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Abstract. The Gunungsewu Karst is a landscape that is highly vulnerable to degradation. Infiltration rate is
a critical factor in efforts to protect and conserve karst environments, however, studies focusing specifically
on infiltration processes at the valley floor of karst systems, particularly in relation to the morphological
characteristics of the Gunungsewu karst, remain limited. This study aims to examine the characteristics of
soil infiltration rates at the bottom of the Gunungsewu karst valleys based on their morphological units.
Field measurements of infiltration rates were conducted using a double-ring infiltrometer, and infiltration
parameters were calculated using the Horton model. Sampling was carried out according to the morphological
classification of the Gunungsewu Karst, which includes rounded karst cone units (K1), elongated karst cone
units (K2), and trapezoidal karst cone units (K3). Data analysis employed a descriptive approach based on data
distribution, visualized using box-and-whisker plots and line graphs.The results indicate distinct differences
in infiltration rate characteristics among the morphological units. Infiltration rates across all sites ranged
from 0.10 cm min™ to 0.65 cm min™'. The highest infiltration rates were observed sequentially in the K1, K2,
and K3 units. Variations in infiltration rate characteristics within the study area are strongly influenced by
morphological features, lithology, vegetation cover, and land use. These findings enhance the understanding
of infiltration rate characteristics in karst environments and provide a scientific basis for the development of
sustainable strategies for karst environmental protection and conservation.
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1. Introduction

Soil has a very important role in karst areas because it
functions as a growing medium for plants and, at the same
time, a pollutant filtration agent for groundwater (Hindersah
etal., 2021; Liu etal., 2022). An important soil property to note
for various analyses and technical importance is the infiltration
rate (Béjar-pulido et al., 2021; Polyakov et al., 2020; Zhang et
al., 2022; Zhang et al., 2025; Zou et al., 2025). The process of
water infiltration in karst soil has been proven to be able to
carry soil particles in the form of solutions or granules, which
is the beginning of the erosion process (Hervé-Fernandez et
al., 2023; Zhang et al., 2024). Infiltration can also result in
the transfer of mineral ions in karst soils either vertically or
laterally (Luo, 2022; Zhang et al., 2022). Vegetation cover, land
tillage, rock fragment, and soil moisture are key triggers for the
level of infiltration in karst land ( Li et al., 2011; Béjar-pulido et
al., 2021; Dahak et al., 2022) .

The soil in the Gunungsewu karst area has been proven
to have a lot of clay texture (Haryono, 2017). Soils with a clay
texture tend to have a higher level of water-holding capacity (
Li et al., 2022). This results in a lot of water being entangled by
karst soil. Soil moisture persists for a relatively longer time, as
water is strongly bound by soil particles. However, the presence
of clay in karst soil can trigger high wrinkles. The higher the
clay content in karst soil, the more likely the soil is to wrinkle

when it meets water (Elhassan et al., 2023; Tong et al., 2021).
The nature of soil wrinkles can cause difficulties in the use of
soil on the land technically (Bala & Patel, 2023). The problem
of land use is not only in the use related to buildings but also
in maintaining soil fertility for agriculture. Meanwhile, land
utilization has been intensively carried out for housing and
agricultural activities.

The Gunungsewu karst landscape is formed on karst
hills with several types of morphology that vary. Land form
differentiation in the Gunungsewu karst is based on the
interaction between bedrock, structural discontinuity, and
subsurface hydrological processes, which further form three
sub-types, namely labyrinth-cone, polygonal, and residual
cone karst (Haryono & Day, 2004). Srijono, et al. (2018)
provides a more detailed classification of the Gunungsewu
karst landscape into five distinct geomorphic units, namely the
rounded karst cone, the longitudinal karst cone, the trapezoidal
karst cone, the karst marginal plain, and the dry valley. The
three morphological classification units are consistent with the
landform sub-types identified by Haryono and Day (2004),

