntoronadi District: (a) Rainfall, (b) Land use, (c) Slope, and (d) Soil types

1053




Jurnal Teknik Pertanian Lampung Vol. 14, No. 3 (2025): 1051 - 1060

2.3. The SDP Analysis

The calculation of SDP analysis in this research was based on Geographic Information System (GIS) approach, which
provides an effective way to assess and map the severity of drought across different regions. This method integrates
several techniques, including scoring, weighting, and overlay, to produce a comprehensive analysis. Scoring was
applied to various drought parameters, such as the vegetation index, rainfall, soil type, and land use, each of which
plays a crucial role in determining the extent of drought conditions. The vegetation index helps assess plant health and
moisture levels, while rainfall data provides insight into precipitation patterns. Soil type is considered to understand
water retention capacity, and land use is incorporated to determine how human activity may impact the vulnerability to
drought. By assigning appropriate weights to each parameter, the GIS system overlays the scored data layers to
generate a detailed drought index, offering valuable insights into the spatial distribution and severity of drought in the
study area. Scoring in this study is as follows:

SDP = Y™, Wi x Si" (1)

where SDP is soil damage potential, Wi is weighting index, Si is score index, and # is total indicators. The SDP
classification was according to Table 2.

Table 1. The SDP from rainfall and soil properties

Weighting Index

SDP Factors Classification Weight Index (Weight x Index)

Rainfall (mm/year)

<1,000 Very low 3 1 3
1,000-2,000 Low 3 2 6
2,001-3,000 Moderate 3 3 9
3,001-4000 High 3 4 12
>4,000 Very high 3 5 15
Type of Land Use
Endemic forest and paddy field Very Low 2 1 2
Savana, shrubs, and mixed farm Low 2 2 4
Farm and production forest Moderate 2 3 6
Dryland High 2 4 8
Open field Very high 2 5 10
Land Slope (%)
0-8 Very low 3 1 3
9-15 Low 3 2 6
16-25 Moderate 3 3 9
26-40 High 3 4 12
>40) Very high 3 5 15
Soil Types
Vertisols Very Low 2 1 2
Oxisols Low 2 2 4
Alfisols, Mollisols, and Ultisols Moderate 2 3 6
Entisols, Histosols, and Inceptisols High 2 4 8
Andisols and Spodosol Very high 2 5 10
Source: MNLH (2009)
Table 2. The SDP weighting index classification
Notation Class Weighting index
SDP 1 Very low <15
SDP 2 Low 15-24
SDP 3 Intermediate 25-34
SDP 4 High 35-44
SDP 5 Very high > 45

Source: MNLH (2009)
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3. RESULTS AND DISCUSSION
3.1. Land Use Type and Rainfall

Land use in Nguntoronadi District is predominantly focused on agricultural activities, with paddy fields and dryland
cultivation occupying most of the landscape (Rahayu ez al., 2023). While essential for local livelihoods, this type of
land use exacerbates the risk of soil erosion and degradation, especially when coupled with improper agricultural
practices (Hossain ez al., 2020). Furthermore, the District exhibits varied topography, with slopes ranging from 0% to
40%. These slopes are classified as moderate to high, which can further contribute to surface run-off, soil erosion, and
other forms of land degradation, particularly during the rainy season.

The region experiences a relatively consistent rainfall pattern, with annual precipitation totaling approximately
2,250 mm. This moderate rainfall, while supporting agricultural activities, also presents challenges regarding soil
conservation. When combined with the region's slope and soil characteristics, the volume of rains creates conditions
conducive to water-induced erosion and sedimentation, particularly in areas with steep gradients or insufficient ground
cover. Therefore, it is crucial to implement adequate soil and water conservation practices, including adopting
sustainable agricultural techniques and improved land management strategies, to mitigate the potential for further soil
degradation and ensure long-term agricultural productivity in the District.

3.2. The SDP Analysis

A guided theme map presents land characteristics to determine the potential for soil damage. Furthermore, scoring and
interpretation were carried out using Arcview GIS in the form of a map of potential land damage in Nguntoronadi
District. The data obtained from the study results were carried out through ANOVA analysis. The first stage to assess
potential soil damage is to create a working map with components of a map of marbles, soil type, rainfall, and land use
maps. With the map data, a Land Map Unit (LMU) is compiled (Figure 3), where the condition for obtaining an LMU
is that it must have homogeneous components from the angle of marbles, soil type, rainfall, and land use. The creation
of overlays and determination of sample points is done using ArcGIS 10.4 software.
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Figure 3. Land Mapping Unit (LMU) of Nguntoronadi District
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There are 12 LMU with 3 replication, which means that 36 sample points were taken from the purchase object for
later analysis and observation of the physical health of the soil. After obtaining the LMU, the next stage is assessing
potential soil damage in Nguntoronadi District. It is carried out by evaluating the potential for soil damage by scoring
a theme map and assessing the potential for soil damage in the field. Nguntoronadi District is one of the sub-districts
in Wonogiri Regency, Central Java, which has the potential to develop agricultural land for food crops depending on
the running of existing agricultural activities. In Table 3, we can see that land use dominates the research site are
classified as having high SDP (4 LMUs) followed by low and intermediate SDP (2 LMUs for each). As will be seen
later, however, LMU with low SDP dominates the Keduang Subwatershed in term of areas.

