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For developing countries, detailed soil resource data and maps are essential in land-use planning. Unfortunately, obtaining
detailed soil data for mapping is expensive. Detailed soil studies and mapping in developing countries often use the grid method.
In addition to being time-consuming, the grid method needs a lot of sample points and surveyors. Geomorphometry can be a less
expensive alternative for detailed soil mapping. Geomorphometry uses computationally measured terrain characteristics to
describe other hard-to-measure terrain and soil properties. In our study, landform arrangements and slopes were analyzed
together to create a map of soil pH. Bompon watershed, Indonesia, was used as a case study. Soil mapping units with potentially
similar soil pH were created based on a classification system of the two geomorphometric parameters. Soil samples were taken
from each of the units. )e samples’ soil pH was measured and compared to the geomorphometric predicted result. Regression
tests were performed to see the significance of geomorphometric parameters on soil pH conditions. Regression tests show that the
results of p value of the four soil layers are 0.046, 0.019, 0.037, and 0.047, respectively, on a 5% confidence level. According to the
test result, landform arrangements and slopes can indicate soil pH conditions in Bompon. Our estimate suggests that our
geomorphometric method is cheaper than the grid method by a factor of seven.)e ability to use geomorphometric parameters to
describe other soil properties could enable a cheap and fast production of detailed soil maps for developing countries.

1. Introduction

Detailed soil maps are essential for developing countries.)e
development process, especially in agriculture, needs de-
tailed soil maps for planning, maintaining, and conservation
[1–4]. )e absence of detailed soil maps could lead to
devastating results. Soil erosion, landslide, soil degradation,
and productivity reduction are examples [5–7]. )ese
negative consequences could slow down the economy and
threaten food security [5, 8]. )us, developing countries’
efficient economic development should have a detailed soil
map as a base for planning.

Detailed soil maps in developing countries are still
hampered by the costs [9]. )e expensive costs are a chal-
lenge for soil maps’ usability in the development process

[10–12]. )e expensive costs are a result of using the grid
method. Many of the developing countries make the grid
method a standard method for soil mapping. )e grid
method divides the research or project area into grids based
on the mapping scale. In general, more detailed scales re-
quire smaller grid sizes.)us, a detailed soil map needs more
samples [10–12]. A large number of samples are expensive to
acquire.)e grid method can also be less objective, especially
in drawing grid borders [13].

To reduce the cost, soil scientists start to use geo-
morphometry to demarcate soil mapping units. Geo-
morphometry is a study about the quantitative aspect of a
landform, or quantitative geomorphology, by analyzing
mathematical data extracted from digital elevation models
[14–16]. Facilitated by the widespread use of geographic
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information systems (GIS), studies on geomorphometry for
soil mapping have become more mature. De Bruin and Stein
[17] used the elevation, slope, profile curvature, plan cur-
vature, wetness index, stream power index from a digital
elevation model (DEM) data with a resolution of 5 meters to
perform soil-landscape modelling in Southern Spain. Tre-
visani et al. [18] experimented with the anisotropy index,
relative roughness, roughness, and integral of the variogram
parameters of the LiDAR data to see surface soil textures in
the Masiaga Basin covering an area of 4.54 km2 in Italy.
Other studies from Viloria et al. [19] in north-central
Venezuela mountains used altitude, relative height, slope
gradient, aspect, profile curvature, and five other modelling
parameters landscape-soil relationships. Gopp et al. [20]
used 17 morphometric parameters obtained from ASTER
GDEM with a 30-meter resolution to view the soil’s spatial
variability in Western Siberia.

Broader geomorphometric applications still need more
research, especially in dynamic regions. Previous studies
have not focused on tropical and volcanic regions [21–24].
Volcanic landform on a tropical climate has a dynamic
geomorphic process [25]. )ose dynamic processes could
result in a unique and specific soil. Another challenge is the
use of many parameters and methods [19, 20, 26]. )e use of
many parameters can make result interpretation complex
and challenging, reducing the applicability of geo-
morphometry. Additionally, high-quality GIS data might
not be available in developing countries. Lastly, previous
studies use a small scale in a large area [19, 23, 26, 27].
During mapping on a small scale, the generalization often
eliminates small but essential aspects of the landforms. In
many developing countries, these small, specific, and unique
problems could affect huge populations. )ose are the
limitations that reduce the use of geomorphometry on soil
mapping.

