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Abstract

The productivity of degraded soils greatly depends on a good understanding of their
characteristics. Hence, the study was conducted to determine the morphological,
physical and chemical characteristics of degraded soils in Sta. Rita, Samar,
Philippines. Four representative soil profiles located in different physiographic
positions were examined, characterized and sampled. The examination was conducted
using a pit measuring approximately 1-m wide and 1-m depth. Soil samples were
collected from each horizon, processed and subjected to field and laboratory analyses.
Results showed that the soils were derived from sedimentary rocks (i.e., shale). Well-
developed soils were found on the summit and foot slope position (horizon sequence:
Ap-Bt-BC-C), while moderately developed soils were obtained in the middle slope
position (horizon sequence: Ah-Bt-C). Soils had a clayey texture with moderate bulk
density, porosity and water holding capacity. They were friable to firm when moist, but
plastic and sticky when wet. The soils were highly acidic (soil pH close to 5.0). They
had a moderate amount of organic matter, low total nitrogen (N) and low available
phosphorus (P); all of which had decreased amounts with soil depth. Exchangeable
bases (calcium, magnesium, potassium and sodium) were high in most soil profiles.
Thus, N and P fertilization and organic matter addition are highly recommended to
increase the productivity of these degraded soils. Moreover, the soils were classified
as Typic Hapludalfs or Haplic Luvisols because of their development degree. They
were mature with the presence of an argillic horizon (B horizon with high clay
accumulation) and high base saturation.
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1. Introduction

Soil degradation contributes to the decline in nutrient availability and the
deterioration of soil’s physical, chemical and biological properties, which in
turn influence the ecological functions of the soils (Asio et al., 2009).
According to a recent report of the United Nations, almost one-third of the
world’s farmable land has disappeared in the last four decades due to soil
degradation (Maximillian et al., 2019). In the Philippines, the National Action
Plan for 2004 to 2010 identified soil degradation as a major threat to food
security (Asio et al., 2009). Degraded soil is characterized by a decline in
quality and a decrease in ecosystem goods and services; it is considered a
major constraint in achieving the required increase in agricultural production
(Lal, 2015). The success of any effort to improve the productivity of degraded
soils primarily depends on the availability of information on their
characteristics.

In the study of Asio et al. (2014), results revealed that the degraded upland
soils in Inopacan, Leyte, Philippines ranged from poorly developed in the
lower slopes to well-developed on the summit slope position. The soils were
highly acidic (pH close to 5.0) with low organic matter, total nitrogen (N) and
available phosphorus (P) contents.

Samar Island, Philippines is known to have a wide range of degraded soils that
are utilized for agricultural activities. These soils have been subjected to
massive degradation clearly showing pieces of evidences of low soil fertility
level. This problem was initially studied and reported that the soil in the
degraded upland of Sta. Rita, Samar showed a less severe degree of
degradation and had low fertility status (Asio et al., 2015). Hence, there is an
urgent need for onsite data on soil formation, nature and characteristics of
degraded soils in the said area for the prediction and evaluation of the soil’s
response to intensive human activities and climate change, thereby improving
the crop production. Several studies have suggested that enhancing food
production will require the conversion of marginal lands to appropriate
cropland management systems as well as restoration of degraded lands and
ecosystems (Lal, 2004; Bigges, 2007). Studying crop production improvement
in the degraded upland soil of Inopacan, Leyte, Lina et al. (2014) found that
the application of organic fertilizer (chicken manure) significantly improved
the growth and yield of corn grown. More importantly, until now, only a few
studies that investigated the characteristics and fertility status and formation
of soils in the Philippines were conducted and published. Therefore, this study
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was carried out to determine the morphological, physical and chemical
characteristics of degraded soils as a basis for the formulation of appropriate
and sustainable soil management strategies.

2. Methodology
2.1 Site Description and Characterization

The study was conducted in the degraded soil of Sta. Rita, Samar, Philippines
(Figure 1). The site is known to have a wide range of degraded soils that are
elevated, utilized for any agricultural activities and subjected to massive soil
degradation. A preliminary survey of the degraded soils was done to have a
better selection and initial site characterization.
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Figure 1. Map showing the study site in Barangay Caticugan, Sta. Rita, Samar

The site characterization was conducted according to the Food and Agriculture
Organization of the United Nations (FAQ) Guidelines for Soil Description
(FAO, 2006a). The descriptions included the location, elevation, parent
material(s), landform, geomorphic position, local relief, slope gradient,
erosion, drainage, land-use, predominant vegetation and any field note that
provided information genesis.

