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Abstract - The most potential soil order in Indonesia is dominated by Inceptisols, whereas the topography combined
with a climatic factor are the main factors to regulate pedogenetic process. This research was intended to determine
the pedogenetic process and soil development on various terrain positions at the southeast toposequence of Mount
Manglayang areas that have hilly topography. The researched areca was 28.83 ha. Based on those conditions, this
research aims to study the pedogenetic process and soil development in the southeast slope toposequence of Mount
Manglayang, the relationship between the physical, chemical, and mineralogical soil properties, the soil classifica-
tion to family level based on soil taxonomy, National Soil Classification, and FAO soil classification systems. This
research used survey, descriptive, and comparative methods. The result showed that the pedogenetic processes iden-
tified were the formation of B horizon through clay accumulation, soil colour, and soil structure development, and
the formation of amorphous kaolinite and halloysite minerals. Based on soil taxonomy, the soil were classified as
Fluventic Humudepts, coarse-loamy, kaolinitic, isohyperthermic at the upper slope and Fluventic Dystrudepts, fine-
loamy, kaolinitic, isohyperthermic at the middle and lower slopes. According to National Soil Classification, the soil
is Humic Cambisol at the upper slope, Distric Cambisol at the middle slope, and Cromic Cambisol at the lower slope.
FAO classified the soil as Umbric Cambisols at the upper slope and Dystric Cambisols at the middle and lower slopes.
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INTRODUCTION

The southeast toposequence of Mount Mang-
layang, Subregency of Jatinangor, Sumedang
Regency, has an area of 26.2 km?. It has undulat-
ing to hilly topography with the altitude of 725
- 900 m asl. and the mean rainfall of 492.64 mm/
month. Jatinangor is categorized as the B, agro-
climatic zone (Oldeman, 1975) with the mean
rainfall of 1,500 - 2,000 mm/year. This research
was conducted along the upper, middle, and lower

slopes of the southeast toposequence of Mount
Manglayang. The location was an intensive agri-
cultural area. Land use is one of factors that can
influence soil development. An intensive tillage
is considered to have an impact on the process of
soil formation and development.

The relationship between slope and soil prop-
erties varies in every location. The more various
the factors of soil formation, the more complex
the soil is. The slope consists of crest, upper slope,
middle slope, and lower slope (Hardjowigeno,
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2003). Slope gradient highly affects weathering,
leaching, and transportation of soil materials due
to soil erosion. This phenomenon furthermore
leads to the difference of soil properties morpho-
logically, physically, chemically, and mineralogi-
cally, because the relationship between slopes and
soil properties is not always the same in all places
(Hardjowigeno, 2010).

Soils have different properties and character-
istics, hence they need a classification to describe
their characteristics (Hardjowigeno, 2003). This
classification is required to simplify and to clas-
sify the various soil properties in order to under-
stand and to manage them easily (Hardjowigeno,
2003). In addition, the soil classification systems
can facilitate soil scientists in communicating
with each other.

Information about pedogenetic processes and
soil classification in the Jatinangor area, based on
various soil classification systems, such as Key

to Soil Taxonomy (Soil Survey Staff, 2014a),
National Soil Classification (Subardja et al.,
2014), and FAO soil classification (FAO, 2015)
were needed for agricutural land development,
considering that this location is a dry land agricul-
tural area. Therefore, the research is important to
identify the soil pedogenetic processes as a basic
data of soil characteristics on the southeast slope
of Mount Manglayang.

METHODS AND MATERIALS

Observation of soil morphology and en-
vironmental condition, and also sampling for
laboratory analysis (physical, chemical, and
mineralogical) were conducted on a toposequence
covering upper, middle, and lower slopes of
Cileles Village, Jatinangor Subregency, Sume-
dang Regency (Figure 1). The soil developed

107'460"E 107°46'15"E
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Figure 1. Aerial photograph of soil profile observation location in the studied area.
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from andesitic volcanic ash materials resulted
from the eruption of Mount Tangkuban Parahu
and Mount Tampomas in Holocene age. The site
of soil profiles was selected and determined based
on the preliminary observation in the cultivated
land. Soil samples were taken in every identifiable
horizon in all profiles. The upper, middle, and
lower slopes had 7; 6 and 7 identifiable horizons
respectively to be sampled.