A transitional volcanic landform is a unique, specific,
and geomorphologically dynamic region. Transitional vol-
canic landforms situate between a quarter volcanic complex
and the tertiary volcano complex [28, 29]. Soil development
in transitional volcanic regions results from geomorpho-
logical processes that are dynamic, different, and unstable
[25]. )e soil of transitional volcanic landforms tends to
have unique and specific soil characteristics [29]. In addition
to weathering due to the climate, soils in the volcanic
transition region are also derived from volcanic breccia
rocks distorted by the tertiary era’s magma intrusion process
[29, 30]. Complex soil development processes produce a
deep layer of soil and weathered material with high clay
content [30–32]. Additionally, a transitional volcanic
landform has dynamic land movement processes, such as
landslides and high erosion [28, 30, 33–35].

Our study suggests the possibility of using geo-
morphometric parameters to create a detailed soil map in a
transitional volcanic area. )e application of geo-
morphometry on a detailed scale could replace the standard
grid method for soil mapping in developing countries.
Specifically, our study shows that geomorphometric pa-
rameters can determine some soil characteristics with sta-
tistical significance, even at a detailed scale. Specifically, the

parameters used in the study are the landform arrangements
and the slopes. )e soil characteristic determined from
geomorphometry is the soil pH level. Geomorphometry can
provide a cost-efficient alternative to the standard grid
method. Furthermore, the success of the study in applying
geomorphometry in a transitional volcanic landform sug-
gests that the method can be used even in areas with a
dynamic geomorphology configuration, specific soil char-
acteristics, and intense geomorphology processes.

2. Materials and Methods

2.1. Study Area. )e study area is the Bompon watershed.
)e watershed sits on a transitional volcanic area between
Mount Sumbing (Quartenary) and Kulonprogo Mountain
Range (Tertiary). )e Bompon watershed has an estimated
area of 300 hectares. It is located in the Salaman and Kajoran
subdistricts, Magelang District, Central Java Province
(Figure 1). )e Bompon watershed is in a tropical climate
region with annual rainfall reaching 2500mm/year. )e
peak of the rainfall is in November–January. Around 2500
people live in the Bompon watershed. Accessibility is still
poor. Some areas still have a gravel small road that limits
access during rainy seasons.

Land use in the Bompon watershed is varied along the
area. )e upper part of Bompon is dominated by mixed
farms.)emain commodities are sengon (Albizia Chinensis)
and coconut. Some cassava plantations can be found in small
patches. On the flat area near the Bompon river, the land is
being used for paddy fields with two different systems. )e
southern part with low elevation uses irrigation systems,
whereas the higher northern part uses rain-fed systems.

)e Bompon watershed sits between Quaternary
Sumbing volcano and the tertiary Kulonprogo volcanic
range. )e watershed is considered to be a transitional
volcanic landform. )e soil covering the Bompon watershed
is formed from weathering volcanic ash of a Sumbing
volcano, with a thickness of up to 2 meters. Meanwhile, the
layers beneath it are hydrothermal alteration processes of the
volcanic breccia material era due to the magmatic intrusion
process of the Kulonprogo volcanic range in the tertiary era.
As a result, thick soil in the Bompon watershed is easily
eroded. It is also prone to landslides due to the absence of
compact material that can be grabbed by plant roots. Such
conditions make the Bompon watershed and, in general, a
volcanic transition landform a very unique and suitable
location for our study.

3. Methodology

To show that geomorphometry can be used to create a
detailed soil map that is more cost-efficient than the stan-
dard grid method, our study is divided into four steps:
creating soil mapping units, soil sampling, soil analysis,
regression analysis, and cost comparison. Figure 2 shows the
flowchart of the methodology.

In the first step, the entire area of the Bompon watershed
is demarcated into soil mapping units.
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Geomorphometric parameters are used to determine the
boundary of a mapping unit.)e area within a mapping unit
has similar geomorphometric parameters. For our study, the

topography is used to determine the boundary of mapping
units. )is is based on the theory of soil formation which
states that one of the main factors forming soil is topography
[36]. Soil Catena principles also suggest the topography
conditions strongly influence the soil distributions
[12, 37–39].

)e significance of topography in determining soil
characteristics can also be explained by two major theories
regarding soil formation: Jenny’s theory and the SCORPAN
approach [10, 12, 36]. Both theories suggest many factors
that can affect soil characteristics. Jenny’s theory indicates
that the climate, organism activities, parent rocks, the to-
pography, and the passage of time can affect soil charac-
teristics. )e SCORPAN approach extends Jenny’s theory
and includes the soil itself and geographic locations as
additional factors.