2.2 Soil Profile Characterization, Sampling, Processing and Analysis

A pit measuring approximately 1 x 1 m with a depth of at least 1 m was
excavated manually before the soil profile description and sampling. Soil
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profile description was done following the standard procedure of FAO
Guidelines for Soil Description (Jahn et al., 2006). Four soil profiles from
different physiographic positions (soil profile [SP]; SP1 — summit; SP2 — foot
slope; SP3 — summit; and SP4 — middle slope) (Figure 2) were subjected to
the detailed field and laboratory studies to evaluate their characteristics and
constraints.
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Figure 2. Location of the soil profiles characterized in the degraded soils

Soil samples were collected from each horizon of every soil profile
quantitatively by taking three continuous and uniform slices from the
uppermost horizon down to the lowest and mixed thoroughly following the
procedure of Schlichting et al. (1995). Wider soil slice was collected in thin
horizons to ensure that the volume of the sample was approximately equal to
those from the thicker horizons. All soil samples were placed in properly
labeled plastic bags. Collection of undisturbed soil samples was also done for
bulk density determination and immediately brought to the screen house of the
Department of Soil Science, Visayas State University, Baybay City for
processing.

All soil samples were air-dried, pulverized using a wooden mallet and sieved
using a 2-mm wire mesh screen to get the fine earth, which was used to obtain
the soils’ physical and chemical properties. For organic matter and N
examination, 100 g of soil samples per horizon were ground and allowed to
pass through a 0.425-mm wire mesh screen. Thereafter, soil samples were
prepared and analyzed physically for bulk density (g cm) using the core
method; for particle size distribution, pipette method was utilized
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(International Soil Reference and Information Center [ISRIC], 1995), while
water holding capacity (WHC) and field capacity (FC) were ascertained by
gravimetric method (Klute, 1986). Separate samples were collected using a
core sampler following the core method. After which, collected soil samples
were subjected to bulk density, porosity and water holding capacity tests.

Moreover, the samples underwent a chemical analysis for soil pH
determination by the potentiometric method using a soil-solution ratio of 1:2.5
(H20 and KCI) (ISRIC, 1995); soil organic matter (SOM) (%) by modified
Walkley Black method (Nelson and Sommers, 1982); and total N (%) through
micro-Kjeldahl method (ISRIC, 1995). In addition, available P (mg kg™) was
determined according to the Bray P-2 extraction method using 0.1N HCI and
0.03N NHg4F extractant (Olsen and Sommers, 1982). In addition, exchangeable
bases such as Ca, magnesium (Mg), Na and K (cmol. kg™) were extracted by
1IN NH4OAc (pH 7.0) ammonium acetate method (ISRIC, 1995); effective
cation exchange capacity (cmolc kg™) and exchangeable acidity (AFF*and H*)
(cmole kg™) were analyzed using 1 N KCI as extractant and quantified by
titrating the extracts with 0.1 N NaOH (Thomas, 1982).

3. Results and Discussion
3.1 Site Characteristics

The characteristics of the site are shown in Table 1. The parent material of the
degraded soils of the area was shale of Upper Miocene (24 million years) to
Lower Pliocene (five million years) origin. The soil developed from
sedimentary rocks characterized by clayey texture, yellowish-red color, slight
acidity and low fertility status. The landform of the area with different
physiographic positions was predominantly medium gradient hill. The area
has been degraded and only small patches are used for crop production. The
area was dominated by the following plants: Melastoma malabathricum
(‘Hantutuknaw’), Imperata cylindrica (cogon), Chromolaena odorota
(‘Hagonoy’), Saccharum spontaneum Linn. (‘Bugang’), Elephantopus
tomentosus (‘Malasambong’) and Psidium guajava (guava). Similarly, in the
study of Asio et al. (2014), it was reported that the dominant vegetation of the
degraded uplands of Inopacan, Leyte consisted of the same plants, including
Andropogon aciculatus (‘Amorseco’) and Calopogonium muconoides
(‘Malabatong’). All of the plants mentioned can be considered as indicators of
degraded soil (Asio, 2007; Asio et al., 2014).
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Table 1. Site characteristics of the degraded soils in Sta. Rita, Samar

Site Soil profiles (SP)
characteristics SP1 SP2 SP3 SP4
Medium Medium Medium Medium

Landform gradient hill gradient hill gradient hill gradient hill

Phy_s!ographlc Summit Foot slope Summit Middle slope

position

Slope gradient Nearly level Level Nearly level Gently sloping

Coordinates 11°19.770’ N 11°19.803’ N 11°19.891°N 11°19.966° N
125°00.585” E 125°00.481" E 125°00.505°E 125°00.466° E