Chemical and physical analyses were done in
the Soil Fertility and Physical Laboratories, Faculty
of Agriculture, Universitas Padjadjaran. Clay frac-
tion analyses using the X-ray diffraction method
was done in the Soil Research Centre, Bogor, and in
the Center for Mineral, Coal, and Geothermal Re-
sources, Bandung. Most of the laboratory analyses

like particle size analysis, pH H,O, pH, ,, organic

KCP
carbon, basic cations, cation exchange caf)acity, ex-
changeable acidity for H and Al, X-ray diffraction,
mineralogical of the sand fraction followed Soil
Survey Staff (2014b). Analyses of XRD used Phil-
lips APD (Automatic Power Diffractions) with Cu
Kv. Determination of the clay mineral after XRD
analyses followed Brown and Brindley (1980). Soil
bulk density and permeability were measured by

referring to Oldeman (1975).

RESuLTS AND DISCUSSION

Topography

The location of the researched areca was
dominated by slope gradient of more than 40%
of an area of 17.83 ha or 61.84% out of the total
researched area. The area with the slope of 0 —
3% was 0.33 ha (1.14%), slope of 3—8% was
1.03 ha (3.56%), slope of 15 —25% was of 2.31
ha (8.00%), and slope of 25—40% was 5.59 ha
(19.28%). Those phenomena are commonly
found in a mountainous area.

Climate

The researched area showed that the mean an-
nual rainfall within ten years (2004—2014) was 3.6
of dry months and 6.7 of wet months. Based on
those data, it was categorized as C rainfall type,

which means having slightly wet rainfall accord-
ing to Schmidt-Fergusson (1951) classification
with a Q value of 0.576 or 57.6%. Mean rainfall
in the researched area was 2,000 - 2,500 mm/year.
The dry season occurs from June until September,
while the wet season occurs from November until
April. This rainfall type is considered to have a
moderate impact on soil erosion in a sloping area,
therefore the transportation of soil materials and
leaching process unintensively occur.

Soil Morphology

The profile in the upper slope had the soil co-
lour from very dark (7.5YR 2/3) in the Ap horizon,
dark brown (7.5YR 3/3) in the AB horizon, brown
(7.5YR 4/3) in the Bw horizon, dark brown (7.5YR
3/4) in the BA horizon, very dark brown (7.5YR
2/3) in the 2Ab horizon, brown (7.5YR 4/3) in the
2AB and light brown (7.5YR 4/6) colours in the
2Bw horizon. The profile in the middle slope had
avery dark brown (7.5YR 2/3) (Ap), reddish dark
brown (5YR 3/6) (AB), dark brown (7.5YR 3/4)
(Bw), reddish dark brown (5YR 3/6) (2A’b), and
light brown (7.5YR 5/6) (2BC and 2C) colours.
The profile in the lower slope showed a very dark
brown colour (7.5YR 2/3) (Ap), reddish dark
brown (5YR 3/4) (AB), reddish light brown (5YR
4/3) (Bw), reddish dark brown (5YR 3/6) (2A’D),
reddish-brown (SYR 4/6) (2BC), yellowish brown
(10YR 5/6) (2CB), and yellowish light brown
(10YR 6/8) (2C) colours. The upper slope profile
had different soil colour variations vertically, the
top layer is a dark soil colour that gets brighter
downwards, but at a depth of 140 cm the soil
colour darkens and at the depth after that the soil
colour gets lighter. It is suspected that there is a soil
accumulation due to different volcanic eruption
materials. The profile on the upper slope showed
two different sequms (lithologic discontinuity).
Each sequm revealed different genetic horizons.
The first horizon (0 - 18 cm) consisted of one
horizon named as Ap horizon, second horizon (18
- 40 cm) was AB horizon, third horizon (40 - 91
cm) was Bw horizon, fourth horizon (9H40 cm)
was BA horizon, fifth horizon (140 - 156 cm)
was 2Ab horizon, sixth horizon (156 - 178 cm)
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was 2AB horizon, and seventh horizon was 2 Bw
horizon. This phenomenon showed that there iss
accumulation materials deposited in a long period
pedogenically (Arifin et al. 2017).

Soil structure in each profile did not show any
clear different structure, although it had different
topography. Observation in the field exposed that
most of the horizons had sub-angular blocky
and blocky structures of fine to medium size in
moderate development. In the upper horizons,
the structure was crumb and vertically changing
into subangular blocky in the deeper depths with
a higher level of soil development.