For geomorphometry research, not all parameters can be
used.)e practicality of acquiring the data, the availability of
the data, the homogeneity of the research area should be
matched with the aim of the research. For example, due to
the size of the study area, the climate factor would be un-
suitable, as it would be homogenous over the small area of
interest [31, 32]. Similar reasoning is applied for parent
material and time. Additionally, organism and human ac-
tivities are too complex for the study. )e use of organism
and human activities would also significantly increase the
cost of the geomorphometry method, thus erasing most of
the benefits of using it.
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Figure 1: Location of Bompon watershed. Sits near the border between Magelang and Purworejo District, Central Java, Indonesia.
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Figure 2: )e flow of the research is divided into three parts: (1)
data input, (2) fieldwork, and (3) analysis.
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)e topographical data used in our study are the
landform arrangements and the slope. Both parameters have
a significant effect on soil characteristics. )e landform
arrangement divides the landform into several classes
according to the deviation from the mean elevation of the
area [40]. Landform arrangement classes can explain the soil
development and distribution of an area [5, 41–43]. Soil
Catena’s theories also link the distribution of soil and its
properties with landform arrangements and its topo-se-
quence [12, 37–39]. On a general scale, classification
according to landform arrangements can cover multiple
topographical data, such as elevation, curvatures, aspect, and
local relief.

In addition to the landform arrangements, the slope is an
important quantitative parameter of the landform [44].
Slope also affects the soil development process, especially in
tropical regions. Slope affects processes such as soil erosion,
landslide, material deposition, alluviation, and leaching
[5, 45, 46]. A soil process modelling, like USLE and WEPP,
also relies on the slope as one of the main parameters
[47, 48].

With the widespread use of digital elevation models
(DEMs), the combination of landform arrangement and
slope data should be simple to acquire. Both parameters
come from different datasets and methods. Arrangement
data is the secondary data obtained from the Transbulent
research group, Gadjah Mada University. Arrangement data
is derived from a DEM with a 12.5-meter resolution.
Meanwhile, the slope data is derived from the Indonesian
national seamless DEM (DEMNAS) published by the In-
donesian Geospatial Agency (BIG) in 2018 with an 8.5-meter
resolution. Both resolutions are suitable for a study at a scale
smaller than 1 :10000 [49]. Combining the arrangement and
the slope data and grouping land area with similar topo-
graphical data help determine the boundary of each soil
mapping unit.

In the second step, soil samples were acquired and tested.
In contrary to the standard grid method, in which soil
samples are required over the entire area, a geomorphometry
method only requires a few samples from each of the
mapping units. )us, the geomorphometry method sim-
plifies and lessens the amount of work needed to collect soil
samples.

At each sampling location, a soil profile was made to take
samples. Each profile has a maximum depth of 150 cm. )e
maximum depth is based on the recommendation by the
USDA, as well as the depth of the base material in the
Bompon watershed [3, 40].Within a profile, each soil layer is
sampled separately. Colors, structures, textures, moisture
levels, and rooting zones differentiate soil layers within a
profile [2, 3, 40]. In total, 124 soil profile samples were
obtained (Figure 3).

)e number of samples taken during soil research has
varied considerations and mainly depends on the research
objective and goals. Some natural factors such as geomor-
phology configuration are commonly used as consider-
ations, especially onmodern soil mapping [3, 52, 53]. In fact,
technical and practical reasons such as accessibility, safety,
time, and even cost are also commonly used as

considerations [12, 54, 55]. Previous research about soil
characteristics tends to have multiple considerations for
determining the amount of sample. Elnaggar and Noel [56]
made research to see salt-affected soil with 210 samples to
cover about 1160 km2 area. Different research about soil
salinity by Eishoeei et al. [57] used 8 soil profiles on a
4750 km2 area. Research about soil parent materials by
Richter et al. [58] used in total 60 samples on an 8,9 km2 area.
)ere is also much research using a small amount of sample
to cover a large area or the opposite [59–63]. In conclusion,
in general soil research, the amounts of samples will be
different from each other, because of the specific conditions
and research factors.

)e amounts of samples taken for this research are
determined by using common guidelines for soil mapping.
)e general guidelines to produce a reliable soil map are
commonly based on the observation density per cm2 area on
the map, or representing per km2 on the field [53] (Tables 1
and 2).

