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ABSTRACT

Studies on soil-landscape relationships are necessary to improve our
understanding of the spatial distribution and variation of soils for their
sustainable management. This study evaluated the relationship between
soil properties and landscape position in the northern volcanic mountain
of Leyte, Philippines. Five soil profiles located on summit, shoulder,
backslope and footslope positions were evaluated. Findings revealed that
the degree of soil development as well as the soil morphophysical and
chemical properties varied with landscape position. The soil in the most
stable position (summit) had thicker solum and slightly more developed
soil profile than the soils in other landscape positions. On the other hand,
soils in the unstable position (backslope) generally had thinner solum. All
the five soils also revealed the influence of the andesitic volcanic parent
material on their properties. They all showed some properties typical of
Andisols such as low bulk density and high pH in NaF although they were
classified as Andic Dystrudept. The soils all possessed physical and
chemical constraints for crop production.

Keywords: landscape positions, fertility characteristics, volcanic soils,
pedogenesis, topography, Inceptisols, Cambisols.

INTRODUCTION

Leyte was formed from geologic uplift and faulting during the time of
active volcanism in the late Miocene and Quaternary period hence,
andesitic, basaltic, and dacitic lava flows and pyroclastics are the dominant
rocks in central Leyte (Aurelio 1992, Asio 1996, Jahn & Asio 2006).
Additionally, during the drier period of the Quaternary, the effects of
climatic changes on landform development were distinctive in the
Philippine archipelago and other parts of the Southeast Asian region
because of the monsoonal system prevalent at the time (Verstappen 1997).
Thus, the pedology of most Philippine islands including Leyte has been
greatly influenced by rock types and relief characteristics.
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Soil-Landscape Relationship in the Northern Volcanic Mountain of Leyte

Previous pedological studies in Leyte showed the dominant role of
parent material, geomorphic position, and land use on the development,
distribution and characteristics of the soils of the island (Asio 1996, Asio et
al 1998, Zikeli etal 2000, Asio etal 2006, Navarrete etal 2008, Navarrete et
al 2009, Maranguit & Asio 2013, Asio et al 2014, Piamonte et al
2014). Similar studies in various parts of the world have also revealed
that the characteristics of soils are related to their landscape positions
(Schlichting 1982, Stahr 1990, Daniels & Hammer 1992, Chen et al 1999,
Sommer & Schlichting 1997, Driessen et al 2001, Tsui et al 2004). In
tropical regions specifically in Leyte, the humid condition, high average
temperature and high rainfall favor rock weathering and soil development
which leads to the formation and accumulation of secondary clay minerals
(Mohr et al 1972, Asio 1996, Asio & Jahn 2007, Navarrete et al 2008 &
2009). The interplay of the soil-forming factors explains the occurrence of
different soils belonging to different classification categories such as
Maasin clay (southern part), Tacloban clay (northeastern part), and
Guimbalaon clay (central to northern part) in Leyte island (Barrera et al

1954).
Landscape is a mixture of geophysically defined landforms that vary in

size, shape, gradient and arrangement that are under the continuous
influence of natural and anthropogenic events (Turner & Gardner1991,
Forman 1995). Hillslopes are classified into different landscape positions
such as summit, shoulder, backslope, footslope and toeslope (Ruhe 1960 &
1975). Pedological and hydrological processes vital for soil development
often occur at varying rates along these positions (Hall 1983).
Consequently, properties such as soil color and texture (Ovalles & Collins
1986), organic matter, nitrogen (Podwojewski et al 2011), extractable
phosphorus, exchangeable potassium, base saturation (Poudel & West
1999) and overall soil fertility characteristics have been shown to vary
predictably along landscape positions. Information on this relationship
will help in the design of suitable soil management strategies for enhanced
agricultural sustainability and land use in Leyte as well as in other regions
with similar geological, pedological, and ecological conditions.

The relationship between the soils and volcanic landscapes in Leyte is
still poorly understood and thus there is a need for studies focusing on this
topic. Hence, this study was conducted.

MATERIALS AND METHODS
Study Area
The transect for the study extends from Kananga to Capoocan in the

northern part of the Leyte cordillera at an elevation ranging from 60 to
180m asl (Fig.1). The area was chosen for the study because of the
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occurrence of different soils from volcanic rocks which have not yet been
studied until now. This part of Leyte is also interesting considering the
existence of various land uses on the volcanicslopes.
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Figure 1. Location of the study area in the northern portion of the central volcanic
highlands of leyte.

