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Abstract
The need for agricultural cultivation land is increasing significantly nowadays. However, land expansion which is not accompanied

by integrated land management and good development plans can lead to land degradation. As a result, many landslides occur especially in hilly areas. Due to limited of land, landslide deposit areas have a tendency to be used as an alternative for agricultural cultiva-

tion land. This research was aimed at investigating the landslide deposit as an alternative agricultural cultivation land. Bogowonto
catchment was chosen as the study area. It is an area that has a high level of landslides susceptibility. The Bogowonto has unique

physical environmental conditions in terms of soil and soil parent material. Soil units in the Bogowonto catchment have a thickness

of more than 2 m even though they are found on parts of the slope that are sloping to steep. The combination of sloping slopes, high
rainfall intensity, and very thick soil cause the study area to be prone to landslides.

The research method used in this study was a survey method. Landslide deposit investigation and soil data collection were carried

out on several parts of the slopes of the Bogowonto catchment, which have varied landscape characteristics. The technique of collect-

ing soil sample data was purposive sampling. 8 landslides were chosen as the representatives area to collect soil samples of landslide
deposit. The soil samples were collected at depth of 0-20 cm. Data processing was carried out by spatial analysis. Soil analysis was
conducted qualitatively in the field and quantitatively in the laboratory.

The results showed that landslides deposit area can be proposed as an alternative to fulfil the need for agricultural cultivation

land. Based on land management assessment, the best options for land utilization in landslide deposited area were landslide deposition that contains mainly of soil such as soil derived from volcanic ash, can be cultivated with seasonal crops like cassava, long beans,
turmeric, ginger, and sweet potato. Landslide deposition with mixed material (soil and saprolite) can be cultivated with annual
crops/ wood crops such as sengon, teak wood, and acacia.
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Background
Currently, the need for agricultural cultivation land is increas-

ing. To fulfil this need, most of agricultural cultivation land has expanded to marginal area. Many studies has being discussing about

this matter i.e. [13,15,19,21,22]. In other side, there are also many

threats and dynamics that would be faced in this agricultural cultivation land [34]. [29] revealed that agricultural landscapes cultivat-

ed in hilly region are susceptible to soil loss and mass movement.
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The complex morphology that characterizes this region causes this

wonto catchment has wavy to mountainous topography. This topo-

in hilly areas. Another fact is also shown by the study of [36] proved

(i.e. [13,14,20,23]). The occurrence of erosion and landslides that

region susceptible to severe slope instability. This is also inline
with the study of [27] stated that soil erosion is the main problem

that agricultural in hilly area is very sensitive to nutrient loss. However, the need for agricultural cultivation land should be fulfilled.

The alternative for land use may become the best options of land

management with considering and attempting of adoption the ex-

graphic condition is very prone to cause the process of transporting surface material such as erosion and landslides intensively

dominates in this area becomes an obstacle in the development of
agricultural cultivation land.

Appropriate land use management is the core of the study in

isting condition of the areas.

development of agricultural cultivation land. For this reason, it is

need for agricultural cultivation land. Landslide deposit area has

agricultural cultivation land in these study area. The aim of this

Landslides deposit area becomes one of alternative to fulfil the

a probability to be reused as an agricultural cultivation land since
Bogowonto catchment area has high level of landslide susceptibil-

ity. Many areas surrounding Bogowonto catchment are suffered
by landslides, which have been proved by many researches in that
particular area, i.e. [2,14,20,23,24]. Therefore, there are many landslide deposit areas that can be used as an alternative to develop

agricultural cultivation. This option arises because most people depend on their main income from farming activities.

Integrated land management and development is urgently

needed at this time. Land management is assigned as one of the

most important questions of agricultural production [17]. This is

considering the increasing need for agricultural land which must

be accompanied by good and balanced concept of land use plan-

necessary to conduct an integrated study between land management and soil characteristics which is also useful for maintaining
research is investigating the landslide deposit as an alternative agricultural cultivation land.

Methods

Middle part of the Bogowonto catchment area (Figure 1) was

chosen as the study area because this area has a high susceptibility
of landslides. This condition is caused as a result of simultaneously

geological processes that resulted in various soil genesis and relief.
The dominant soil parent materials in the study area such as vol-

canic ash materials, intensive weathering of the parent rocks, and
altered parent rocks. In simply, those various soil parent material
caused a variation of landslide deposit characteristics.

ning. The aims of planning of land use are efficiency, equity, accept-

ability, and sustainability [32]. The management and development
of agricultural land requires basic needs in the form of data and
maps that can support the strategic planning.