Table 3. The results of the analysis of soil physical properties in several land uses in Nguntoronadi District

LMU BD PS PB K w T S Class and Notation
1 2.11a 0.30ab 0.59ab 5.37¢ 2.00a 2.00b 1.33b Very low (SDP 1)
2 2.07a 0.23b 0.03b 6.63¢ 4.00a 3.00ab 2.33ab Low (SDP 2)

3 1.99ab 0.26ab 0.35ab 11.43cde 4.67a 2.67ab 2.67ab Low (SDP 2)

4 1.92ab 0.24ab 1.00ab 23.40abc 2.00a 3.67ab 3.00a High (SDP 4)

5 2.00ab 0.24ab 0.30ab 18.30bcde 4.33a 4.67a 3.00a Intermediate (SDP 3)
6 1.95ab 0.25ab 0.23ab 16.67bcde 4.33a 3.00ab 2.33ab Intermediate (SDP 3)
7 2.10a 0.27ab 0.32ab 22.33abed 4.00a 4.33ab 3.00a High (SDP 4)

8 1.87ab 0.25ab 0.26ab 8.33de 4.33a 4.00ab 3.33a Low (SDP 2)

9 1.93ab 0.32a 0.03ab 28.50ab 4.00a 2.67ab 2.67ab High (SDP 4)

10 1.70b 0.26ab 0.38ab 24.80abc 4.33a 3.00ab 2.67ab High (SDP 4)

11 1.94ab 0.24ab 0.82ab 21.60abcd 4.00a 2.33ab 2.00ab Intermediate (SDP 3)
12 1.89ab 0.27ab 1.90a 33.80a 4.33a 3ab 2.67ab Very high (SDP 5)

Note: BD (bulk density), T (texture), S (structure), PB (permeability), K (slope), PS (porosity), W (color). Numbers followed by different notations
indicate a statistically significant difference between data classes (sig. <0.05).

Table 4. Assessment of the highest values for soil physics parameter in several land uses

Soil Physics Parameter LMU
Bulk density (BD) 7
Texture (T) 7
Structure (S) 4&5
Permeability (PB) 12
Slope (K) 12
Porosity (P) 9
Color (W) 3

The study results illustrated that Nguntoronadi District has a reasonably diverse average value or score from each
parameter of soil physics properties (Table 4). The soil performance indicators are bulk density, texture, structure,
color of the soil, porosity, permeability, slope, and soil type. Mapping soil damage potential (SDP) follows the
procedures contained in government regulation No. 150/2000 (Presiden RI, 2000)and Regulation of the Minister of the
Environment number 7/2006 (MNLH, 2006). A correlation test is necessary to determine the relationship between the
soil's physical parameters. The results of the correlation test are presented in Table 5.

Table 5. Correlation of parameters

Correlation BD T S PB PS
T 0.103
S 0.107 0.755%*
PB 0.097 -0.121 -0.030
PS -0.168 -0.099 0.064 -0.134
K 0.283 0.043 -0.143 -0.127 -1.84
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Throughout its operation, the Gajah Mungkur Reservoir experienced sedimentation of 3.1 million m3 each year. An
enormous sediment flow was contributed by the Keduang Subwatershed (Aisy er al., 2023). The erosion and
sedimentation rate of the Keduang Subwatershed in the Pengkol Check Dam area of 6260 ha using the USLE method
was 57,136 m®/year. Estimation of sediment volume for 8 years using the Meyer — Peter Muller Equation of 320,065
m?/year (Rahayu, 2016). This shows that erosion and sedimentation in the Wonogiri area, especially the Keduang
Subwatershed, occurred in long time and continued.

The Keduang Subwatershed is one of the sub-watersheds contributing the largest sedimentation in the Gajah
Mungkur Reservoir. In some regions, a water crisis will disrupt agricultural activities. Erosion and sedimentation
resulting from uncontrolled soil damage. Damaged soil cannot perform its functions properly (Romadhon & Aziz,
2022). One of the soil functions is to store water reserves for use in agricultural activities, namely plant growth (Patra
et al., 2022). The soil physics parameters that have been analyzed show that the potential for soil damage at the site is
relatively high (Ebabu et al., 2022). This soil damage will encourage the potential for drought at the study site. Soil
damage leads to erosion and sedimentation. As a result of erosion and excessive sedimentation, silting reservoirs cause
reservoirs to be unable to hold water optimally (Morris, 2020).

