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ABSTRACT

The topographic position is among the factors influencing soil formation. This study aimed to characterize and

classify the soils used for sugarcane plantation developed in different topographic position. This research was

conducted in the sugarcane plantation area of Camming, District of Bone, South Sulawesi, Indonesia, from Novem-

ber 2017 to March 2018. Soil observation was carried out on 3 transects, where each transect consisted of three soil

profiles located in different position namely summit, backslope, and valleys. Soil samples from each horizon were

analyzed for their physical, chemical and micromorphology characteristics in the laboratory. The soil classification

system was done by using soil taxonomy up to subgroups level. Results showed that soil characteristics, i.e. soil

depth, cation exchange capacity, and the sum of basic cations were likely to increase in the valley than in the

backslope and summit. The primary minerals, mainly quartz, calcite, biotite, opaque, and orthoclase,  were found

especially in the backslope and valley. The pore types consisted of vugh and packing void pores. Pedofeature type

of soil was generally in the form of concretions and nodules that showed the process of oxidation and reduction.

The soil type in the study area was classified into Typic Haplustepts and Typic Haplustalfs.

INTRODUCTION

The topography is one of determining factors

of soil formation (Jenny 1941; Alijani and Sarmadian

2014; Dessalegn et al. 2014; Lawal et al. 2014)

through its roles in water flow, both in the land

surface (runoff) and inside the land (infiltration). The

topography is a major factor controlling both

hydrological and soil processes at the landscape

scale. This is well-known that qualitatively of

topography, along with parent materials, climate,

biota, and time, is one of the fundamental soil-forming

factors (Seibert et al. 2007). Besides energy, the

position is also an important factor in topography.

Wood (1942) divided the topographical position into

four parts, which were “waxing slope, free face,

debris slope, and pediment.” Ruhe (1960) conducted

Posisi topografi adalah salah satu faktor yang mempengaruhi pembentukan tanah. Penelitian ini bertujuan untuk

mengkarakterisasi dan mengklasifikasikan tanah berbagai posisi topografi di daerah perkebunan tebu. Penelitian ini

dilakukan di daerah perkebunan tebu Camming, Kabupaten Bone, Sulawesi Selatan, Indonesia yang dilakukan dari

November 2017 sampai Maret 2018. Pengamatan tanah dilakukan pada 3 transek dan setiap transek terdiri dari tiga

titik profil yang terletak di posisi yang berbeda, terdiri dari puncak, punggung, dan lembah. Setiap sampel tanah

horizon dianalisis di laboratorium untuk mengetahui karakteristik fisik, kimia, dan mikromorfologi. Sistem klasifikasi

tanah dilakukan dengan menggunakan taksonomi tanah sampai ke tingkat subgroup. Hasil penelitian menunjukkan

bahwa kapasitas tukar kation, kedalaman tanah, dan jumlah basa-basa dapat tukar cenderung meningkat di lembah

dibandingkan punggung dan puncak. Mineral primer antaralain kuarsa, kalsit, biotit, opak, dan ortoklas ditemukan

terutama di bagian punggung dan lembah. Jenis-jenis pori terdiri dari vugh dan packing void. Jenis pedofeature

umumnya berupa konkresi dan nodul yang membuktikan telah terjadi proses oksidasi dan reduksi. Jenis tanah di

daerah penelitian diklasifikasikan menjadi Typic Haplustepts dan Typic Haplustalfs.
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some modification and changed the topographical

parts into five elements in a fully developed

“hillslope,” they were “summit, shoulder, backslope,

footslope, and toe slope.” Conacher and Dalrymple

(1977) defined slope as a three-dimensional unit that

moved from the summit to the valley related to the

interaction between soil material and movement, and

the shift and sedimentation of entities by water and

gravitation. The differences in soil characteristics

associated with landscape position are usually

attributed to differences in the runoff, erosion and

deposition processes that affect soil genesis (Dengiz

et al 2006; Dengiz 2010; Yair 1990; Lark 1999).

These processes will cause some differences in

characteristics and soil properties as well as the

differences in soil types in certain categories. For

the regions with oblique and hilly topography, the

soil layer will be thinner due to erosion; on the other

hand, regions with flat topography will have thicker

soil layers due to the sedimentation process. The

water flow from the summit to valley regions will

bring the materials in the soil and the materials

sediment. This process influences the characteristics

and soil type, which tend to have a different pattern

of formation. 

Indonesia is one of the countries with great

potential of sugar production. Based on the data

acquired from The Directorate General of

Indonesian Plantation (2012), the biggest production

central of sugarcane in Indonesia was located in

the East Java with the total area of 196,391 ha of

sugarcane plantation; meanwhile, there was a total

of 13,500 ha of sugarcane plantation in South

Sulawesi, which spread in various regions and the

biggest three sugar factories were owned by PT.