Understanding of physical properties of the soil is the initial

stage to know the characteristic of particular agricultural land. An
example of the benefit of land management to soil condition was

shown in the study of proved that maintenance of 50-70% ground

cover shown to be effective to reduce soil erosion, and contributing to increasing soil carbon content [8]. Adoption of appropriate

land use planning based on soil resource information with scientific management practices for crops are a significant alternative
for enhancing farmers’ income [25].

The Bogowonto Catchment Area is part of Magelang, Pur-

worejo, and Wonosobo Regencies which is geomorphologically
located in the Kulonprogo Mountain range. In general, the Bogo-

Figure 1: Study area.
Tools and materials used in this research include aerial pho-

tography, soil samples, and mapping software. Aerial photography

Citation: Nur Ainun Harlin Jennie Pulungan. “Agricultural Cultivation Land on Landslides Deposit, Bogowonto Catchment, Central Java, Indonesia". Acta
Scientific Agriculture 5.9 (2021): 30-37.

Agricultural Cultivation Land on Landslides Deposit, Bogowonto Catchment, Central Java, Indonesia
32

was used to make tentative maps and to analyze geomorphic pro-

tribution of particle size of landslide deposit showed a dominant

processing and presenting research data.

slide deposit, ranging from 19 - 61% and 11 - 73% respectively. On

cesses. Soil samples as the main material for investigation of soil

characteristics in the study area. ArcGIS 10.7 software was used for

The research method used in this study was a survey method.

Field survey was conducted for soil data collection and landslides
investigation. The technique of collecting soil sample data was purposive sampling based on landscape variation in the study area.

There were 8 landslides chosen as the representatives to landslide
deposit characteristics of the study area. The soil samples were col-

portion of silt and clay fraction, at most > 30% (Table 1). High percentage of silt and clay was shown in all parent materials of landthe other side, the percentage of sand seems to be very low, ranging

from 6 - 38% (Table 1). Good soil for crops is reflected by the ideal

composition of particle size. In further, the soil which is textured
with silt and clay will have optimum availability for crops, but in
terms of nutrition, clay soil is better than dusty textured soil [11].

The high content of clay in the study area is mostly caused by

lected at depth of 0-20 cm.

pedogenic process of volcanic ash material that has being devel-

regional morphological interpretation. Soil analysis was conducted

the formation of clay minerals. In further, it was explained that at

Data processing was carried out by spatial analysis to process

qualitatively in the field and quantitatively in the laboratory. Qualitatively, soil profile development was directly described using infield morphological differentiation. Meanwhile, quantitative soil

profile development was analyzed in laboratory. Laboratory tests
of physical and chemical properties of soil were conducted only

for several properties which are essential for plant growth such
as: texture, bulk density, bulk volume, porosity, permeability, wa-

ter content, soil consistence (liquid limit, sticky lmit, plastic limit,

tillage limit, and index plasticity), organic carbon, and CEC. The
textures were analyzed using pipette method. The soil consistence

oped into soil. This had been proved by [33] stated that weathering of volcanic ash as finely comminuted igneous rock resulted in
this advanced stage of weathering in the tropics, imogolite and/

or allophane were matillage limitr weathering products under
moderate rainfall condition; noncrystalline Fe- and Al-hydroxides
were matillage limitr weathering products under the extremely
high rainfall condition. Beside pedogenic process, there was also

an alteration process in particular areas that could accelerate the
weathering process of the parent materials, and then form secondary minerals quickly [24].

Those conditions, actually, become the main problem in culti-

was analyzed by casagrande method. The organic carbon (C) was

vating the land in the study area. However, the existence of land-

of soil-filtered sample.

tion during landslide occured. Even though the soil particle sizes

measured using wet method by Walkley and Black (1934). The CEC
analysis of NH4OAc was made at pH 7.0 and followed by distillation

Results and Discussion
The morphological characteristics of landslide deposit were the

initial appearance that may describe whether the deposit is able

to be cultivated or not. Based on field assessments, they showed
that soil structure in landslide deposit was mostly dominated by
crumb to small blocky under weak to moderate grade. The results

slides, in another side, provides a positive impact on land because
it can help to break up the solid soil structure due to pedoturbain the study area were dominated by clay (See table 1), the move-

ment process during landslides caused the soils to be mixed. Consequently, this process resulted in the structure and consistence

of landslide deposit were fragmented (See table 1), and thus the
landslide deposit was easy to be cultivated.