The soil was generally presented in friable
to firm consistency. In the upper horizons, the
consistency was friable and became firm in the
lower horizons, but the consistency in BC and
C horizons were friable again. The consistency
change in the BC and C horizons was due to the

Table 1. Soil Morphology Properties of Profiles

weathering process of the parent material (rego-
lith) that was still going on.

Morphological characteristics of profile in the
middle slope showed that there were consisted
of six horizons. First horizon (0 - 16 cm) was
Ap, second horizon (16 - 44 cm) was AB, third
horizon (44 - 78 cm) was Bw, fourth horizon (78
- 102 cm) was 2Ab, fifth horizon (102 - 148 cm)
was BC, and sixth horizon was CB.

Observation of profile in the lower slope
showed that there were consisted of seven ho-
rizons. First horizon (0 - 3 cm) was Ap, second
horizon (13 - 38 cm) was AB, third horizon (38
- 77 cm) was Bw, fourth horizon (77 - 99 cm)
was BA, fifth horizon (99 - 125 cm) was 2Ab,
and sixth horizon was CB, and seventh horizon
was C or parent material.

All profiles at the observation site showed
lithologic discontinuity (Table 1). Lithologi-

Soil Colour

Structure Consistency Texture Pore Root

Ap 0-18 als 7.5YR 2/3 er fr SiCL mi,a 2,a
AB 18-40 a/w 7.5YR 3/3 er fr SiCL mi,a 2,m
Bw 40-91 d/s 7.5YR 4/3 abk SiC mi, a 1, f
Isjlr(’)l;‘: BA 91-140 d/s 7.5YR 3/4 sbk fi SiC  mia If
2Ab 140-158 a/w 7.5YR 2/3 sbk fr SiC mi, m -
2AB 158-178 d/w 7.5YR 4/3 sbk fr SiC mi, m -
2Bw 178-200 d/w 7.5YR 4/6 sbk fi SiC mi, f -
Ap 0-16 a/w 7.5YR2/3 ar fr SiCL mi,a 2,a
AB 16-44 d/s S5YR 3/6 sbk SiC mi,a I, f
Middle Bw 44-78 a/w 7.5YR 3/4 abk fi SiC mi,a I, f
slope 2A’b 78-102 d/s S5YR 3/6 abk fi SiC mi,m 1,f
2BC 102-148 d/s 7.5YR 5/6 abk fi SiC mi,m 1,f
2CB 148-200 d/w 7.5YR 5/6 ar fr SiC mi, m -
Ap 0-13 c/s 7.5YR 2/3 sbk fr SiCL mi,a 2,m
AB 13-38 d/s SYR 3/4 sbk fr SiCL mi,a 2, f
Bw 38-77 d/s SYR 4/3 abk fi SiC mi,a 2, f
leo(f;? 2A°b 77-90 d/s S5YR 4/6 abk fi SiC  mia 2.f
2BC 90-125 d/s SYR 4/6 abk fr SiC mi,m 2,f
2CB 125-184 d/s 10YR 5/6 gr fr SiC mi,m 2,f
2C 184-200 d/s 10YR 6/8 - fr SiC mi,m 2,f

Notes: a= abrupt, d= diffuse, c= clear, s= smooth, w= wavy, gr= granular, sbk= subangular blocky, abk= angular blocky,
SiCL= silty clay loam, SiC= silty clay, mi= micro, 1= fine, 2= moderate, a= abandon, m= many, = few.
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cal discontinuity was indicated by a significant
change in soil colour in the observed profile.
According to Ahr et al. (2017) lithologic discon-
tinuity occurred because of significant changes in
various things such as colour, particle size, and
mineralogy that represent lithological differences
in one soil profile. This phenomenon occured
when there were two or more different parent
materials developed vertically, causing variations
in the soil formation process and the resulting soil
(Devnita et al., 2018).