Figure 4 shows that the majority of the Nguntoronadi District is made up of areas with high soil damage potential
(SDP) of 192 ha (2.88%), moderate SDP of 1,647 ha (24.73%), and low SDP of 3,992 ha (59.94%). In the study area,
the value of SDP at extremely low and very high potencies does not exist. The East to center and a small portion of the
Southeast are regions with low to high SDP. The study site has the same type of soil, Inceptisols. Inceptisols are
immature soils with a weaker profile development compared to mature soils and still have properties resembling the
parent material's properties. Inceptisols are young soils and begin to develop (Hardjowigeno, 2003; Wulandari et al.,
2021). The annual precipitation in Nguntoronadi region of 2,250 mm/year receives a rating of moderate SDP, and is
not very diverse.
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Figure 4. Map of potential land degradation in Nguntoronadi District
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In Nguntoronadi, there is just one type of soil, the Inceptisols, with a grade of high SDP. This district has a slope at
the site dominated by high slopes (Wiraatmaja et al., 2024). This has the potential to cause soil damage. Appropriate
land use can minimize soil damage. In the location of the land, a lot of effort is cultivated for paddy fields and dryland,
which are very prone to soil damage (McLeod ef al., 2020). Intense dryland processing can drain nutrient content. The
slope is high, and the plants cultivated in the dryland system are less able to prevent erosion and sedimentation.
Rainwater will easily escape so that it cannot enter the soil as a water reserve for plants (Giirsu, 2024).

The analysis results of soil type, rainfall, slope, and land use show that the location is included in the area that is
prone to soil damage. Damaged soil will not function properly, especially when capturing and storing water. This
results in high erosion and sedimentation, so it can be said that the site has the potential for drought. Nguntoronadi
District has a low land damage potential (SDP 2) of 3992 ha (59.94%), medium (SDP 3) of 1647 ha (24.73%), and
high (SDP 4) of 192 ha (2.88%). Paddy field use dominates the study area with an area of 4489 ha, dominating all land
use at around 67.40% compared to the second and third land uses, namely gardens of 583 ha (8.75%) and dryland of
553 ha (8.30%). Land use of paddy fields has a low potential for soil damage because it is carried out in areas with flat
topography, and with the implementation of cultivation, farmers always apply land conservation practices. In contrast,
on average, dryland has a moderate and most extensive potential for damage on a rather steep slope.

Soil physics parameters in this study were used to predict soil damage that occurred. Correlations between
parameters were analyzed using a simple Bivariate correlation, which was used to determine the relationship between
research variables. Thus, the relationship between each parameter can be known. The analysis results showed a very
influential correlation, namely soil texture and structure, with a correlation value 0.755. This result can be interpreted
if the correlation between the two parameters is robust, above 0.7. Soil texture and structure are essential physical
properties. These two properties are closely related to soil particles and the condition of water and air in the soil. The
management of texture and structure is considered from two sides, namely in terms of plant growth and soil
preservation. The management of both can maintain good conditions such as porosity, aggregation, permeability,
rooting of the plant, and other soil properties. The land is a natural resource and one of the media that can produce
biomass (Knapek er al., 2020). Therefore, soil is an essential component supporting human life (Mujiyo et al., 2020).
On the other hand, biomass production activities that are carried out continuously can reduce the ability of the soil to
maintain its function as a biomass producer. Increased activity production that utilizes natural resources can cause land
damage for biomass production activities, so the decline in soil quality and function can threaten the survival of
human life (Wassie, 2020).

From the results of the analysis that has been carried out, it can be concluded that the potential for soil damage at
the site is moderate to high. This can cause the location to have the potential to experience drought. In addition, it can
also reduce soil damage, such as erosion and sedimentation. Proper management can increase infiltration and
percolation capacity to minimize run-offs and erosion (Roy & Chowdhury, 2024). The movement of water in the soil
is well regulated so that it can avoid soil destructive power (Hussain et al., 2022). Water entering the soil can be stored
well and used for plant growth. Damaged textures and structures and improper management can result in soil damage
(Scala et al., 2022). Water cannot enter and is appropriately stored in the soil so that surface flow occurs, which, if left
unchecked, will cause erosion, which causes continuous soil damage. This situation causes the soil to lack water
reserves, so there will be drought (Gavrilescu, 2021).

4. CONCLUSION

Wonogiri Regency is an area that still has the potential for drought. The Gajah Mungkur Reservoir, which should be
able to provide sufficient irrigation for the site, has experienced silting due to sediment received from the upstream
region. Upstream erosion has reduced reservoir volume. One of the most significant sediment contributors is the
Keduang watershed. Soil damage is suspected to be the cause of the problem. The majority of the Nguntoronadi
District is made up of areas with high soil damage potential (SDP) of 192 hectares (2.88%), moderate SDP of 1,647
hectares (24.73%), and low SDP of 3,992 hectares (59.94%). The results stated that the study site could experience
drought due to soil damage. Significant locations are cultivated for productive land. Agricultural activities can be
disrupted if the problem is not addressed, especially in the paddy field system. There needs to be conservative action
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to overcome the problem. Things that can be done include adding organic matter, crop rotation, applying ground
covering materials or mulch, and working on agriculture according to the direction of the contours. These activities are
expected to be able to overcome soil damage so that the potential for drought can be faced and minimized by the
community. Further research is needed to see if the damage continues and the efforts to address the existing problems.
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