The morphological evolution of the Gunungsewu karst
is governed predominantly by variations in lithology and
underlying geological structures (Kusumayudha et al., 2016).
The Gunungsewu Karst is included in the lithological unit of
the Wonosari Formation and has a regional slope to the south.
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The Wonosari Formation consisting of two limestone outcrop
features which are the result of karstification and calichification
processes, consisting of four lithofasies, namely packstone,
wackestone, boundstone, and marl (Kusumayudha et al,
1999). The facies are derived from closed carbonate exposure
sedimentation environments that form packstones, and open
marine platforms that form wackestone and boundstone
(Aliyan et al., 2023). The facies are spread relatively north-
south. The findings of the inconsistency of calichic with
packstone, boundstone, and wackestone were used as the
basis for estimating the carbonate age of Gunungsewu by
Sutoyo (1994). Thus, sequentially, the bedrock in the northern
part of the Gunungsewu karst has the oldest age marked by
the presence of calichic and packstone, boundstone, and
wackestone fasies. In accordance with this, Tjia (2013) also
outlines that the age of the youngest rocks was on the south
side parallel to the current coastline, and the age of the older
rocks spread north. The morphological unit and age of the
bedrock that forms the Gunungsewu karst landscape are
interesting to study in relation to the rate of infiltration in the
soils in the location.

Gunungkidul Regency is experiencing increasing
population growth. The population of Gunungkidul Regency
in 2020 was 747,160 people increasing to 753,190 people in
2025 with the population growth rate from that year being
0.17% (BPS, 2025). In line with its growing population, the
Gunungsewu karst region has continued to undergo increasing
land-use intensification (Sunkar, 2008; Reinhart et al., 2023),
particularly on land situated at the base of karst valleys as an
intesive agricultural land. Agricultural tillage activities have
been proven to change the characteristics of soil infilation
(Béjar-pulido et al., 2021). Agricultural land in karst valleys is
extensively utilized for secondary crop cultivation, particularly

during the rainy season (Budiyanto et al. 2023; Reinhart et al,
2023). The application of fertilizers and pesticides on rainfed
paddy fields and dryland agricultural areas—both of which
dominate land use within the recharge zone—contributes to the
formation of potential pollution sources (Naufal et al., 2024).
In line with the above conditions, the land in the Gunungsewu
karst area urgently needs protection and preservation efforts.

Karst areas have the potential to serve as zones of
groundwater infiltration, although the quantity of infiltration
varies (Ashgaf et al., 2019). The level of soil infiltration in karst
areas is very important, considering the rapid infiltration rate,
which has proven to have a high potential for groundwater
pollution (Sang et al., 2023; Steiakakis et al., 2023). The
understanding of infiltration rate is used as the basis for soil
conservation at each karst area site and also groundwater
conservation (Dahak et al., 2022; Li et al., 2024). Variations
in soil infiltration at the base of karst valleys are fundamental
to technically defining appropriate land use (Liao et al., 2025).
However, studies focusing specifically on infiltration processes
at the valley floor of karst systems, particularly in relation to
the morphological characteristics of the Gunungsewu karst,
remain limited. This study aims to examine the characteristics
of soil infiltration rates at the bottom of the Gunungsewu
karst valley based on its morphological units in the context
of an effort to protect and maintain the sustainability of the
Gunungsewu karst environment.

2. Methods

This research was conducted in the karst valley in the
Gunungsewu karst area which is included in the Gunungkidul
Regency, Special Region of Yogyakarta Province as shown in
Figure 1.
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Figure 1. Infiltration measurement sample location
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Figure 2. Infiltration measure with double-ring infiltrometer

Karst valleys were identified through DEM analysis
from SRTM imagery data on the coordinate reference system
EPSG: 32749, WGS 84/UTM Zone 49S. The distribution
of karst valleys was derived from a closed-depression
analysis performed using SAGA software. The results of this
analysis provide information on the spatial patterns of valley
sequences within the study area. These patterns of karst-
valley distribution were subsequently used as a basis for
interpreting the surface morphology of the karst landscape.
The sample was determined by considering the morphological
classification of the surface of the karst land submitted by
Haryono and Day (2004) and Srijono et al. (2018). In each part
of the morphological unit, samples were taken on the north
and south sides of the Gunungsewu karst area in line with
(Sutoyo, 1994). The total sample locations taken are as many as
14 locations spread across the southern and northern parts of
the Gunungsewu karst.

The measurement of the infiltration rate at the sample
location was carried out on the soil of the karst valley, which
was flat and not vegetated. Measurements were made using a
double-ring infiltrometer. The design of the use of a double-
ring infiltrometer in the field is shown in Figure 2.