Site Characterization

Five sampling sites were selected described according to the FAO
Guidelines for Soil Description (Jahn et al 2006). The site characteristics
included location, elevation, parent material, landform, geomorphic
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position, local relief, slope gradient, slope shape, aspect, land use,
predominant vegetation, and any field notes that provided information on
soil properties or genesis (e.g.leaning trees as signs of soil creep).

Soil Profile Description and Sampling

Soil profiles were described and sampled on an undisturbed vertical pit
face of at least 1.0m deep, according to standard procedures in the FAO
Guidelines for Soil Description (Jahn et al 2006). Soil samples were taken
uniformly through the entire depth of each soil horizon. About one-half kg
of composite soil sample was obtained from three subsamples collected
quantitatively from every horizon of each soil profile according to the
method of Schlichting et al (1995). Samples were air-dried, pulverized
using wooden hammer, sieved to pass a 2-mm mesh, and stored in plastic
containers.

Laboratory Analyses

Bulk density was determined by core method (Blake & Hartge 1986),
particle size distribution by pipette method after pretreatment of soil
samples with H,0, to remove organic matter (OM) (ISRIC 1995), and water-
holding capacity which involves the saturation of 100g of <2mm soil in
perforated tin cans for 24 hours (PCARR 1980). Plant available water-
holding capacity (EPAWC) was approximated based on values for texture
grades (Soil Information Systems Unit 2002). Saturated hydraulic
conductivity was measured using the constant head method (Amoozegar &
Warrick 1986).

Soil pH was determined potentiometrically using distilled water at a
soil-solution ratio of 1:2.5 (ISRIC 1995). Soil pH in 1M NaF was also
measured following the procedure of Jara etal (2006) at a soil-solution ratio
of 1:50. Organic C and total N using modified Walkley-Black and modified
Kjeldhal methods, respectively (USDA-NRCS 1996). Available P was
extracted using the Bray No. 2 method of Jackson (1958) and Murphy and
Riley (1962) for color development and quantified by measuring the percent
absorbance at 880 nm using Spectronic 20D". Cation exchange capacity
(CEC) was determined using 1 N NH,OAc at pH 7 (USDA-NRCS 1996).
Exchangeable K, Ca, Na, and Mg were extracted using 1 N NH,OAc neutralized
to pH 7 (USDA-NRCS 1996) and quantified by atomic absorption
spectrophotometry (AAS) (Westerman 1990). The base saturation
percentage ofthe CEC (NH,OAcatpH 7.0) was calculated by dividing the total
exchangeable bases with the measured CEC and the quotient was then
multiplied by 100.
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Soil Fertility Evaluation

Fertility evaluation was based on examination and analysis of the
obtained morphophysical and chemical characteristics. This was achieved
by matching the values of selected soil properties with published
threshold/critical values for crop production (Schlichting et al 1995, Asio
et al 2006). In this method, necessary information for the design of
appropriate soil management strategies for the sustainable crop
production can be identified (Asio etal 2006).

RESULTS AND DISCUSSION
Physical Characteristics of Sampling Sites

The physical characteristics including geomorphology of the sampling
sites are presented in Table 1. Agro-climatic pattern of the study area
indicates a wet climate with an annual rainfall greater than 2500 mm, slight
dry season, and a growing period of 270 - 320 days in hilly, mountainous to
highland areas.

In addition, typhoons which are generally characterized by strong
winds and heavy rainfall, develop several times a year (Eller & Asio 1991,
Jahn & Asio 2006). Soil moisture and temperature regimes are udic and
isohyperthermic, respectively (Soil Survey Staff2014).

Most parts of Leyte originated from uplift, faulting, and volcanic
eruption hence pyroclastics are the dominant parent materials of the soils
(Aurelio 1992, Asio et al 1998, Jahn & Asio 2006). The Philippine Fault Line
which cuts the island from the north to south resulted in the chain of
volcanoes that formed the Leyte cordillera. Geomorphic processes
particularly weathering erosion and mass wasting modified the mountains
to their present forms. Furthermore, various anthropogenic influences
especially logging, shifting cultivation, perennial agriculture, and
settlements have caused substantial changes in the vegetation and land
cover oftheisland.