Chemical Properties
Soil pH

Laboratory analysis (Table 2) in each profile
generally revealed that pH H,O was higher than
PHy(
slope. Profile in the upper slope displayed the in-
crease of pH H,O with depths from 4.80 to 5.35.

except 2AB and 2Bw horizons in the upper

Table 2. Soil Chemical Properties of Profiles

The same pattern was also shown by the profile
in the middle slope (pH 5.12 — 5.30), but did not
show a regular increase in depths. Conversely, the
profile in the lower slope showed a decrease pH
value, from 6.19 to 6.04, except the lowest hori-
zon which had higher pH than the horizon above.
Factors affecting soil pH in this research were
vegetation, soil drainage, rainfall, parent material,
and human activities. In the upper slope profile,
there was leaf litter on the surface soils. The de-
composition of these litters can release dissolved
CO,, which reacted with water molecules and
later produced carbonic acid, so the upper soils
became acid. In addition, human activities, such
as soil tillage and fertilization also caused soils to
become acid. The lower layers in the upper slope
profile showed higher pH with increasing depths
due to basaltic parent material, which tended to
increase soil base content. On the other hand, the

Exchangeable

Profile Horizon ]z;l:lt)h Soil pH ocC (cmol/kg) Ca Mg K Na CEC BS
H,0 KCI % Al H cmol/kg %

Ap 0-18 480 3.58 297 385 302 602 295 057 044 2550 39.16

AB 1840 470 327 188 181 100 489 1.67 030 025 2728 26.04

Bw 4091 516 482 073 000 021 609 319 012 052 2466 4025

Sﬁ)‘}’g BA  91-140 548 490 119 000 052 413 280 0.09 035 2691 27.40
2A'b  140-158 541 511 2.3 000 094 327 18 056 035 1978 30.53

2AB 158178 530 578 118 0.00 000 359 221 0.3 038 18.50 34.15

2Bw 178200 535 592 059 000 010 412 3.03 0.3 037 1633 46.89

Ap 0-16 512 374 197 241 123 223 121 020 028 2262 17.35

AB 16-44 569 419 133 020 042 539 216 014 028 2608 30.55
Middle BA 4478 535 418 030 040 053 338 174 014 025 2299 23.93
slope  2Ab  78-102 447 424 120 020 032 358 216 015 031 2194 2827
2BC  102-148 454 406 060 121 -0.58 458 288 015 078 2334 3596

2CB 148200 530 4.10 061 1.01 035 477 3.06 010 041 19.16 43.56

Ap 0-13 619 472 285 000 010 871 419 072 023 2661 52.04

AB 1338 585 446 161 000 031 676 3.07 077 064 2877 39.09

Bw 3877 560 487 060 000 0.3 678 3.06 042 043 2526 42.28

Lsi’:;? 2A  77-90 551 485 090 000 010 747 320 025 059 2593 4438
2BC  90-125 576 499 061 000 0.10 624 301 020 047 2584 3834

2CB 125-184 550 491 047 000 0.10 611 3.09 054 048 2772 36.86

2C 184200 6.04 490 031 000 010 621 299 128 051 2696 40.75

Information: OC= Organic Carbon, CEC= Cation Exchange Capacity, BS= Base Saturation.
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profile in the lower slope showed a lower pH H,O.
It was due to intensive leaching of basic cations
in the upper slope profile. Therefore, the deeper
the depths, the lower pH values, except in the
lowest horizon (2C) that had high pH due to the
influence of basaltic parent material.

Delta pH

The result revealed that delta pH in the upper
slope profile was around 0.23 to 1.23, while in the
lower slope the profile was around 0.59 to 1.47.
Those results showed the different soil develop-
ment in each profile. It was expected that the lower
slope profile had advanced soil development com-
pared to the upper slope and middle slope profiles.
The upper slope profile showed negative delta pH,
-0.48 (2AB horizon), -0.57 (2Bw horizon), hence
these horizons were expected to have a variable
charge. Delta pH is a parameter that can assess
the level of soil development, where the difference
in pH, , and pH H,O can be used to predict soil
development based on the sign and magnitude of
variable charge (Arifin and Harryanto, 1999). Ue-
hara and Gillman (1981) and Sakurai et a/. (1988)
stated that the point of zero charges (ZPC) was
highly correlated with pH, ., than pH H,O.
Organic Carbon

The result showed that the profile in the up-
per slope had the highest organic carbon in Ap
(2.97%) and 2A’b (2.13%) horizons. The lowest
organic carbon was 0.73% (Bw), 0.59% (2 Bw),
1.88% (AB), 1.19% (BA), and 0.59% (2Bw).
The profile in the upper slope showed a litho-
logic discontinuity in which the organic carbon
increased in 2A’b horizons (2.13%). An increase
in organic carbon at considerable depths from the
soil surface is not common unless it indicates a
previously developed or buried horizon (lithologic
discontinuity) (Devnita et al., 2018). Meanwhile,
the profile in the lower slope had a lower organic
carbon content with increasing depths. The highest
organic carbon was 2.85% in the Ap horizon and
the lowest was 0,31% in the 2C horizon.