The size of the inner ring is 30 cm in diameter by 30
cm in height, while the outer ring is 60 cm in diameter
with a height of 30 cm. On the inner ring wall is installed a
ruler to read the water level.In the infiltration measurement
process, the ring is installed with a depth of 5 cm to 10 cm in
a flat position. Water is filled in the outer ring chamber to a
height of 15 cm to 20 cm, and continued with water is filled
in the inner ring chamber to the same height. The water in
the outer ring chamber functions as a buffer to minimize the
lateral movement of water in the inner ring chamber. The
water level (h) in the inner ring chamber is recorded in a
period (#) of 5 minutes. Recording is considered sufficient if
the change in water level (Ah) has been stable up to 5 times
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the recording time. Infiltration capacity (f) is calculated by
dividing the change in water level between times (Ah) by the
observation time (#). Constant infiltration (fc) at the sample
point is recorded when the infiltration capacity (f) value has
stabilized up to five times the measurement. The infiltration
rate modeling was carried out using Horton’s equation based
on the results of field measurements. The Horton equation
used in this study is as follows.

I=fc+(f0-fo)e™

I is the infiltration rate, fc is the constant infiltration
capacity level, f0 is the infiltration capacity at 0 minutes, k is
the Horton coefficient, which depends on soil and vegetation
conditions, and ¢ is the infiltration process time.

Characterization of infiltration rates within each
morphological unit was conducted by classifying infiltration-
rate values according to the morphological units defined by
Srijono et al. (2018). The Gunungsewu karst that is included
in the research area consists of K1, K2, and K3 units. The
grouping was derived from an overlay of the infiltration-
measurement sample site map with the morphological-unit
map of the western sector of the Southern Mountains. This
overlay was performed using QGIS software. Based on the
morphological unit map (Srijono et al., 2018), the observation
location of this study is in rounded karst cone units (K1),
elongated karst cone units (K2), and trapesoidal karst cone
units (K3). Samples within the K1 unit comprised sample
numbers 1,2, 3, 4, 5, and 6, whereas samples within the K2 unit
comprised sample numbers 7, 8, 9, and 10. Samples assigned to
the K3 unit included sample numbers 11, 12, 13, and 14. The
analysis of the box-whisker graph was used to determine the
range of infiltration velocity, mean, lower quartiles, and upper
quartiles. The morphological-unit map of the western sector of
the Southern Mountains as shown in Figure 3.
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Infiltration characterization was also conducted based
on the classification of sample locations into northern and
southern sectors. This grouping was employed to examine

differences in infiltration characteristics between the northern
and southern parts of the Gunungsewu karst area. The southern
sector included sample numbers 4, 7, 8,9, 12, and 13, while the
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northern sector comprised sample numbers 1, 2, 3, 5, 6, 10, 11,
and 14. The location of the sample in the karst morphological
unit Srijono et al., (2018) is shown in Figure 4. The analysis
was based on graphical representations of infiltration-rate
values from both sectors. The infiltration-rate values within
each morphological-unit group were subsequently plotted as
box-and-whisker plots and line graphs, which served as the
basis for analyzing the infiltration characteristics across the
respective land units. The characterization of the infiltration
rate on the north and south sides of the study area is based
on box-whisker values consisting of the range of infiltration
values, mean, lower quartiles, and upper quartiles. Line graphs
are used to show the infiltration value ratio of each sample that
has been sorted based on its location. Locations that are in a
north-south position will appear on the graph on the same
axis.

3. Results and Discussion
Karst valley conditions

The land at the bottom of the karst valley is used as
agricultural land especially in the rainy season. During the
dry season, a lot of land is not planted because of the harsh
soil conditions and lack of water. This condition is in line
with the findings of Reinhart et al. (2023) who describe
that the development of land use into agricultural land in
the Gunungsewu area is the largest compared to other uses.
Clearing of agricultural land at the bottom of karst valleys is
more intensive than land on hillsides that tend to have steep
slopes. This agricultural activity has been proven to increase
the ability of matrix infiltration in the soil (Liao et al., 2025),
and changes in the composition of soil minerals such as Ca
and Mg (Luo, 2022) which are key elements in karst rocks.
The hillsides have many rock outcrops, thin soil thickness, and
vegetation cover. The vegetation that grows is in the form of
grass, shrubs, and woody plants with sparse density.