The five sampling sites represented different geomorphic positions
but were oriented in the same northeast direction. Land uses of the sites
were all perennial crops consisting of coconut, banana and with some
shrubs, grasses, sedges and broadleaves thus, indicating considerable
anthropogenic influence. Consequently, local inhabitants practice
intensive farming triggering vegetation and soil resource degradation. The
combination of heavy rainfall, high temperature and steep slope gradients
further escalate the land degradation processes (e.g. erosion of the topsoil,
leaching leading to infertility, high rate of weathering and extensive
development of residual soils).



Table 1. Physical characteristics and geomorphology of the soils in the northern volcanic mountain of Leyte

Site Soil Profiles
Characteristics 1 2 3 4 5
Location Sitio Ansubas Sitio Lauan Brgy. Lemon Brgy. Visares, Brgy. Lonoy,
Nieffor Larndtarmn High grgdlent High grgdlent Medlum gradient plateau Medium gradient hill
mountain mountain mountain
GPS' Coordinat 11°16’ 35” N 11°15° 10” N 11°13° 05" N 11°10° 50” N 11°09’ 07” N
oordinates 120°37° 14" E 120°35° 50" E 120° 35> 40” E 120°35° 01" E 120° 34> 40” E
" Middle backslope Shoulder Lower backslope Summit Footslope
Landscape Position
Elevation 150 m asl 180 m asl 60 m asl 220 m asl 100 m asl
Slope Class 30 - 60% 30 - 60% 30 - 60% 1-2% 0.5-1%
Gradient Steep Steep Steep Very gently sloping  Nearly level
Slope Form Convex concave Convex concave Concave concave Convex convex Straight Concave
Orientation Northeast Northeast Northeast Northeast Northeast
Land use Perennial field Perennial field Perennial field Perennial field Perennial field
cropping cropping cropping cropping cropping

Crops or Vegetation

Human Influence

Parent Material

Climate
Soil Climate

Erosion degree
Rock outcrops
Drainage

Coconut trees, shrubs,
grasses and
broadleaves
Vegetation
moderately disturbed

Andesitic volcanic
rocks

Wet
Isohyperthermic and
Udic

Moderate

Common
Well-drained

Banana, Coconut
trees, shrubs, grasses
and broadleaves
Vegetation
moderately disturbed

Andesitic volcanic
rocks

Wet
Isohyperthermic and
Udic

Moderate

Common
Well-drained

Coconut trees, shrubs,
grasses and
broadleaves
Vegetation
moderately disturbed

Andesitic volcanic
rocks

Wet
Isohyperthermic and
Udic

Moderate

Common
Well-drained

Banana, Coconut
trees, shrubs, grasses
and broadleaves
Vegetation
moderately disturbed

Andesitic volcanic
rocks

Wet
Isohyperthermic and
Udic

Slight

Very few
Well-drained

Coconut trees, shrubs,
grasses, broadleaves

Vegetation
moderately disturbed

Andesitic volcanic
rocks

Wet
Isohyperthermic and
Udic

Slight

Common
Well-drained

asl — above sea level GPS' — global positioning system
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All sampling sites were well-drained and showed evidence of
moderate (soil profiles 1, 2, 3 and 5) to slight (soil profile 4) erosion, the
latter can be explained by its relatively flat topography. The same trends
were also observed on rock outcrops wherein all sites had common rating
except for soil profile 4. In general, the sites were located along a catenary
landscape subjected to a more or less the same biome, anthropogenic
influence, parent material, climate, and time of formation. Topography
particularly landscape position appeared to have a dominant influence on
the characteristics of the soils in the area.

Soil Morphophysical Properties

A summary of the morphophysical properties of the soils studied is
presented in Tables 2-3. Results showed variations in the morphophysical
characteristics of the soils in different landscape positions. Thick solum
was observed in soil profiles 4 (summit) and 5 (footslope) which can be
explained by deeper weathering due to vertical water movement in the
former, and deposition of eroded soil materials in the latter. This finding
generally agrees with previous studies that the thickness of solum
increases downslope with obvious alluvial stratification at the toeslope
due to constant depositional process (Butler 1982, Kachanoski et al 1992,
Sommer & Schlichting 1997, Chen etal 1999).