Soil forming factors influence the difference in
soil organic carbon. The decrease of organic car-
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bon with depths in the soil profile might due to the
less supply of vegetation in the cultivated land.
Loss of vegetation will trigger the penetration
of sunlight which can increase soil temperature,
thereby spurring the decomposition of organic
matter (Sabaruddin et al., 2009). This land use
type only depended on seasonal crops and grass
as a source of organic carbon (Sugirahayu and
Rusdiana, 2011).

Cation Exchange Capacity

Results of the analyses informed that all pro-
files showed the decreasing of the CEC value
along with the increasing of soil depth. The upper
slope profile had the highest CEC value on the
AB horizon (27.28 cmol/kg) and the lowest on
the 2Bw horizon (16.33 cmol/kg). Therefore, this
upper slope profile had experienced weathering
along with increasing depth. The middle slope
profile had the highest CEC value in the AB ho-
rizon (26.08 cmol/kg) and the lowest in the 2CB
horizon (19.16 cmol/kg).

The lower slope profile had the highest CEC
value in the AB horizon (28.77 cmol/kg) and
the lowest in the Bw horizon (25.26 cmol/kg),
but in the 2CB and 2C horizons the CEC value
was higher than the overlying horizon, showing
that the level of weathering in the 2CB and 2C
horizons was lower than the 2BC horizon. Similar
to the upper slope profile, the middle and lower
slope profiles showed the decreasing CEC value
along with the increasing of soil depth. It can be
said that these three profiles had continued weath-
ering. The high CEC value on the AB horizon in
each research profile showed that the leaching of
cations that occurs on the AB horizon was still
going on (Arabia ef al., 2018).

Base Saturation

The profile in the upper slope had base satura-
tion around 26.04 - 46.89%, categorized as low
to medium. The profile in middle slope had base
saturation around 17.35 - 43.65%, also classified
as low to medium. Meanwhile, the profile in the
lower slope had base saturation around 36.86 -
52.04% categorized as medium to high. Base
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saturation describes the level of leaching of base
cations in the soils (Sudaryono, 2009). Labora-
tory analyses showed that all observed profiles
had low to high base saturation. Therefore, high
leaching of base cations might not occur in upper,
middle, and lower slope profiles. Base saturation
also describes the percentage of basic cations to
cation exchange capacity. It is not always due to
leaching. It can be found in every horizon, with
or without leaching.

Physical Soil Properties
Soil Texture

Table 3 showed that the upper slope profile
generally had silty loam texture in the Ap, AB,
Bw, and BA horizons. In those horizons, the
amount of sand fraction was less than silt frac-
tion, while clay fraction was less than silt fraction,
except in 2Ab, 2AB, and 2 Bw horizons. Sandy
loam texture had more sand fractions than silt
and clay fractions. Generally, the sand fraction

Table 3. Soil Texture Classes of Profiles

was less compared to the silt fraction, while the
silt content was higher than the clay fraction.
Therefore, the upper slope profile was dominated
by silt fraction.

The high content of silt in the upper slope
profile was assumed due to the ongoing process of
weathering. The same result was also observed in
each horizon of the middle slope profile, but it had
more clay content than in the upper slope profile.
The upper slope profile did not show a regular
decrease or increase of sand, silt, and clay frac-
tions based on soil depths as a diagnostic horizon.
It might be due to more intensive weathering and
clay leaching from surface soils.

The lower slope profile showed the same result
as profiles in the upper and middle slopes, domi-
nated by silt fraction. Meanwhile, the amount of
sand fraction was less than silt and clay fractions
in these profiles. However, the clay fraction ex-
hibited an increase amount based on soil depths. It
might be due to clay leaching from surface soils.