Elevation 30m 20m 25m 22m

Parent material Shale Shale Shale Shale

Soil moisture
regime

Soil
temperature
regime
Erosion

Rock outcrops/
stoniness

Drainage

Land use

Vegetation

Isohyperthermic
Udic

Slight
None

Good
Agricultural

C. nucifera,
C. odorata,
S.
malabathricum

Isohyperthermic

Aquic

None

None

Poor

Agricultural

Oryza sativa

Isohyperthermic

Udic

Slight
None

Good

Agricultural

C. odorata,
P. guajava,
I. cylindrica

Isohyperthermic

Udic

Evident

None

Good

Grassland

S. spontaneum,
C. odorata,
I. cylindrica

3.2 Morphological Characteristics

The morphology of the degraded soils in the area varied with the
physiographic positions (Table 2). The site had well-developed soils found on
the summit (SP1 and SP3) and in the foot slope (SP2) positions with the
horizon sequence of Ap-Bt-BC-C and Apg to Bwg, respectively, while
moderately developed soils occurred in the middle slope positions (SP4)
(horizon sequence: Ah-Bt-C). In the same vein, Asio et al. (2014) found that
the degraded upland soils in Inopacan, Leyte have well-developed soils on the
summit (horizon sequence: Ap-Bt-BC) and poorly developed soils in
backslope and toeslope (horizon sequence: Ap-AB-Bw-BC) positions.
Likewise, based on the initial study of Asio et al. (2015), degraded soils in
Sta. Rita were well-developed possessing an Ap-AB-Bt-C horizonation.
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In terms of color development, SP1 and SP3 had colors ranging from brown
to light yellowish-brown in the surface and yellowish-brown in the subsurface
horizon. Similarly, it was previously observed that the color of the degraded
soils in the area was dark yellowish-brown in the surface and light yellowish-
brown in the subsurface (Asio et al., 2015). SP2 had colors ranging from dark
yellowish-brown to light gray indicating a poorly drained soil that resulted in
a reduced form of iron (Fe) oxides linked to the absence of oxygen. The
observed grayish soil was mainly due to the inherent characteristics of land
converted into a rice field. Grayish color is commonly observed when the
amount of water is tightly held by the soil leading to Fe reduction. The grayish
color of the soil in SP2 was also attributed to slowly decomposing organic
materials from rice, which were deposited in the soil’s surface. Likewise,
paddy soil was very dark grayish-brown and dark gray in the surface and dark
brown in the subsurface (Sarker, 2018).

On the other hand, SP4 showed a humus-induced color of the surface horizon
that is dark grayish-brown and slightly, poorly drained subsurface horizon
with pale-brown color. The lighter hue or the yellowish-brown soils was due
to the abundance of Fe oxides primarily hematite and goethite, which are
important weathering products in the soil. In addition, the dark color indicates
the effect of the amount and type of organic matter (humus) deposited in the
soil and the type of parent material and the composition of weathering
products (Shoji et al., 1993). Soil color may also reflect the landscape
positions of the sites and indicate soil fertility.

Results also revealed that SP1 and SP4 had a granular structure in the surface
because of the humus accumulation and aggregate stability with a sub-angular
blocky and massive structure in the subsurface horizon. All other profiles had
massive structure and sub-angular blocky in the surface horizon and sub-
angular blocky in the subsurface horizon. The surface horizon in SP2 and SP3
had a massive soil structure because of the plowing activities that destroy the
soil aggregates.

Moreover, the structure of the soils derived from shale (SP1 and SP2) and the
shale mixed with sandstone (SP3 and SP4) with a sub-angular blocky structure
in the subsurface (B horizon) is commonly observed in tropical soils.
Correspondingly, degraded soils in the uplands of Inopacan, Leyte were found
to have a weak sub-angular blocky structure in the surface and moderate sub-
angular blocky structure in the subsurface horizon for SP1, SP2, SP3 and SP5
while SP4 had a massive structure due to the influence of plowing (Asio et al.,
2014).

8



J. R. Sabijon & V. B. Asio / Mindanao Journal of Science and Technology Vol. 20 (1) (2022) 1-22

In general, the degraded soils in Sta. Rita, Samar had friable consistency and
firm consistency in the surface and subsurface horizons, respectively. All soils
were sticky to very sticky and plastic to very plastic with depth. Likewise, soil
with a sticky and plastic consistency was observed in the other upland parts of
Sta. Rita (Asio et al., 2015). This observed high stickiness and plasticity of
the soil could be ascribed to its origin derived from shale parent materials
containing a high amount of clay. Other morphological features described in
the profiles had medium to fine roots in the surface horizons and very fine to
fine roots in the lower horizons. There was also a small volume of rock
fragments observed in the surface horizon, which are common, and high
volume in the lower horizons.