Perkebunan Nusantara (PTPN) XIV, which Arasoe,

Camming, and Takalar. One of the sugar factories

in PTPN XIV that has a unique topographical

characteristic, which has never been scientifically

studied before was Camming, located in Sub-district

Libureng, District of Bone. Topographically, the land

is dominated by corrugated with weak undulating

characteristics. 

The production and quality of sugarcane are

greatly influenced by the land quality, superior genetic

potential of plants, and the aspect of appropriate

land management. The land quality is highly related

to land characteristics and climate. Sugarcane

plantation in Indonesia is commonly located in regions

with moderately dry and dry climates. The

sugarcane plantation area in Camming is included

into a moderately dry area, which is characterized

by consecutive four dry months (<75 mm month-1).

The data information of soil type in the Camming

sugarcane plantation based on the reconnaisance

map of soil type of South Sulawesi (Lembaga

Penelitian Tanah 1968) by scale 1:500,000, it was

found that there were three types of soil in Camming

area; they were 16% Grumosol, 7% Litosol, and

77% Mediterranean soil of the total plantation area.

Mediterranean soil has high base saturation, high

number of exchangeable bases, and neutral to

moderate alkali pH. Based on the system of soil

classification according to soil taxonomy system

(2014), the Mediterranean, Grumosol, and Litosol

soil match to Alfisol or Inceptisol, Vertisol, and

Entisol, respectively. However, its compatibility

needs to be further proven by the determination of

soil type in the observation unit location of the

selected soil into the soil subgroup level. The

classification resulted based on soil taxonomy could

help the land use planner to determine the most

appropriate management for certain types of soil,

which was already known by its characteristics and

main inhibiting factors; therefore, it would be easier

to conduct the optimization of land resources.

Based on the aforementioned explanation, it

was important to conduct research that aimed to

describe the characteristics and to classify the type

of soil in different topographical positions in the area

of Camming sugarcane plantation in the District of

Bone, South Sulawesi based on the soil taxonomy

system in subgroup level. 

MATERIALS AND METHODS

Study Site

This research was conducted in the area of

Camming sugarcane plantation in South Sulawesi,

which was carried out from November 2017 to

March 2018. This is a humid region with an annual

rainfall of 2.000 mm. The region is located at 125

meters above sea level. Geologically, the area was

formed from limestone, sandstone, siltstone, and

conglomerates. This research area had been used

for sugarcane since 1984. Organic matter and

fertilizer are commonly applied with the rate of 5

tons organic matter ha-1 and 300 kg urea ha-1, 250

kg SP-36 ha-1 and 150 kg KCl ha-1. 

Research Methods

This research applied the descriptive method;

the researchers conducted observation and

description of 9 soil profiles in three transects. Each

transect consisted of three profile points located in

various positions, which were summit (PC),

backslope (PG), and valley (LM) (see Figure 1).
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As many as 18 disturbed soil samples were taken

from each horizon and were analyzed for its physical

properties (soil structure, color, and texture),

chemical properties (pH, organic carbon, cation

exchange capacity (CEC), and base saturation (BS),

and micro-morphological characteristics in the soil

laboratory. 

Soil Analysis and Classification

The soil samples were air-dried, crushed and

screened using a 2 mm sieve. The soil texture was

determined by the hydrometer method (Bouyoucos

1951) and organic matter by the Walkley-Black

digestion method (Nelson and Sommers 1982). Soil

reaction (pH) was determined according to the

methodology of the Soil Survey Laboratory (1992).

Exchangeable cations and cation exchange

capacities (CEC) were measured by using the 1 N

NH
4
OAC (pH 7) method (Soil Survey Laboratory,

1992). The soil micro-morphological analysis was

conducted by using a polarized microscope to

observe the thin incision made in the soil (thin

section). The type and method of soil analysis

followed the soil survey laboratory methods and

procedures for collecting soil samples (SCS-USDA

1982; Soil Survey Staff 1992). Soil classification

according to the system of soil taxonomy to subgroup

level was done by applying the 12th edition of the

guidebook for soil taxonomy (Soil Survey Staff

2014). 