At the location of the sample that has such characteristics,
the soil grains easily expand. The soil condition at the bottom
of the Gunungsewu Karst Valley generally has hard properties,
and there are many large, sturdy soils. The research was
conducted in the dry season. The soil is sturdy up to 3 cm
in size with a depth of approximately 10 cm. There are many
grains from the destruction of soil aggregates on the surface.
This is in line with the opinion of Widyastuti & Haryono,

(2016) which explains that in the dry season the soil at the
research site can crack up to more than 5 cm. When filling
the ring with water, the cracks in the soil under the ring can
quickly close. Infiltration can run vertically without leakage
from the soil cracks but can cause preferential infiltration
through gaps in the interior of the soil (Jiaxin et al., 2025;
Liao et al., 2025; Wang et al., 2018). Preferential infiltration
is a form of water infiltration through soil cavities formed by
aggregate fragments or their contact with rock surfaces or
roots. This condition is in line with the conclusion from Hu
et al. (2021) who explain that agricultural activities trigger
the formation of an argic horizon, which is an increase in clay
content in the layer below the surface. This condition triggers
higher wrinkles on the karst valley soil which can produce
cracks on the ground surface. The condition of the bottom soil
of the karst valley and slope as shown in Figure 5.

The picture is a condition that represents the condition
of the soil on the south side of the Gunungsewu karst. The
color of the soil in some locations is dark reddish brown, and
in some locations it is dark brown. Some of the soil color of the
Gunungsewu karst valley in this study is similar to the findings
from Sitinjak et al. (2019) on karst soil in the Malang area. In
line with these findings, Mulyanto et al. (2011) concluded
that the Gunungsewu karst soil with red color is the result of
intensive decalcification so that it has the characteristics of low
pH, alkaline saturation, and Cation Exchange Capacity (CEC).
Different conditions occur in black soils which are derivatives
of clay containing navel after the dissolution of CaCO,.

Infiltration Rate

Field infiltration measurements were successfully
conducted using a double-ring infiltrometer and yielded
varjable results across the measurement locations. The
measurement sites were generally situated on flat terrain at
the bottom of karst valleys. The field infiltration measurement
procedure is shown in Figure 6.

The measurement time between locations to achieve fc
value up to 5 times is varied. Measurements were taken at each
sample location with a duration of between 50 minutes to 100
minutes until a constant infiltration value was achieved 5 times.
Data that is considered invalid is corrected by re-measuring the
location. The location of the infiltration measurement sample
spread on the south side of the study area relatively took

Figure 5. Soil conditions and slopes of karst valleys at sample 7% site.
Source : Field observation (2023)
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Figure 6. Infiltration measurement process at sample 9" site.
Source: Field observation (2023)

Table 1. Infiltration capacity as a result of field measurements

Sample

Fc

(cm/minute)
0.40
0.10
0.30
0.55
0.30
0.10
0.35
0.45
0.30
0.10
0.40
0.65
0.45
0.26

o 0 N QN R W N =

— ke
W N = O

(mm/hour)
240
60
180
330
180
60
210
270
180
60
240
390
270
156

Source : Field measurement (2023)

longer than the measurement on the north side. The repetition
process is more carried out in this southern side sample
area, so the measurement process requires more time and
water. This condition occurs in the morphological units K1,
K2, and K3. Most of the measurement processes in the three
morphological units are relatively longer and there is a process
of repetition of measurements. This condition is made possible
by differences in lithology, type of cover vegetation, physical
properties of the soil, and land use as shown by research
conducted by X. Li et al. (2011), Lin et al. (2025), Gan et al.
(2023), and Zeng et al. (2024). Lithology exerts an influence
on the physical properties of the soil and the vegetation that
develops at the site. Vegetation influences soil properties such
as soil organic carbon, soil moisture, and increased infiltration
through its root network system ( Zhang et al., 2025). Land use
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can change the type of infiltration in the soil. The existence of
such vegetation, especially woody trees, is very important in
maintaining the level of infiltration. The results of infiltration
measurements in the field using a double ring infiltrometer
produce infiltration data as shown in Table 1.

The calculation using the Horton model for all sample
locations yielded the values of f0, fc, k, and the basic infiltration
value (b) of each location. Based on the 7? value of Table 2, it
can be stated that the Horton model has good accuracy and can
be used to measure the infiltration rate on Gunungsewu karst
soil. The results of the calculation using the Horton method
can be used to predict the level of infiltration at a certain time
after rain in the Gunungsewu karst area. The ability of the
Horton model on the Gunungsewu karst soil is in line with
Béjar-Pulido et al. (2021), who concluded the accuracy of the
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Horton infiltration model on Andosol soil. The results of this
calculation are also in accordance with the results of a study
from Robin and Bora (2019), which concluded that the Horton
model gives good results in hilly areas. Based on the r* value
obtained, the accuracy of the measurement of the Horton
method in this study ranges from 0.92 to 0.99 which means
it has a narrower range than the measurement results from
Robin and Bora (2019) but it is broader than Béjar-Pulido et
al. (2021). The advantage of using this Horton model is that it
is able to show the initial and final infiltration which is mainly
influenced by the initial soil moisture conditions, land cover,
and soil type (Dahak et al., 2022).