Profile Horizon Depth (cm) Sand (%) Silt (%) Clay (%) Class of Texture
Ap 0-18 43.25 40.69 16.06 Loam
AB 18-40 40.08 45.24 14.68 Loam
Bw 40-91 24.55 51.52 23.94 Silty loam
upper slope BA 91-140 35.25 50.98 13.77 Silty loam
2A'd 140-158 62.88 28.97 8.15 Sandy loam
2AB 158-178 57.59 32.51 9.90 Sandy loam
2Bw 178-200 39.77 43.18 17.06 Loam
Ap 0-16 37.69 42.55 19.76 Loam
AB 16-44 18.91 52.35 28.74 Silty clay loam
BA 44-78 25.79 47.61 26.60 Clay loam
middle slope
2A' 78-102 20.86 51.23 27.91 Silty clay loam
2BC 102-148 30.65 45.17 24.18 Clay loam
2CB 148-200 14.72 55.36 29.92 Silty clay loam
Ap 0-13 47.43 38.88 13.69 Loam
AB 13-38 28.34 49.12 22.54 Loam
Bw 38-77 21.50 51.66 26.84 Silty loam
lower slope 2A'b 77-90 22.07 50.85 27.08 Silty loam
2BC 90-125 35.76 42.30 21.94 Loam
2CB 125-184 39.23 40.21 20.55 Loam
2C 184-200 53.52 31.76 14.72 Sandy loam
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On the other hand, the amount of clay decreased
in the 2 BC, 2CB, and 2 C horizons while sand
content increased. It was assumed due to the
advanced weathering of the parent material.

Particle Size Distribution

Based on the particle size distribution analyses
of grains (Table 4), the profile in the upper slope
had the distribution of grain class comprising two
different parent materials, which differed in the
time of deposition, namely coarse loam above the
sand, and arrangement of sandy fraction in 2A’b,
and 2AB horizons which had a bigger size than
grains in other horizons.

Lithologic discontinuity in the soil parent mate-
rial and different weathering could be seen from the

Table 4. Particle Size Distribution of Profiles

distribution of soil particle size. This process was
observed in the upper slope profile. This profile
was dominated by sand fraction type III (medium
sand), silt fraction type IV (medium silt), and
clay fraction type IX (fine clay). Different level
of weathering between the first and second parent
materials was clearly detected from the arrange-
ment of medium silt and medium sand fractions.
Profile in the middle slope was dominated by
fine loam, because it had a higher silt fraction
than other soil fractions. It also had clay fraction
around 18 —34%. This profile was dominated by
sand fraction type III (medium sand), silt fraction
type IV (medium silt), and clay fraction type
IX (fine clay). In addition, this profile was also
detected to have deposition from two different

Particle Size Distribution

Profile Horizon % % % % % % % % % %
Fraction Fraction Fraction Fraction Fraction Fraction Fraction Fraction Fraction Fraction
I 11 11 v % VI VII VI IX X
Ap 310 7.03  23.18 1049 055 1487 1487 1095  9.67 639
AB 415 628 1974 992 101 1680 1670 1174 850  6.17
Bw 202 364 1192 687 061 1768 1838 1545  13.94  10.00
‘;}’ger BA 152 499 1638 965 0.1 1844 1811 1443 575  8.03
2Ab 329 634 2115 2403 683 1284 963 650 469  3.46
2AB 297 842 2368 1815 421 1337 1130  7.84 594  3.96
2Bw 478 556 1589 1277 234 1569 1520 1228  9.65 7.4l
Ap 373 919 2201 1144 113 1516 1473 12,65 1101  8.75
AB 350 230 809 492 011 1814 1825 1596 1607  12.68
middle Bw 327 478 1167 642 047 1727 1634 1400 1435 1225
slope ~ 2Ab 599 3.5 727 449 053 1722 1861 1540 1529  12.62
2BC 1575 328 628 469 159 1556 1528 1434  12.84  11.34
2CB 400 212 448 518 106 1979 1920 1637 1625  13.66
Ap 1340 513 1521 1084  1.05 1568 1416  9.03 789 580
AB 672 393 1086 631 103 1820 17.17 1375 1272 9.82
Bw 845 321 642 428 075 1840 1818 1508 1465  12.19
ls‘;(v):: 24 490 2.3 704 384 394 1695 1770 1620 1429 1279
2BC 1261 495 850 551 476 1475 1485 1270 1176  10.18
2B 845 1059 1201 552 454 1361 1379 1281 1094 9.6l
2C 450 1291 2277 950 544 1117 1095 9.64 805  6.67

Notes: fraction I=2.00 — 1.00 mm; fraction II= 1.00 — 0.50 mm; fraction II1I= 0.50 — 0.25 mm; fraction IV=0.25 - 0.10 mm;
fraction V= 0.10 — 0.05 mm; fraction VI= 0.05 — 0.02 mm; fraction VII= 0.02 — 0.005 mm; fraction VIII= 0.005 — 0.002

mm; fraction IX= 0.002 — 0.0005; fraction X= < 0.0005 mm.
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parent materials, which were observed from the
arrangement of medium silt and fine clay fraction.