All soils formed moderate to strong subangular blocky structure in
their A horizon except for soil profile 4 which had a strong medium
granular structure (Table 2). Moreover, all soils were observed to have
friable moist consistency but were slightly hard (soil profile 1) to hard and
very hard (soil profiles 2 and 3) and extremely hard (soil profiles 4 and 5)
when dry. Moreover, their wet consistency varied from slightly sticky to
very sticky when, non-plastic in the surface horizons to very plastic in the
subsoil, which could be explained partly by their clay content (Table 3).



Table 2. Soil morphological characteristics of the five soil profiles in the northern volcanic mountain of Leyte
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Pf(())il‘ille Horizon LI L& yrizomy b el Texture Structure S L S
No (cm) boundary Color u uctu Dry Moist Wet fragments
A 0-15 W 5YR 3/4 SiCL MO, FI, SB SHA FR SST, SPL VvV, M
1 BC 15-31 W 5YR 4/4 SiCL MO, FI, SA HA FR SST, SPL V,C
Ci 31-64 5YR 5/4 SiL MA SHA FR ST, SPP M, S
Cs > 64 D 5YR 4/1 L MA SHA EFI SVS, PVP M, S
A 0-21 D 10YR 3/4 C MO, FI, SB HA FR SST, NPL V,F
AB 21-43 D 7.5YR 4/4 C MO, FI, SB HA FR SST, SPL V,F
2 Bw 43 - 78 D 5YR 4/6 C MO, FI, SB HA FR ST, PL VvV, M
Bw»> 78 — 109 5YR 4/6 C MO, FI, SB VHA FRF ST, PL F,C
BC 109 - 124 D 5YR 4/6 C MO, FI, SB VHA FRF ST, PL F,C
A 0-14 C 10YR 4/4 C ST, ME, SB SHA FR NST, NPL V,F
Bw 14 - 36 D 10YR 3/6 SiC ST, ME, SB HA FR SST, SPL N
3 Bw»> 36 - 64 C 10YR 4/6 SiCL MO, MC, SB VHA FR ST, PL N
C 64 —92 10YR 6/2 SiCL MO, MC, SB ND FI SST, SPL A, S
R 92 - 130 C ND ND MA ND ND ND
A 0-17 W 10YR 3/3 SiC ST, ME, GR VHA FR SST, SPL VvV, M
4 Bw 17 - 46 D 10YR 3/6 C ST, ME, SB VHA FR SST, SPL N
Bw» 46 - 70 10YR 4/6 C ST, MC, SB EHA FR SST, SPL N
Bws 70 - 88 C 10YR 4/6 C MO, MC,SB VHA FR ST, PL N
A 0-15 C 10YR 5/5 C MS, ME, SB HA FI SST, SPL N
5 Bw 15-48 D 10YR 5/4 C MS, ME, SB EHA FI ST, PL N
Bw»> 48 — 85 C 10YR 5/2 C MS, MC, SB EHA VFI VST, VPL N
Bws 85-115 10YR 6/3 C MS, MC, SB EHA VFI VST, VPL N
ND - No data
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Key to morphological abbreviations

Horizon boundary Consistence Rock Fragments
CClear2-5cm Consistence when dry Abundance
D Diffuse > 15 cm SHA Slightly hard N None 0 %
W Wavy HA Hard V Very few 0 - 2 %
VHA Very hard FFew2-5%
Textural classes EHA Extremely hard M Medium gravel 6-20 mm
SiL silt loam C Coarse gravel 20-60 mm
SiCL silty clay loam Consistence when moist S Stones 60 - 200 mm
L loam FR Friable
SiC silty clay FI Firm Roots
C clay VFI Very firm Size (diameter)
FREF Friable to firm VF Very fine < 0.5 mm
Soil structure F Fine 0.5 - 2 mm
Grade Consistence when wet M Medium 2 - 5 mm
MO Moderate Stickiness C Coarse > 5 mm
ST Strong SST Slightly sticky
MS Moderate to strong ST Sticky Abundance
VST Very sticky N None
Size NPL Non plastic V Very few
FI Fine/thin SPL Slightly plastic F Few
ME Medium PL Plastic C Common
MC Medium and coarse VPL Very plastic M Many
SPP Slightly plastic to plastic
Type PVP Plastic to very plastic
MA Massive
SA Subangular and
angular blocky

SB Subangular blocky
GR Granular

Bulk density values were within the class 1 (< 0.90 g/cm’) of the FAO
Guidelines for Soil Description (Jahn et al 2006). The low bulk density and
high clay content of the soils explain their very high water holding capacity
(65.53-98.85 %). The low bulk density of the soils maybe attributed to the
presence of short-range-order minerals commonly found in young volcanic
soils particularly Andisols (Shoji et al 1992, Driessen et al 2001) or to the
halloysitic clay mineralogy in some old volcanic soils which evolved from
Andisols (Asio 1996, Chen etal (1999).