Bulk volume and bulk density have a close relationship with po-

also showed that the landslide deposit has mainly friable for moist

rosity [12]. Bulk volume also affects infiltration, root depth, avail-

the deposit is dominantly rough since the movement of soil mate-

has a range of 1.01 - 1.48 gr/cm3. Bulk volume of landslide deposit

soil consistency and slight sticky to sticky as well as slightly plastic

to no plastic for wet soil consistency. Also, the surface roughness of
rial in the landslide body has mixed the materials.

Particle size distribution is an important soil property that can

describe the impact of landslide on redistributing the soils. The dis-

ability of plant nutrients, and soil microorganism activity so that it

can affect plant growth [29]. The bulk volume of landslide deposit

was usually lower than the nearby non-landslide soils [24]. Bulk

volume is directly proportional to the dominant size of particles
in the soil. The more clay percentage is, the lower the bulk volume
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Types of soil parent materials
Volcanic deposit

Weathered andesitic breccias

Volcanic deposit
interlayer with Altered
andesitic breccias

Type

Crumb

Crumb

Small Blocky

Consistence (moist)

Friable

Friable

Firm

*) Morphological
characteristics
Structure
Grade

Consistence (wet)

Surface roughness

*) Physical characteristics

Texture
% sand

Porosity (%)

Slight sticky - no plastic

Average

Smooth

11.2 - 35.9

38.0

61.3

50.3 - 70.8
8.2 - 19.8

17.23 - 30.86

Sticky limit

15.75

10.81 - 17.65

Liquid limit

Plastic limit

Tillage limit

Plasticity index

*) Chemical characteristics

C-Organic (%)

CEC (meq/100g)

42.06
24.86

18.23
9.32

Average
0.4

27.9

22.0 - 59.3

Clay

6.64

1.89 - 2.41

2.01

28.5

11.1 - 36.6

6.41

24.22

Sandy loam loam

Average

2.26

16.9

1.82 - 6.48

0.2 - 0.94

1.20 - 1.46

Range

Sticky - Slightly plastic

18.95

4.56

1.24

Rough

Moderate

36.7 - 59.0

61.02

Water content

Permeability

45.1

50.02 - 63.46

0.48

Bulk Volume (g/cm3)

Loam

54.3

Bulk Density (g/cm )
3

Slight sticky - no plastic

Average

Silt loam - silt

11.6

Weak

Range

Silt loam
27.1

% silt

% clay

Weak

1.51

4 - 25.2

52.8 - 77.0

1.43 - 1.67

4.32 - 7.14

73.71

43.58
1.11

1.27

6.41

Rough

Range

Silty clay loam
- Clay
5.09 - 15.29

12.37 - 25.39

28.93 - 79.83
30.71 - 52.42
1.66 - 2.34

1.01 - 1.48

0.32 - 2.66

4.28 - 10.51

38.87 - 48.12

52.88

47.33 - 69.87

60.05

40.80 - 79.03

10.92 - 21.65

13.12

10.67 - 18.34

10.91

7.00 - 18.12

14.78 - 38.08
7.56 - 13.65
Range

0.32 - 0.68

21.08 - 33.65

32.97
20.89

10.95

Average
0.7

18.8

22.23 - 45.18
16.87 - 35.81
3.01 -19.21
Range

0.56 - 1.03

16.23 - 23.78

Tabel 1: Average of soil properties in landslide deposit areas.

will be. Soils that have a high clayey content have a large surface

area so they tend to have a high interaction with water, and the

42.2

53.10

30.50 - 52.70
37.5 - 63.96

16.85

10.30 - 29.55

8.7

5.6 - 10.2

Average
1.04

Range

0.08 - 1.35

Permeability in landslide deposit have a lower value than it in

inactive landslides. Active landslides indicate that the soil condi-

clay fraction has a wider micropore space causing a high porosity

tions have been stirred so that the soil conditions are more friable.

root growth. Therefore, landslide deposit in the study area has a

soil permeability. The dominant permeability value in the study

density. According to the [29], soils that have a clay texture of more
than 45% and a bulk volume of less than 1.1 g/cm3 are good for

potential to support plant root growth.

Permeability describes the stability of the structure [12]. This is
supported by [7] which states that landslide deposits cause low
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area varied from slightly slow to moderate which can indicate that
the soil texture had a more dominant of fine fraction.

Tillage limit is a crucial property showing the ability of soil to

be cultivated. Soil with low tillage limit is more difficult to be culti-

34

reveled that C content is often high in the smooth relief because C
content in the rough relief may be diminished by enhanced erosion
and deposition.