RESULTS AND DISCUSSION

Physical, Chemical and Morphological

Characteristics of Soil 

The depths of soil solum were in the range of

45 to 80 cm in the summit area, 60 to 80 cm in the

back slope, and 90 to 100 cm in the valley. The

differences in the depth of soil solum were influenced

by different topographical positions, where the soils

in the summit slope and back slope had eroded and

underwent a sedimentation process in the valley

area. The soil texture in horizon A and B in the valley

part in almost all transects were silty clay loam;

meanwhile, in the summit and back slope were silty

clay and sandy clay loam, respectively. The

difference of texture class was influenced by erosion

process through the summit and back slope area,

causing the soil particles to be brought and remained

in the valley area, therefore clay and silt particle

were dominant in the valley area. The soil structure

on horizon A and horizon B in the summit area were

classified into sub-angular blocky; the soil structure

on horizon A and horizon B in the back-slope area

were granular, while the soil stucture in the valley

area of horizon A was granular and horizon B

was sub-angular blocky. The different structure

shape of the three topographies was caused by the

influence of soil humidity, microorganism activity,

plant roots, decaying organic matters, and cations

Figure 1. Map of research location
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trapped in the soil. This was following Oades (1984)

that showed that the difference of soil structure was

influenced by the humidity and aridity of soil,

microorganism activity and roots spread in the soil,

cations trapped in the soil colloid, and the decaying

organic matters. 

The soil color also varied in different

topographical position. The value and soil chroma

on valley areas were less than three (wet), while in

the summit and back slope was less than five (wet).

The soil color on horizon A was darker compared to

horizon B on each transect and different

topographical position. The difference of color in

three topographical positions was caused by the

content of organic matters. This corresponded to

Sandra et al. (2004) opinion that the cause of

different colors on the soil surface was commonly

due to the content of organic matter. As the soil

contained more organic matters, the soil color would

be darker or, on the contrary, as the soil color was

lighter, the content of C-organic in the soil was also

lower. 

The soil bulk density in all observation points

was in the range of 1.3 to 1.5 g.cm-3. The value of

bulk density in some profiles showed moderately

high value reaching 1.5 g.cm-3 that could be caused

by low content of organic matter in the soil. Soil

with high organic matters would have lighter soil

bulk density value, and on the contrary, soil with

low organic matters would have heavier soil bulk

density value. The pressure from heavy machinery

used to cultivate the land also causes high soil bulk

density in the area of Camming sugarcane

plantation. Furthermore, the characteristic of bulk

density was also influenced by soil texture.

Chaundhari et al. (2013) research showed that the

type of soil texture had a significant influence on

the value of soil bulk density. The sedimentation

activity bringing fine particles also influenced soil

solidity. Hardjowigeno (1995) stated that the solider

or finer the soil was, the higher soil bulk density,

which meant that it would be more difficult for the

soil to carry water or to be penetrated by plant roots.

Table 1 presented the data of field observation and

the analysis result of soil samples. 

Soil reaction (pH H
2
O) on the research location

was in the range of 5.6 to 5.8. The pH tended to

increase from the morphology located in the upper

part to the lower part. The increase was caused by

the leaching of bases from the land surface to the

lower part of the soil horizon. This corresponded to

Sutanto (2003) opinion that ion Ca, Mg, K, and Na

in the soil could decrease the concentration of ion

H+ in the soil solution. Ion H+ produced by the

leaching process of cations in the soil caused soil

acidity. This was also following the results of Nurdin

(2012) that pH value in the upper horizon was

commonly lower than the lower horizon as the result

of the leaching process under the solum and nutrient

absorption by the plants. The leaching process would

be more intensive if rain occurred on the flat to

sloping regions with good drainage. 

Cation exchange capacity (CEC) was

commonly lower in horizon A compared to horizon

B. The value of soil CEC in the valley was higher

compared to the ones in the summit and back slope.

This was due to the soils in the summit and back

slope physiographic position underwent erosion

process where the soil particles were brought and

sedimented in the valley. Different CEC value was

also caused by the effect of giving fertilizer and the

effect of the number of clay minerals and organic

materials in the soil. According to Hakim (1986),

the amount of soil CEC was influenced by the

properties and characteristics of the soil itself, which

were 1) soil reaction or pH, 2) soil texture or amount

of clay, 3) type of clay minerals, 4) organic materials,

and 5) liming and fertilizing. 

The values of base saturation in each

observation point showed a moderate to a very high

value (BS >50%), which indicated that the soils

were still dominated by soil alkaline cations. Tan

(1991) stated that base saturation was commonly

used as an indication of soil fertility. The highly fertile

soil was the one with more than 80% of base

saturation. The moderately fertile soil was the one

with between 50% to 80% base saturation, and

infertile soil was the one with less than 50% base

saturation. This was also consistent with Daru (2011)

who indicated that soil with a high degree of base

saturation is fertile soil and is rich with nutrients.

The high value of exchangeable bases in each soil

profile was determined by the position of the profile,

which was commonly located in the hillsides and

valleys; therefore, sediment could bring bases from

the upper hillsides with a higher slope level. It

corresponded to Sutanto (2003) who showed that

each hillside with a high slope was prone to the

transportation of soil formation materials. 

The soil organic-C content in horizon A was

relatively higher compared to horizon B.