The saturated hydraulic conductivity (Ksat) of the five soils decreased
with soil depth. This is expected since soil permeability is affected by the
amount of organic matter, rooting, texture, and bulk density (Lal 2000,
Bouma et al 2005). The decreasing trend with depth of Ksat could also be
attributed to the strong and more stable structure formation in the upper
horizon. Ksat values in soil profiles 1, 2, 3, and 4 were generally very high
especially in the A horizons allowing large volume of water to permeate
down to the profile until it reaches to less permeable layers (Bt, C and R
horizons). Soil profile 5 showed a low hydraulic conductivity which could
be due toitsvery high clay content.

Silt/clay ratio has been used by some authors as an indicator of the
degree of weathering (Thorn et al 1984, Scalenghe etal 2000). The smaller
the ratio, the more weathered is the soil. Results of the study indicated that
soil profile 1 (backslope) had considerably higher values than the other soil
profiles (Table 3) implying that soil profiles 2, 3,4, and 5 are relatively older
and more weathered than soil profile 1.
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Table 3. Selected physical properties of the five soil profiles in the northern volcanic

Soil Particle Size Distribution
Profile Horizon BD gl |l Clay wHC EPAW  Ksat Silt/Clay
\ (glem?) (%) (%) (em/m) (cm/day)

0.

A 0.77 18.45 4228 3927 79.18 19.0 253.27 1.08

1 BC 0.79 2691 4554 27.56 75.83 19.0 79.79 1.65

Ci ND 3582 4873 1545 75.06 20.0 64.71 3.15

C ND 43.58 43.81 12.61 68.04 18.0 66.67 3.47

A 0.89 1420 2540 6040 65.82 18.0 272.15 0.42

AB 0.90 13.17 26.55 60.28 68.60 18.0 142.09 0.44

2 Bw 0.84 10.92 29.01 60.07 65.82 18.0 142.62 0.48

Bw2 0.87 11.24 31.14 57.62 68.68 18.0 70.97 0.54

BC ND 1125 3429 5446 68.90 18.0 70.20 0.63

A 0.82 13.62 38.23 48.15 71.12 18.0 508.75 0.79

Bw 0.78 12.07 41.71 4622 78.77 18.3 545.53 0.90

3 Bwa 0.86 13.56 48.16 38.28  77.77 19.0 166.16 1.26

C ND 19.80 46.20 34.00 78.13 19.0 49.17 1.36

R ND ND ND ND ND ND ND ND

A 0.91 13.32 4235 4433 6553 18.3 220.11 0.96

4 Bwi 0.83 10.22  36.13 53.65 68.86 18.0 351.62 0.67

Bw» 0.87 8.66 36.27 55.07 72.99 18.0 107.76 0.66

Bws 0.89 9.95 32,74  57.31 80.10 18.0 23.35 0.57

A 0.75 2.81 37.80 59.40 98.85 18.0 68.74 0.64

5 Bwi 0.72 2.36 39.39 5824 96.81 18.0 0.51 0.68

Bw» 0.80 1.40 40.20 58.40 97.32 18.0 0.16 0.69

Bw;s 0.81 ND ND ND ND 18.0 0.55 ND

ND-No data, BD-bulk density WHC-water holding capacity, EPAW-estimated plant
available water, Ksat-saturated hydraulic capacity