Profile in the lower slope also had the same
distribution of soil particle size as upper slope
and middle slope profiles. However, the profile
in the upper slope had younger parent material
(dominated by the sand fraction) compared to the
profile in the middle slope (dominated silt frac-
tion). Conversely, the profile in the lower slope
had the oldest parent material among all profiles,
although the other profiles were dominated by silt
fraction. In the process of soil development, the
coarse fraction (sandy) will be weathered into a
finer fraction (silt and clay) (Hardjowigeno, 2015).

Distribution of Soil Mineralogy
Primary Minerals

Analyses of the sand fraction (Table 5) showed
the different age of the deposition of volcanic
materials. It can be seen from the mineral content
(opaque minerals) in each profile, although having
the same basalt parent materials. This condition
occurred in soils developed from volcanic ash as
aresult of an intermittent eruption in the different
time interval (Purwanto et al., 2018). The opaque
mineral was higher than iron concretion in each
profile, however, this concretion was high in Ap
horizon. This results are in the assumption that
all profiles had old volcanic material, because the
iron concretion will change to magnetite as the
material get older (Arifin et al., 2017). All profiles
show the weathering process, based on the mineral
content in the sand fraction. It could be seen from
the high amount of weathering mineral. Profile in
the upper slope had lithologic discontinuity where
the second deposition (2A’b, 2AB, and 2 Bw) had
older materials than the first deposition (Ap, AB,
Bw, and BA). According to Aini et al. (2018) the
shape of land affects the velocity and amount of
deposited volcanic material, area that is in close
proximity to the source of the eruption that will
have a unique soil characteristics. The higher the
frequency of the area gets additional new material,
pedogenesis will occur more easily. The huge
amount of rock fragments in the second deposition
than the first deposition showed that phenom-

enon. The mineral content of weathered material
or the results of weathering of the originating
minerals in all profiles are moderate to large.
This phenomenon was the result of the eruptions
from the surrounding volcano (Mount Tangkuban
Parahu). This showed that the volcanic material
as the main material for the upper slope, middle
slope, and lower slope profiles were young at the
upper horizon (Quaternary or Holocene). Materi-
als from volcanic materials include hornblende.
Hornblende spreads in all profiles, especially in
the first material. Hornblende is a primary mineral
belonging to the ferromagnesian group that based
on its chemical structure, it is indicated to be able
to be used as a nutrient resource for plant growth,
especially Ca, Mg, and Fe (Aini et al., 2019).

Secondary Minerals

Secondary mineral observations were based
on the peak curve that appears from the X-ray
diffraction analyses (Figures 2, 3, and 4). A peak
X-ray diffraction graph was generated when an
X-ray at a certain angle scans a crystal that has
a certain atomic distance. The X-ray diffraction
on certain minerals will be produced in certain
diffraction peaks, because each crystal has a
typical atomic structure that is different from
another (Brown and Brindley, 1980). The up-
per and middle slope profiles were dominated
by amorphous minerals, small and very small
amount of kaolinite and halloysite, respectively
(Figures 2 and 3). Amorphous minerals were
described in irregular form. On the other hand,
the lower slope profile (Figure 4) was dominated
by kaolinite minerals. It was detected by the high
peak on 7.28 A, 4,45 A, and 3,6 A. Halloysite
mineral was detected on 7,28 A and 3,6 A peaks
(Table 6). The formation of kaolinite in the upper
slope profile may be from the recrystallization
of silicate minerals in an acid environment due
to the leaching of base cations (characterized by
well drained and high rainfall).

Soil Formation (Pedogenesis)
Based on the criteria of soil formation by Mohr

and Van Baren (1960), the level of weathering in
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Figure 2. X-ray Diffractograms of upper slope profile.
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Figure 3. X-ray Diffractograms of middle slope profile.

all profiles was viril. It was due to the high amount
of weatherable minerals and already weathering.
In addition, the physical and morphological char-
acteritics showed an increase of clay content. The
upper slope profile was old deposition that had
weathered. It may be concluded that the upper

slope profile originated from old parent mate-
rial contaminated by the last eruption of Mount
Tangkuban Parahu. According to an analysis of
X-ray diffraction, all profiles were dominated by
amorphous, kaolinite, and halloysite minerals de-
veloped from old volcanic material that were in the
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Figure 4. X-ray Diffractograms of lower slope profile.