Furthermore, the valley topographical position would

have relatively higher organic-C content if compared

to the summit and back slope. However, the

percentage of organic-C was generally in the range

of 1.9% to 2.3%. This difference was caused by

the leaching process in the summit and the back

slope position was mainly through the mechanisms

of surface flow due to the topographical position.

Rahayu et al. (2014) showed that soil organic-C
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content tended to have a similar pattern: the

organic material would decrease consecutively as

the depth of soil increased. This was mainly caused

by the decomposition process of organic materials

by microorganisms that was likely to happen in the

top layer. 

The soil micromorphology analysis using h

polarized microscope successfully detected the type

of mineral constituents, pore type, and soil pedo-

feature type. Generally, the dominant soil minerals

in each transect were quartz, calcite, and biotite.

The content of soil minerals, especially calcite, was

likley to decrease in the sloping area. This was

caused by the high intensity of rainfall which caused

soil erosion; therefore, soil minerals that were

relatively easy to decompose would undergo a faster

decomposition process and would be difficult to be

found in the valley area.

The dominant pores found in each transect

were vugh and packing void. Vugh pore types were

mainly found in smooth soil texture (Schaetzl and

Anderson 2005). It could be formed due to the

sedimentation process of primary particles.

Furthermore, soil structure composed of fine particle

fraction also influenced the formation of vugh pore.

Vugh pore type dominantly formed in soil with finer

texture due to the decomposition process that had

further developed. The pores that were not

connected to the void walls were included in an

irregular shape. The process of mineral

decomposition into smaller particles would cover the

connected void; therefore, it would further develop

into a single void. On the other hand, packing void

type was the cavity formed between big-sized

particles. The irregular development of pores was

caused by the difference of mineral resistance found

in each soil layer. This difference formed the

cavities (pores) that were significantly different

across its minerals. Figure 2 presented the

appearance of packing void and vugh pore type

found in the research location.

The soil pedo-feature found in each transect

was in the form of concretions and nodules, which

showed the process of oxidation reduction in the

soil. Concretions were formed in the soil from a

mineral that underwent decomposition process on

its crystal edges and formed oxide layer. The shape,

size, and color varied depending on its chemical

structures. The appearance of concretions and

nodules could be seen in Figure 3.

Soil Classification

Based on the system of soil taxonomy, soils of

Camming sugarcane plantation were classified into

Figure 2. The appearance of (a) packing void and

(b) vugh pores (arrow mark).

Figure 3. The appearance of concretions (arrow

mark) (a) and nodule (b) on a thin section

of soil sample.

(a)

(b)

(a)

(b)
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two ordos; namely, Inceptisols and Alfisols. In the

subgroup level, they were further classified into Typic

Haplustepts and Typic Haplustalfs. Typic

Haplustepts soil (Figure 4a) was found in summit,

backslope, and valley regions with sandstone

(arenite) as its parent rock. This soil commonly had

the recent geomorphological surface, therefore the

formation had not developed further. The soil texture

was commonly silty clay loam, silty clay, sandy clay

loam, and clay. The depth of soil was quite shallow

to medium with good drainage. The soil pH was

quite acidic; the cation exchange capacity was low

to medium with high base saturation. These data

confirmed Nurdin (2012) who also found that

Haplustepts commonly had clayey texture, acidic

to slightly alkaline, moderate nutrient content and

reserves, and medium to high cation exchange

capacity. 

Typic Haplustalfs (Figure 4b) was found in

summit, back-slope, and valley regions.  This soil is

on the slope of 8% to 15%, and originated from

metamorphic rocks. This soil was characterized by

its argillic horizon (Bt), y clay loam and silty clay

loam in texture. This shallow to medium soils had a

good drainage. The soil reaction was quite acidic;

low to medium cation exchange capacity, yet high

base saturation.

CONCLUSIONS

Soils in some selected profiles in the area of

Camming sugarcane plantation in South Sulawesi

was formed due to the influences of topographic

position, rainfall, and the primary soil materials with

characteristics such as soil solum, cation exchange

capacity, base saturation, and the primary minerals

Figure 4a. Soil profiles were classified as Typic Haplustepts.

Summit Back-slope Valley

Summit Back-slope Valley

Figure 4b. Soil profiles were classified as Typic Haplustalfs.
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from the sand fraction which were likely to be

different on each topographic position in the summit,

back, and valley. The types of pores consisted of

vugh and packing void pores; and the pedo-feature

type of soil was generally in the form of concretions

and nodules.

There were two types of soils (sub group) in

some selected profiles in the area of Camming

sugarcane plantation in South Sulawesi, which were

Typic Haplustepts and Typic Haplustalfs that found

in the physiographic position of summit, back, and

valley regions with slope ranged from 8% to 15%.
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