Soil Chemical Properties

Table 4 presents the results of chemical analyses. All the soils studied
had acidic condition as indicated by their pH (H,0) values ranging from
4.30 to 5.79. According to van Wambeke (1992) acidity is a common
feature of humid tropical volcanic soils because of rapid leaching and the
advancement of weathering and there are not enough bases present to
neutralize organic acids. Moreover, pH (NaF) values were >9.0 in all soils
suggesting the occurrence of allophanic minerals and/or organo-
aluminum complexes (Fieldes & Perrot 1966, Nieuwenhuyse et al 2000,
Alves & Lavorenti 2004). Parfitt (1990) reported that under acidic
conditions, particularly at higher altitudes or at lower temperatures, the
Al-humus complex may predominate in horizons with a pH < 4.8. The high
pH (NaF) value also reflects the abundance of active Al in the soils (Chen et
al. 1999), presence of allophane and imogolite which are poorly crystalline
materials and have variable charge (Parfitt & Kimble 1989, Wada 1989),
and high P-fixation capacities in the soils (Gilkes & Hughes 1994).
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Organic C was highest in the surface horizon and decreased with depth
in all soils which is due to the accumulation of plant litter from the
vegetation cover. Soil profile 4 (summit) had slightly higher organic C in the
surface horizon compared with the other soils which is indicative of a more
stable geomorphicposition.

The total N content of the soils followed the trend observed for organic
C showing only slight variation across landscape positions. Furthermore,
values obtained for available P were all below 10 mg/kg which could be
attributed to their high P fixing capacity which is common in acidic young
volcanic soils and old acidic soils due to the precipitation of P by Al and Fe.
Soil profile 1 showed a slight increase in available P with soil depth. In
contrast, the available P contents of soil profiles 2, 3 and 4 considerably
decreased with soil depth, while soil profile 5 had irregular trend which
could be attributed to the periodic deposition of soil materials from the
upper slopes.

CEC values ranged from 21.94-86.12 cmol/kg and are considered
moderate to high (GUSTR 2005, IUSS Working Group on WRB 2006) and
could be due to the high clay content of the soils. All soils generally had low
exchangeable K (<0.4 cmol/kg). Similarly, exchangeable Ca contents were
less than 5 cmol/kg in all soil profiles except for soil profile 5 which had
5-10 cmol/kg). Exchangeable Mg was high in soil profiles 1 and 5 but
medium to low in soil profiles 2, 3 and 4.

CEC/Clay ratios were also calculated to give an idea of the type and
activity of clay that dominated in the soils. CEC/Clay ratio in all soils ranged
from 25-237 cmol/kg clay (Table 4), which indicates the presence of
relatively active clays (IUSS Working Group on WRB 2006).

Soil Classification

The five soil profiles in the study area were in the early stage of
development as indicated by their profile characteristics. They all
belonged to Inceptisols and since they all had low base saturation they
were classified as Dystrudepts. Moreover, they showed some properties of
Andisols particularly their low bulk density values and pH in NaF of more
than 9.5. According to Soil Taxonomy (Soil Survey Staff 2014), Dystrudepts
that have a fine-earth fraction with both a bulk density of 1.0 g/cm3 or less
and Al plus 1 /2 Fe percentages (by ammonium oxalate) totaling more than
1.0 are classified as Andic Dystrudepts. In the World Reference Base (FAO
2006), the soils maybe classified as Andic Cambisols. It should be
mentioned that this classification is tentative due to the absence of data on
oxalate-extractable Al and Fe, phosphate retention, and clay minerals.
Some of the soils may in fact qualify as Andisols (Andosols) and thus they
need more detailed pedological studies.



Table 4. Selected chemical properties of the five soil profiles in the northern volcanic mountain in Leyte

Exchangeable Bases

Saturation

Soil Profile . Soil pH Organic C Total N Available CEC © CEC/Clay
No. Horon H.O NaF ) *%) P (ppm) (Cc;n Ol/kﬁig Na  ©moVke) Tgace - Ca (molko)

A 5.79 9.48 1.40 0.21 8.22 0.60 3.70 4.33 0.16 65.92 13.33 5.61 168

1 BC 5.40 10.06 0.32 0.10 ND 042 251 2.61 0.14 65.37 8.69 3.84 237
Ci 5.29 10.29 0.06 0.01 ND 0.37 325 254 0.13 44.00 14.28 7.38 ND

C> 5.37 1043 0.02 0.03 ND 0.34 4.01 2.67 0.13 5845 12.23 6.86 ND

A 4.60 10.20 1.88 0.22 2.32 0.21 1.50 0.64 0.13 2252 11.03 6.67 37

AB 4.61 10.36 0.81 0.10 1.21 0.12 1.19 0.24 0.15 22.55 7.53 5.25 37

2 Bwi 4.62 10.51 0.56 0.06 1.21 0.08 1.87 0.54 0.11 2194 11.84 8.50 37
Bw» 4.67 10.75 0.48 0.06 0.61 0.13 2.00 0.55 0.22 2393 12.10 8.34 42