The difference in the infiltration characteristics of
Gunungsewu karst soil is related to the value of initial
infiltration (f0), infiltration capacity (fc), and the speed of
achieving infiltration capacity constant. At all measurement
locations, there was a drastic decrease in the rate of infiltration,
and then it leveled off until it reached a constant condition.

The lowest values of f0 and fc were found in sample number
2. The f0 value is 0.47 cm/minute and the fc value is 0.1 cm/
minute. The location of sample number 2 is agricultural land
with a fairly large area and is included in the residual cone
karst morphology unit (Haryono & Day, 2004). The highest
f0 and fc values occurred in sample 12. The f0 value of the
location is 3.42 cm/minute, and the fc is 0.66 cm/minute. The
location is in the form of a valley extending to the beach with
a steep slope. The measurements are in an elongated karst
valley and are covered with relatively steep slopes. The land
at the location is used as agricultural land with the type of
crops being palawija. At the time of measurement, the land
was empty because there was no water to irrigate the plants on
the land. The infiltration characteristics in the Gunungsewu
karst area can be depicted in the Horton model infiltration rate
graph. Some infiltration rate graphs of field data and Horton
models are shown in Figure 7.

Table 2. Horton model infiltration parameter value

Sample fo fe k b r
(cm/minute) (mm/hour) (cm/minute) (mm/hour)
1 1.24 744 0.40 240 -0.2652 -0.1797  0.99
2 0.47 282 0.10 60 -0.0738 -0.9898  0.92
3 1.27 762 0.33 198 -0.2282 -0.0333  0.99
4 1.48 888 0.62 372 -0.1276 -0.0769  0.96
5 0.71 426 0.32 192 -0.2118 -0.9025 0.86
6 0.60 360 0.11 66 -0.2761 -0.6931  0.85
7 1.53 918 0.37 222 -0.2360 0.1633  0.98
8 1.26 756 0.49 294 -0.1887 -0.2160  0.94
9 2.49 1494 0.35 210 -0.1602 0.7839  0.98
10 0.69 414 0.10 60 -0.1221 -0.5313  0.96
11 2.11 1266 0.43 258 -0.1789 0.5374 091
12 3.42 2052 0.66 396 -0.3369 1.0171  0.99
13 1.34 804 0.46 276 -0.3577 -0.1116  0.98
14 1.14 684 0.26 156 -0.1815 -0.1258  0.99
Source: Calculation results
Infiltration Rate - Sample 1 Infiltration Rate - Sample 2
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Figure 7. Infiltration Rate from Field Data and the Horton Model.
Source : Calculation result

The results of the analysis showed that there were
differences in the characteristics of the infiltration rate in the
morphological units of K1, K2, and K3. Based on the analysis
of infiltration-rate distributions across the morphological
units, the ranges of infiltration rates differ considerably. The
box and whisker plot analysis of the infiltration rate data is
shown in Figure 8.

The K1 unit exhibits infiltration-rate values that cluster
closely around the mean. Field measurements indicated that
the infiltration rate ranged from a minimum of 0.26 cm/min to
a maximum of 0.65 cm/min, with an average value of 0.44 cm/
min. The boxplot analysis further showed that the interquartile
range extended from the lower quartile (0.37 cm/min) to the
upper quartile (0.50 cm/min). Overall, the infiltration rate in
the K1 area is the highest compared with those observed in the
K2 and K3 morphological units, indicating a greater capacity
of the soil in this area to transmit water.