Based on both recommendations, samples taken for this
research are about 120 sampling points (Figure 3). With the
area around 3 km2, the sample density on this research is 40
samples/km2; its sufficient to produce a reliable soil map
based on both recommendations above.

In the third step, the soil samples are analyzed for their
pH level. As mentioned above, geomorphometric data are
used to determine soil pH levels at different locations. In
order to test the validity of the geomorphometric method,
measured pH level values are needed for comparison.

Soil pH is a simple but important parameter to un-
derstand soil resources. Naturally, the acidity or alkalinity of
the soil reflects the physical, chemical, and biological
characteristics of the soil [3, 4, 50]. In agricultural fields, soil
pH is one of the most important parameters to determine
soil suitability for plant growth [5, 51–54]. Soil pH is also
sensitive to human interference such as irrigation method,
land-use change, soil overutilization, toxification, and sali-
nization [55–57].

For this research, there are two types of pH used which
are actual and potential pH.)e amount of sample needed is
around 1 gram each. Soil sample is then diluted on the
reaction tube using two kinds of solution, H2O, or pure
water for actual pH and KCl for potential pHwith a 1 :1 ratio
[64]. )e pH test strip is then dipped into the solution after
the soil particle settles at the bottom of the tube. After the
result came, the pH value will be classified based on USDA
pH classifications (Table 3) [2, 3, 53].

In the fourth step, the statistical significance between
geomorphometric parameters and the pH level is deter-
mined. To determine whether the arrangement and the slope
data can determine the pH level with statistical significance,
a simple linear regression was used. )e level of statistical
significance was determined using null hypothesis testing
with the level of significance of 0.05. )e regression test was
performed for each landform arrangement and slope
configurations.

In the last step, the cost of performing the standard grid
method was compared with the cost of performing the
geomorphometry method. For each method, the number of
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samples needed, the amount of personnel involved, the time
taken at each sample site, and the logistics cost for the work
were taken into account. )e estimates for the grid method
came from previous works of the Transbulent research
group. )e estimates for the geomorphometry method were
from the current study.

4. Results and Discussion

4.1. Soil Mapping Units. Based on the 2015 survey data by
the Transbulent research group, the Bompon watershed can
be divided into 6 different landform arrangements: inter-
fluve, upper slope, middle slope, lower slope, colluvial

Sampling points
Elevation (m.a.s.l)

District boundary
Subdistrict boundary
Village boundary
Watershed border
Geomorphometry features
Road infrastructure
River

Three-dimentional map
bompon watershed
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Figure 3: Soil sample distributions in the research area. In total, there are 124 soil sampling points on Bompon watershed. At each location,
the soil profile was observed and divided into several layers before taking the soil samples. Differences in sampling density are caused by a
difference in the geomorphometry setting on the area.
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footslope, and colluvial plain. )e results of slope classes
processing from the DEM data with a resolution of 8.5
meters show that the flattest slope is less than 1% and the
steepest is 60%. )e dominant slope range is between 15%
and 30%, which corresponds to the “hilly” classification
using the USDA system. Around 67% of the total area of the
Bompon watershed (196,410 hectares) falls within the
dominant slope range (Figure 4).

Slopes of 15%–30% are distributed evenly in the
Bompon watershed, even in the interfluve area or water-
shed boundaries. )e slope configuration is influenced
mostly by landslides. Landslides are geomorphologically
gravitational processes. Areas that have geo-
morphologically dominant gravitational processes will
have a maximum slope of 30%. Steeper slopes are unstable
and prone to landslides [58–60]. )e results of the gravi-
tational processes are strongly reflected in the morpho-
logical form of the Bompon watershed. )e concave-
concave spoon-like shape of the watershed is an indicator
of such processes taking place [72]. Another factor influ-
encing the morphometry of the Bompon watershed is the
lack of hard rock/lithological contact. )e lack of litho-
logical contact resulted in moderately steep slopes, even
with intense erosion and mass movement.

4.2. Soil Samples and Analysis. A total of 124 soil samples
were taken.)e pH values of the samples weremeasured.Most
of the soil samples have pH values between 4.6 and 6.6
(Figure 5). )e distribution of soil pH skews more acidic. )e
acidity of the soil is a natural phenomenon for volcanic regions
with high rainfall intensity [74]. Two main natural factors
affecting the soil pH are the climate andmineral content of the
parent material. )e quarter volcanic material of Mount
Sumbing, the parent material of soil in Bompon, is rich in iron
(Fe). )e oxidation process of Fe, from rainfall weathering,
releases Fe3+. )e positive iron decreases the soil pH.)e high
rainfall also intensifies the leaching process of the alkaline
minerals such as Magnesium [54, 55]. )e absence of car-
bonate materials in Bompon further reduces the pH value.