C-Organic is part of organic matter which has crucial role in pro-

vated than soil with high tillage limit. The tillage limit of landslide

viding soil nutrient. With the high content of organic matter will

be cultivated. The level of tillage limit of landslide deposit is sig-

tillage limitwigeno, 2003). Also, the higher the organic matter de-

deposit in the study area is categorized into medium to high level.
Therefore, this result showed that the landslide deposit is able to
nificantly depended on sticky limit and plastic limit. It is because
tillage limit was derived from magnitude of difference in water content at the plastic limit and sticky limit [31]. Sticky limit of landslide

affect the pore space. The higher the organic matter in the soil, the

more large soil pore space and the greater the soil porosity (Hartermine the level of soil fertility [1].

Cation Exchange Capacity (CEC) was also significantly affected

deposit in the study area showed a very high level. High percentage

by landslides. On average, CEC content ranged from 8.7 to 27.9

just in medium level. The combination of those consistence limit of

degree of landslide deposition [7]. Similar to C-Organic, CEC con-

of clay in the study area become the main reason for this very high
of sticky limit. Furthermore, plastic limit of landslide deposit was
landslide deposit resulted in medium to high level of tillage limit.

Plasticity index is one of soil consistence parameter that is

also significantly affected by landslides. Plasticity index was usu-

ally significant in clayey soil since it may describe the elasticity of
soils. The plasticity index of landslide deposit in the study area was

(meq/100g) (Table 1). CEC significantly decreased following land-

slides, furthermore, these decreases were greater with increasing

tent had lower content in the landslide deposit due to the movement resulted from landslide activities. A mixing process in land-

slide deposit might refined the clay structure, and thus decreases
the CEC.

categorized into high level. Therefore, it showed that the landslide

deposit is also able to be cultivated. The level of plasticity index

of landslide deposit is significantly depended on the limit of liquid
and plastic. It is because plasticity index was derived from magni-

tude of difference in water content at the limit of liquid and plastic
[31]. The liquid limit of landslide deposit in the study area showed

high to very high level. Soil that has high liquid limit proves that the

soil is able to hold the maximum amount of air. Furthermore, the
plastic limit of landslide deposit was just in medium level. The com-

bination of those consistence limit of landslide deposit resulted in
high level of plasticity index.

C-Organic was significantly affected by landslides [5]. How-

ever, among the types of landslide deposit, there were no significant differences of C-Organic content. On average, C-Organic con-

tent ranged from 0.5 to 1.04% (Table 1). This C-Organic content

was categorized into low to very low level. [24] revealed that C-

Organic of landslide deposit was often lower than that of nearby

non-landslide soil. This result is consistent with several previous
studies which found that in the rough topographic areas, landslides
mobilized the carbon significantly [5]. It was also examined by [4]

Figure 2: Landslide body used as an agricultural cultivation
land in the study area: (a) landslide deposit which contains

mixed of soil and saprolite planted by wood crops; (b) landslide
deposit which contains mainly of soils planted by seasonal
crops.
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Due to those characteristics of soil properties, landslide deposit

content of clay. However, land expansion in areas under intensive

tillage limit and plasticity index. The tillage limit and plasticity in-

crops should be considered in order to use the particular soil as

in the study area seems to be suitable to be used as an alternative

agricultural cultivation land. The important point were shown by

dex of landslide deposit showed that the landslide deposit has a

possibility to be cultivated. High content of clay, which is the main
problem in the study area, can be solved due to landslide activity.

The landslides, in fact, can change the soil structure which is mostly

compact to be broken up. Consequently, the characteristics of land-

slide deposit was usually loose material and unwell-sorted grain
sizes. It was shown by morphological characteristics of the landslide deposit which have crumb to small blocky soil structure un-

der weak to moderate grade, and having mainly friable soil consistence (Table 1). Furthermore, it was supported by [24] stated that

landslide deposit may act as a new soil parent material at landslide
susceptible areas. This is because most of landslide deposit plays a

role as the upper-most layer of soil and retards the underneath soil
development.

Landslide deposit was a mixture of all materials in the form

of soil, soil parent material, and rock. Based on its characteris-

land degradation must be in accordance with the characteristics

of particular land. In landslide deposited areas, suitable types of
agricultural cultivation media. Landslide deposit contained mainly
of soil was suggested to be planted with seasonal crops. Landslide

deposit contained by mixed of soil and saprolite were possible to
be planted with wood crops.
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