According to the classification of Srijono et al. (2018), the
K1 area corresponds to a rounded karst-cone unit, which aligns
with Haryono and Day (2004), who describe it as polygonal
karst. This morphological unit was formed through dissolution
processes and the influence of southward-directed fluviation
along the general slope of the area, resulting in a closed valley
with slope gradients ranging from 15° to 31° in most parts and
a weakly developed valley network (Haryono & Day, 2004).
The K1 unit area, particularly its northern sector, exhibits
denser woody vegetation cover than the K2 and K3 unit areas.
Dense woody vegetation can enhance soil bulk density and
improve soil physical properties thereby enhancing the soil’s
infiltration capacity (Gan et al., 2023; Hidayat et al., 2024;
Li et al., 2011). Soil-rock interface have a significant role in
increasing infiltration capacity when there is an increase in soil
bulk density (Zhao et al., 2025). The increasing age of trees
has been proven to increase the infiltration capacity of the
soil below (Huang et al., 2024; Zhang et al., 2025). Therefore,
the denser vegetation cover in the K1 unit is likely to promote
higher infiltration rates compared to the other units.

The infiltration rate in the K2 area exhibits a lower overall
distribution than that observed in the K1 area across most
parameters. Nevertheless, the range of infiltration-rate values
in K2 is comparable to that of K1. In the K2 unit, infiltration
rates range from a minimum of 0.10 cm/min to a maximum
of 0.45 cm/min, with a mean value of 0.30 cm/min. Box and
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whisker plot analysis indicates that the interquartile range
extends from the lower quartile (0.25 cm/min) to the upper
quartile (0.38 cm/min). These results demonstrate that the
infiltration rate in the K2 morphological unit is generally
lower than that in the K1 area.

The K2 morphological unit is in the form of elongated hilly
morphology that generally extends northwest — southeast, and
west-easton the southern side of the Gunungsewu karst (Srijono
et al,, 2018). Haryono & Day (2004) refers to it as a labyrinth-
cone karst characterized by a series of valleys and elongated
hills controlled by faults or major joints. The hillslopes in this
area are generally steeper than those in the K1 and K3 units,
resulting in relatively thin soils and abundant rock outcrops.
Land at the bottom of the karst valleys is predominantly used
by local communities for agriculture, settlements, and other
activities. Vegetation density in the K2 unit is lower than that
in the K1 unit. The analysis results indicate that infiltration
rates in the K2 unit exhibit a narrower range than those in
the K1 and K3 units, suggesting a more uniform infiltration
regime. The mean infiltration rate in the K2 unit is lower than
that in the K1 unit but slightly higher than that in the K3 unit.
Consistent with the steep-slope morphology of the K2 unit,
Gan et al. (2023) reported higher soil bulk density and non-
capillary porosity, along with lower organic carbon content
and soil moisture, in karst areas characterized by increasingly
steep slopes and abundant rock outcrops. Several of these
conditions have been shown to enhance soil infiltration rates in
karst terrains. Based on these findings, the slope morphology
of the K2 unit is inferred to contribute to its relatively higher
mean infiltration rate compared to the K3 unit.

Conditions of less frequent vegetation density and
intensity of agricultural land use reduce the rate of infiltration.
This is in line with the conclusion of the Béjar-pulido et al.
(2021) which states that the conversion of forest vegetation
into agricultural land is negatively correlated with the rate
of infiltration. Vegetation on agricultural land has a lower
infiltration ability than land under timber trees, which is able to
infiltrate water faster through its root network. This statement
is reinforced by the conclusion of Hidayat et al. (2024) which
states that the root tissue of the plant is able to increase the
porosity of the soil. In line with this opinion, The decrease in
the infiltration rate in the K2 area corresponds to the decrease
in the density of woody vegetation in this area.
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The characteristics of the infiltration rate in the K3
morphological unit exhibit notable differences. The K3 area
shows a substantially wider range of infiltration-rate values
compared with the ranges observed in the K1 and K2 areas.
However, the mean, upper quartile, and lower quartile values
are lower than those of both K1 and K2. This pattern indicates
a greater degree of variability in infiltration behavior within
the K3 morphological unit. The highest infiltration rate in this
area is 0.55 cm/minute and the lowest is 0.10 cm/minute. These
values show almost the same characteristics as the K2 area
but have a more complex variation in the level of infiltration
than others. The land morphology of this area has a larger
flat land with easier access. This condition tends to give rise
to more varied land use activities. The morphology of the K3
area is in the form of karst hills that are largely separated by
large plains, because the closed karst valley has been largely
integrated by intensive dissolution processes (Haryono & Day,
2004). Variations in land use and agricultural forms in karst
valleys in the K3 area give rise to varied physical property
properties of soil. Wang et al. (2018) concluding that tillage
is able to change the macropores and crack networks in karst
valley soils resulting in changes in infiltration velocity. Land
treatment provides great for changing the type of infiltration
by converting preferential infiltration through the gap into
matrix infiltration (Liao et al., 2025). The soil in the karst valley
of the K3 area is thicker and there are fewer stone insertions on
the ground surface than in the K1 and K2 areas. This condition
encourages an increase in matrix infiltration which has a
lower speed than preferential infiltration (Jiaxin et al., 2025).
This condition is indicated by a lower mean infiltration of the
K3 area compared to the K1 and K2 areas, but has a wider
infiltration velocity range value.
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The difference in the characteristics of the level of
infiltration speed is also shown spatially based on the
classification of the north and south sides of the Gunungsewu
karst area. The differences in the characteristics of the
infiltration rate of the northern and southern Gunungsewu
karst areas are shown in Figure 9.