Considered as layers, soil pH values in the Bompon
watershed show a similar acidic-biased distribution. )e
difference in soil pH values across layers is not drastic. Even
though the high rainfall would typically create a larger
difference across layers, the high clay content of Bompon
reduces such effect. Clay tends to maintain its chemical
properties, including pH [75]. )e small particle size of clay
and the high CEC values reduce water movement through
pores, thus slowing down the leaching process.

4.3. Regression Analysis. Simple linear regression analysis
shows a significant relationship (p< 0.05) between the slope
and soil pH values (Figure 6). )e statistical significance
suggests an influence of the slope on soil pH value. As a
result, the relationship between the slope and the pH value
suggests that the geomorphometry method is a viable al-
ternative in creating a detailed soil map.

To understand the influence of the slope on the pH value,
an explanation of why a slope condition influences the pH
value is warranted. Slope conditions can influence the
distribution of soil, which, in turn, affects the pH value. )e
Catena theory suggests the influence of the slope on the soil
pH value. In general, topographic configurations affect soil
development through exogenous influences, such as erosion,
landslides, weathering, or leaching [38, 64–66]. Additionally,
Khan et al. [79] stated that the slope dictates the erosion
process, which, in turn, affects both the physical and
chemical characteristics of the soil. A study by Tsui et al.
(2004) also showed similar results on the chemical properties
of the soil. Other approaches, such as geopedology, also
mention the relationship between soil characteristics and
landform configurations [12, 21].

Table 3: pH Classifications by USDA.

pH value Classification
3,5–4,4 Extremely acid
4,5–5,0 Very strongly acid
5,1–5,5 Strongly acid
5,6–6,0 Moderately acid
6,1–6,5 Slightly acid
6,6–7,3 Neutral
7,4–7,8 Slightly alkaline
7,9–8,4 Moderately alkaline
8,5–9,0 Strongly alkaline

Table 2: Recommended intensities of soil investigation.

Scale Site and soil profile descriptions
1 :1.000 10–20/ha
1 : 5.000 0.5–1/ha
1 :10.000 10–20/km2

1 : 25.000 1.5–3/km2

1 : 50.000 0.5–1/km2

1 :100.000 0.1–0.2/km2

Table 1: Soil sampling density per km2 mapping area.

Scale
Recommended range Minimum acceptable range

1/cm2 density on a map 0.5/cm2 density on a map 0.25/cm2 density on a map
1 : 5.000 400 200 100
1 :10.000 100 50 25
1 : 25.000 16 8 4
1 : 50.000 4 2 1
1 :100.000 1 0.5 0.25
1 : 250.000 0.16 0.08 0.04
1 : 500.000 0.04 0.02 0.01
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)e coefficient of determination R2 shows a low value. R2

values across the layers are 0.0321, 0.0438, 0.0352, and 0.047,
respectively (Figure 6). Note that low R2 does not indicate
that the relationship is not valid [68, 69]. A low R2 value is
common when there is an unexplainable variation in the
dependent variable [82]. Besides, the pvalue test shows a
statistical significance. )e independent variable still has a
strong influence on the dependent variable [82]. Especially
in a detailed soil map, a lot of factors, both natural and
artificial, could lead to unexplainable variations. Land use
and various land modifications can affect soil conditions,

including physical and chemical properties [55, 56, 70].
Bakhshandeh et al. and Zaj́ıcová and Chuman [56, 71] stated
that land use has a significant role in changing soil prop-
erties, either chemically or physically. A similar condition
could happen in the Bompon watershed. )e study con-
ducted by Sambodo et al. [32] shows that there are at least 7
main different commodities with different levels of pro-
ductivity. )e intensity of land management carried out in
the Bompon watershed is not always controlled by the
landform [32, 34]. For example, in the interfluve to colluvial
footslope, both cassava plantations and mixed-vegetable
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gardens can be found.)e difference in vegetation extremely
affects the rate of erosion [33, 72]. A cassava plantation with
relatively open land has a much higher rate of erosion than a
mixed-vegetable garden with high vegetation density [33].