BC 470 10.83 0.44 0.04 0.70 0.10 1.81 0.53 0.13 2941 8.76 6.16 54

A 442 10.34 1.86 0.20 8.66 0.39 240 1.51 0.22 35.06 12.88 6.84 73

Bwi 440 1047 0.06 0.11 1.08 0.12 220 1.21 0.21 39.16 9.55 5.62 85

3 Bw» 448 10.86 0.15 0.04 4.28 0.06 2.00 1.10 0.14 86.12 3.82 2.32 25
C 448 11.06 0.28 0.02 0.28 0.05 2.01 1.23 0.15 46.39 7.42 4.32 36

R 430 11.04 0.19 0.03 1.07 0.01 1.88 1.05 0.13 38.07 8.08 4.94 ND

A 451 10.34 1.84 0.18 1.82 0.30 2.78 1.16 0.04 37.15 11.54 7.49 84

4 Bwi 4.48 10.75 1.21 0.12 1.24 0.15 2.80 0.88 0.05 3845 10.10 7.29 72
Bw: 4.70 10.65 0.63 0.08 0.10 0.08 2.37 0.79 0.07 40.17 8.24 5.89 73

Bws 4.64 10.86 0.63 0.11 0.19 0.08 2.32 0.71 0.04 40.66 7.76 5.71 71

A 4.74 10.47 1.39 0.16 5.45 0.14 7.31 2.23 0.07 69.75 13.98 1048 117

5 Bwi 4.74 10.65 0.68 0.09 2.61 0.12 820 2.30 0.09 48.06 22.27 17.06 83
Bw» 5.17 10.48 0.28 0.06 10.60 0.13 9.82 245 0.07 57.01 21.87 17.23 98

Bws 5.06 ND ND ND ND ND ND ND ND ND ND ND ND

ND - No data
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Soil developmentin relation to landscape positions

Hall (1983) suggested that the movement of water is the primary cause
of material movement on slopes on most landscapes. He considered that
water movement and distribution on slopes is the principal reason for
differences in soils on the landscape. A number of past researches have
attempted to relate processes and soils to landscape position (Hall 1983).
The use of the five landscape positions proposed by Ruhe (1960) which
include summit, shoulder, backslope, footslope and toeslope, has
contributed to our understanding of soil-landscape relationships.
Pedological and hydrological processes vital for soil development often
occur at varying rates along these positions (Ruhe 1960, Hall 1983)
resulting in the variability of soils in the landscape. Moreover, Daniels and
Hammer (1992) mentioned that much of the soil variability on alandscape
results from material variability.

Soil profile 1 was located on the middle backslope at a slope ranging
from 30-60%. The soil had a thin solum of 31cm and showed poor soil
development. This is largely the effect of its landscape position. Hall (1983
& 2003) reported that transportation of materials is the dominant process
on backslope positions which is also a relatively unstable position.

Soil profile 2 was situated on the shoulder position at a slope of 30-
60%. The soil had a thick solum of more than 100cm and an average clay
content of close to 60% indicating more advanced stage of development
than soil profile 1 and 3. According to Hall (1983 & 2003) surface runoffis
maximized in this landscape position resulting in a highly erosional and
unstable surface. Lateral subsurface water movementis also an important
process in this position.

Soil profile 3 developed on the lower backslope position at a slope of
30-60%. It had a solum thickness of 64cm and showed a slightly more
developed profile than soil profile 1. As already mentioned above,
transport of material, both at the surface and subsurface, is the dominant
process on this position. In terms of silt/clay ratio, soil profiles 1 and 3 have
high values compared to the other soil profiles.

Soil profile 4 was formed on the summit which was an almost flat
geomorphic surface having a slope of 1-2%. The soil had a thick solum of
close to 90cm and a clay content ranging from 44 to 57%. The soil had a
slightly more developed profile compared to the three previous soils
mentioned above. The summit position is considered to be the most stable
landscape position. Water movement in the soil is largely vertical resulting
in thicksolum (Hall 1983).

Soil profile 5 was located on the footslope position having a slope of
about 1%. It had the thickest solum of 115cm as a result of its landscape
position. According to Hall (1983), concavity is characteristic of this
landscape position. The position is constructional and unstable due to the
deposition of materials from the upper slope. Soils in footslope positions
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are commonly very heterogeneous due to the mass movement, irregular
seepage and non-uniform deposition.