Table 6. Clay Mineralogical Composition of Selected Horizons in All Profiles

Profiles Clay mineral Peak of XRD (A) Amount
kaolinite 7,26;4.4; 3,5 abundant
upper slope halloysite 7,26 very small
amorphous - small
kaolinite 7,23; 4,44 abundant
middle slope halloysite 4,42 small
amorphous - small
kaolinite 7,28; 4,45; 3,6 abundant
lower slope halloysite 7,28; 3,6 small
amorphous - small

cambic stage. The type of mineral and its content
can be used to determine the level of weathering
(Tavernier and Eswaran, 1972, in Arifin, 1994).

Soil Classification

The horizon in the upper slope profile was
identified as umbric epipedon up to depth of 18
cm and had organic carbon of 0.2% in the depth of
125 cm, but did not categorize as other identifier
horizons. Umbric epipedon was obtained based
on observations of soil depth of > 18 cm, dark
soil colour (value/chroma < 3), organic carbon
of >2.5%, or > 0.6% higher than horizon C, and
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base saturation of <50%. It also had a slope of
> 25% and a decrease of organic carbon in the
depth of 25 - 125 cm. The high amount of kaolin-
ite mineral makes this profile be categorized as
a kaolinitic class mineral. This profile had >15%
of particle diameter around 0.1 - 7.5 mm (fine
sand or coarser) and < 18 % clay content, so it
was categorized as coarse loam. Furthermore, all
the profiles were classified as isohyperthermic
in which the average soil temperature in every
year is > 22°C, and the difference of average
temperature in dry and rainy season is < 6°C. On
the other hand, the middle slope and lower slope
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profiles were analyzed as having kaolinite mineral
and classified as a kaolinitic class mineral. The
middle slope profile had >15% of particle diam-
eter around 0.1 - 7.5 mm (fine sand or coarser)
and 18 - 35% of clay in the fine fraction.

Soil taxonomy differentiates all of the three
profiles to the level of the family. The upper
slope profile was classified as Fluventic Humud-
epts, coarse-loamy, kaolinitic, isohyperthermic;
middle slope profile as Fluventic Dystrudepts,
fine-loamy, kaolinitic, isohyperthermic, and
lower slope profile as Fluventic Dystrudepts,
fine-loamy, kaolinitic, isohyperthermic.

Based on the National Soil Classification
system year 2014, the profiles had different soil
types. The upper slope profile was classified as
Humic Cambisol, the middle slope profile was
Distric Cambisol, and the lower slope profile was
Cromic Cambisol. All profiles had a cambic B
horizon, umbric epipedon, and did not show hy-
dromorphic reactions to a depth of 50 cm from the
surface. The diagnostic feature of the upper slope
profile was the umbric epipedon. The middle
slope profile had a base saturation of <50% on
the B horizon. The lower slope profile had a soil
colour on the B horizon, which was dark brown
to dark red (hue was redder than 5 YR).

FAO classification shows that the upper
slope profile was classified as Umbric Cambisol
indicated by umbric epipedon, chroma of < 3.5,
organic carbon of > 1%, and base saturation
NH,O, 0f<50%. The midslope profile was clas-
sified as Dystric Cambisols, with base saturation
of less than 50% in some parts of the B horizon.
The downslope profile was classified as Dystric
Cambisols.

CONCLUSIONS

The development of these inceptisols was
indicated by the formation of B horizon with acu-
mulation of clay, development of structure, colour
alteration, and formation of amorphous, kaolinite,
and halloysite minerals. All of the profiles were
in viril or cambic stage.

Based on soil taxonomy, the upper slope
profile was classified as Fluventic Humudepts,
coarse-loamy, kaolinitic, isohyperthermic. Mid-
dle slope and lower slope profiles were classified
as Fluventic Humudepts, fine-loamy, kaolinitic,
isohyperthermic. Based on the National Soil Clas-
sification, middle slope and lower slope profiles
were classified as Chromic Cambisol and upper
slope profile as Humic Cambisol. Based on FAO
Soil Classification, the upper slope was classified
as Umbric Cambisol, while middle and lower
slopes were classified as Dystric Cambisol.
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