Besides the land use, soil clay content also has a sig-
nificant role in soil pH conditions in Bompon.)e soil in the
Bompon watershed has high clay content, mostly above 30%
[31, 32]. Clay has the smallest particle and smaller pores
among different soil textures. )ese characteristics slow
down the movement of the water between each layer of the
soil profiles [51]. )e high clay soil maintains its charac-
teristics better because of its slower leaching process and a
higher CEC rate [75]. Additionally, because of the small size
of the watershed, the soil of the entire area shares the same
parent material, hydrothermal-altered andesitic volcanic
breccia covered with volcanic ashes [25]. )e homogeneity
in the parent material and the different land-use consid-
eration reduces the influence of geomorphometric factors on
the soil properties.

Overall, the statistical regression test showed that there
are a lot of factors that could affect the soil pH on a tran-
sitional volcanic landscape, especially for human activities
and land use. Unsurprisingly, both factors have a big impact
on soil pH distributions. However, despite the low R2 value
on each layer, the p value test shows a significant result. It
shows that the geomorphometry parameters could explain
the general trend of soil pH conditions in transitional
volcanic landform at a detailed scale.

4.4. Cost Comparison. With the geomorphometry method
showing a statistical significance result in creating a detailed
soil map, the cost-saving associated with using such a
method can be compared to the standard grid method.
Using the geomorphometric data to make soil mapping
units shows significant benefits. )e Bompon watershed
with an area of 300 hectares requires only 124 sample lo-
cations. )e number of samples needed far less than using a
standard grid method, which would need 811 sample lo-
cations. )e density of samples taken in the Bompon wa-
tershed is 42 samples per square kilometer (Table 4). )e
number of samples is in an acceptable range for mapping on
a scale of 1 :10,000 [53]. A fewer number of samples reduce
the length of time and the amount of personnel needed to
conduct a survey.

)e economic benefit from using the geomorphometry
method can be found by comparing the cost of performing
different kinds of surveys. )ere were 2 survey activities
taken in Bompon in 2018 and 2019.)e 2018 survey used the
grid method, while the 2019 survey used the geo-
morphometry method. )e 2019 survey involved 3 teams,
with each team consisting of 3 personnel. Each team finished
5 sampling locations per day on average. )e logistics cost
was 31 USD daily. Table 5 compares the cost of the two
methods. )e geomorphometry approach can be performed
7 times faster and reduces the survey cost by a factor of
seven. A study by Bazaglia Filho et al. and Kempen et al.
[1, 13] also shows a similar increase in efficiency by using
digital soil mapping instead of the conventional method.

However, the use of geomorphometric parameters has a
slight challenge in the areas with a high degree of homo-
geneity. For example, the interfluve region has a much
higher sample density compared to the plain colluvial region
because the interfluve region which is an erosional region
certainly has a more diverse slope configuration than that of
the colluvial plain region. Areas with homogenous slope
configurations require more samples for the result to be
accurate.

5. Conclusions

Geomorphometry parameters are useful in creating a de-
tailed soil map at a 1 :10,000 scale. )e regression result
shows a statistically significant relationship between the
geomorphometry parameters and the soil pH condition.
Furthermore, the geomorphometry approach is less ex-
pensive compared to the standard grid method. )e geo-
morphometry method requires 7 times fewer samples. )e
reduction reduces the cost of performing a survey andmakes
the geomorphometry method more economical. To improve
the accuracy of the result, other parameters such as slope
aspects, local relief, slope length, or land use can be included.
)e increasing availability of affordable remote sensing
technology such as drones with various sensors can make it
easier to capture more detailed data as well
[67, 73, 76–78, 80, 81, 83–85].

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.

Table 4: Sampling density for the geomorphometry method per
landform arrangements.

Arrangement Sample Area
(hectares)

Sample/
ha

Sample/
km2

Interfluve 25 41.203 0.607 61
Upperslope 26 44.439 0.585 59
Middle slope 37 110.295 0.335 34
Lower slope 22 56.116 0.392 39
Colluvial
footslope 9 20.967 0.429 43

Colluvial plain 5 21.687 0.231 23
Total 124 294.708 0.421 42

Table 5: Cost comparison between geomorphometry approach and
conventional grid method. )e grid method calculations are based
on a survey in 2018.

Geomorphometry
mapping units

Grid method
(60m× 60m)

Number of
samples 124 811

Number of teams 3 3
Time for survey 8 54
Cost (1
USD� 14,500 IDR) $ 256.27 $ 1,676.07

Cost/km2 $ 85.42 $ 558.69
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