The box-and-whisker plots illustrate variations in the
range of infiltration-rate values, as indicated by differences in
the mean, lower quartile, and upper quartile values between
the northern and southern sectors. The mean values indicate
that infiltration rates on the northern side are lower than those
on the southern side. This pattern is further supported by the
spatial distribution of infiltration measurements, which shows
a clear north-south differentiation across the measurement
locations. The infiltration rate at the sample site on the south
side ranged from 0.10 cm/minute to 0.4 cm/minute, while the
north side ranged from 0.30 cm/minute to 0.65cm/minute.
Berdasar analisis pada box-and-whisker graph ditunjukkan
nilai mean sisi selatan sebesar 0,46 cm/minute dan sisi utara
turun menjadi 0,25 cm/minute.

The results of the analysis of the infiltration rate at the
research site showed compatibility with the variation in
the distribution of the Gunungsewu karst lithofacies in the
north-south direction as outlined by Kusumayudha et al.
(1999); Sutoyo (1994), and Tjia (2013). The distribution of
the infiltration rate that occurs in the soil has similarities
with Gunungsewu karst lithofacies. These findings are in line
with (Zhong et al., 2022) which concludes that lithology have
significant impact on vegetation and karst soil properties,
some of which have a correlation with infiltration capacity
in karst area such as bulk density, soil porosity, soil moisture
(Gan et al., 2023), soil organic carbon (Lin et al., 2025; Zeng et
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al., 2024), and soil-rock structure (Jiaxin et al., 2025; Li et al.,
2023). Based on this opinion, the difference in karst lithofacies
in the research area may be the cause factor for the difference
in the characteristics of the infiltration rate on the north
and south sides of the Gunungsewu karst. Each infiltration
measurement location has cracks in the soil with varying sizes
between locations. Voids at the research site were caused by
the clay content in the soil as shown by Sunarminto & Santosa
(2008). Cracks in the soil at the measurement site are possible
to cause preferential flow paths below the surface (Wang et
al., 2018). This condition results in an increase in the rate of
infiltration in the soil.

4. Conclusion

The characterization of this level of infiltration is carried
out as an important step in efforts to protect and preserve the
Gunungsewu karst environment. Analysis of the infiltration
rate based on morphological units and north-south sides
according to lithofacies showed noticeable differences in
characteristics. Speeds across the study area ranged from
0.10 cm/min to 0.65 cm/min. The infiltration rate based on
morphological units showed that the K1 unit area had the
highest infiltration rate, followed by the K2 and K3 unit areas.
The mean infiltration of K1 was 0.44 cm/min, K2 was 0.30 cm/
min, and K3 was 0.29 cm/min. The K2 unit area has a lower
mean value than the K1 unit area and slightly higher than K3,
but has the smallest infiltration rate distribution range. The K3
unit area has the lowest mean, but has the largest infiltration
value distribution, which shows the most varied infiltration
rate variation. The north side of the Gunungsewu karst area
has a lower infiltration rate than the south side karst area in
both the K1, K2, or K3 unit areas. The infiltration rate of the
south side ranges from 0.30 cm/min to 0.65 cm/min, while
the north side ranges from 0.10 cm/min to 0.40 cm/min. The
spatial distribution of the infiltration rate at the study site
showed an increase in the infiltration rate to the west and
south. The level of infiltration at the research site is related
to the morphological units and lithofacies that underlie the
Gunungsewu karst area.

The findings of this study expand the understanding of the
characteristics of infiltration rates in karst areas and underlie
the development of sustainable karst environmental protection
and preservation strategies. Further research needs to focus on
practical strategies and methodologies for the protection and
sustainable management of karst based on the characteristics
of its soil infiltration rate.
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