Fertility and Crop Production Suitability of the Soils

Results showed that the soils in the different landscape positions had
varying fertility characteristics and crop production suitability (Table 5).
Soil profiles 2 to 5 had deep solum while soil profile 1 had a thin solum
which could limit crop rooting and anchorage. In the addition, all soils had
low bulk density values which favor crop production. The silty clayey
texture in soils of soil profiles 1, 3 and 4 together with their friable
subangular blocky structure may enhance diffusion of gases and
movement water in the soil. However, the very high clay content in soils 2
and 5 which had subangular blocky structure that turns hard upon drying
is a limitation during dry periods. Additionally, the sticky and slightly
plastic consistency of the soils could pose a problem in farm operations.
The very high capacity of the soils to permit water movement (Ksat) in
surface horizons of all soil profiles could be a hindrance in irrigation
management. On the other hand, the low conductivity in the subsoil of soil
profile 5 could cause water-logging during rainy periods.

Table 5. Fertility and crop production suitability of soils in the northern volcanic mountain

of Leyte

Soil Properties valgel::,/tci:::i'iltlion T = Soil P;oﬁles A S
Depth (cm)' >50 - -+ SN A+ -+
Texture? Medium ++ - + + —
Bulk density (g/cm?)? <1.45 bt Gt Aot o+ o
Consistence* FR, NP, NS + + + + -
K sat (c/day)’ 10-40 - - - - —
pH (water)* 55-7.0 + — — — -
OM (%)° >3.0 - - - - -
Total N (%)° >0.20 + + + - —
Avail. P (mg/kg)® >8-15 + — + - —
Exch. K (cmol/kg)® >0.20 ++ —+ —+ + .
Exch. Ca (cmol/kg)® >0.40 ++ Gt o +++ P
Exch. Mg (cmol/kg)’ >0.50 -+ ++ - =+ -+
CEC (cmol/kg)? >12-40 -+ ++ ++ ++ e

Plus sign (+) indicates favorable, (++) moderately favorable, (+++) highly favorable; minus sign (-) soil property is a constraint, (--)
moderate constraint, (---) major constraint; FR, friable; NP, nonplastic, NS, nonsticky.
Depth considers the solum thickness.

'Based on Schlichting etal. (1995).

“Based on Landon (1991). Clay texture with granular structure is favorable.

‘Based on Arshad etal. (1996).

‘Based on Asio etal. (2006).

°Based onJahn etal. (2006).

°Based on Landon (1991).

’Based on Haby etal. (1990).

°Based on Mengel (1993).
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Soil pH values revealed the acidic condition of the soils. Acid soil condition
could readily solubilize Al and Mn complexes to release Al and Mn ions,
which accumulates and become toxic to plants (Shi & Zhu 2008) and
inhibiting microbial activity (Craswell & Pushparajah 1989). The low
amount of available P in soil profiles 2, 4, and 5 may limit soil productivity
and crop production, although soil profiles 1 and 3 pass the criterion for
optimum P levels. Since P is one of the macronutrients and is needed by
crops in large quantity, it could still be considered as limiting factor for
perennial crop production. Soil profiles 4 and 5 showed limited N levels
while soil profiles 1, 2 and 3 were found sufficient.

Data on exchangeable bases showed favorable levels but become a
constraint with respect to their concentration ratio (Tisdale et al 1985).
Additionally, soil profile 5 showed very low K contents which could be a
constraint to crops production. The soils had moderate to high capacity to
exchange cations suggesting that the soils had the capacity to hold more
ionicnutrients.

CONCLUSIONS

The study demonstrated that the degree of soil development and soil
morphophysical and chemical properties varied with landscape positionin
the volcanic mountain studied. The soil in the most stable position
(summit) showed thicker solum and slightly more developed soil profile
than the soils in other positions. On the other hand, soils in the unstable
position (backslope) generally had soils with thinner solum. All the five
soils also revealed the influence of the andesitic volcanic parent material
on the soils. They all showed some properties typical of Andisols such as
low bulk density and high pH in NaF although they were classified as Andic
Dystrudept. The soils all possessed physical and chemical constraints for
crop production. The position of the soil in the landscape appeared to
influence the kind of constraint possessed by the soils.
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