3.3 Physical Characteristics

Table 3 presents the physical characteristics of the degraded soils of the area.
The soils were medium-textured in SP1 and SP2 containing a high amount of
clay, moderate silt and low sand that gave silty-clayey to clayey texture in the
surface. The subsurface horizon also indicated a very high amount of clay,
moderate values of silt and a very low amount of sand. Meanwhile, SP3 and
SP4 exhibited a moderate amount of clay, high content of sand and low
content of silt. The results can be attributed to the contribution of mixed
composition of sedimentary nature of parent material, specifically shale. A
medium-textured soil was noticed in the degraded upland soils in Inopacan,
Leyte (Asio et al., 2014) and in some other parts of Sta. Rita, Samar (Asio et
al., 2015).

The high clay content of the soils was probably inherited from the shale parent
material rather than from the neoformation of clay from weathering processes.
The increasing clay with depth in SP1, SP3 and SP4 suggested clay
accumulation through clay illuviation and in situ weathering of the shale
parent material. This likewise demonstrated the important role of weathering
of parent material in young to moderately weathered soils that contributed to
the high clay content in the soil. It was greatly affected by the clay content and
soil structure (Hillel, 2004). This may be due to the Type IV climate of the
study site where rainfall is more or less evenly distributed throughout the year
with an average annual rainfall of 2,545 mm. This climate type closely
resembles the Type Il climate since it has no dry season.

On the other hand, the increase of clay content in SP2 was caused by the
inherent effect of parent material through weathering events. In contrast, the
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increase in clay in the rice field was associated with the clay illuviation
because of rice cultivation. In the study of Bahmanyar (2007), it was observed
that no illuviation and eluviation of clay minerals occurred as a consequence
of rice cultivation.

Results also showed that soils had a higher bulk density ranging from 1.30 to
1.50 g cmr®. It was observed that SP1, SP3 and SP4 had a lower bulk density
values in the surface horizons compared with sub-surface horizons. The lower
bulk density values in the surface horizons may be attributed to the high
organic matter coming from the decomposed root system of grasses as well as
the contribution from the tree leaf litters (Navarrete et al., 2000). A lower
bulk density values of surface soils suggested better soil aggregation leading
to better aeration. SP2 had a higher bulk density value in the surface horizon
and subsurface horizon. This was enhanced due to frequent plowing of the
surface soil in the rice field.

Furthermore, increasing bulk density values on the subsurface horizons in all
profiles were due to the weight of overlying layers, lower organic matter and
the presence of partially weathered and unweathered rock or parent material
and higher clay content. This observation was in accordance with the study of
Brady and Weil (2002), who highlighted that long-term cultivation tended to
lower total porosity and increase bulk density because of the decrease in SOM
and large peds. Meanwhile, the porosity values of the SP1, SP3 and SP4 were
relatively higher in the surface horizons than in the subsurface horizons. They
had relatively higher porosity values which ranged from 51% (surface) to 47%
(subsurface) and decreasing percentages of pore spaces with depth. This
observation was ascribed to the humus which gave a large number of pore
spaces and higher surface area. SOM can hold and retain large quantities of
pores and has been shown to increase infiltration and porosity (Carter, 2002).

Some instances happened that percent porosity in the surface resembles the
percent porosity in the subsurface. However, SP2 had lower porosity values
in the surface and subsurface horizons. This can be explained by the data in
Table 3, which shows that soils in the rice field exhibited higher bulk density
resulting in relatively lower porosity of the soil. This may be attributed to the
anthropogenic compaction of soil surfaces such as cultivation and foot
markings. Long-term cultivation lowers total porosity because of the decrease
in SOM and large peds (Brady and Weil, 2002).

10
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On the other hand, degraded soils in Sta. Rita, Samar exhibited moderate water
holding capacity (32.77-32.39%) and relatively higher field capacity (17.75-
25.48%). Higher available water in all soils was also observed. The increase
in values can be explained by the high amount of clay that influenced the
moisture retention of the soil. The amount of moisture retained in the soil is
increased when soil is high in clay content. The same result was obtained in
the study of Pathak et al. (2002) wherein the moisture retained by the soil
increased with an increased clay content. In addition, it was observed that the
surface horizon held more water than the subsurface or more or less similar in
moisture content because of the high amount of organic matter accumulated
in the soil. Similar to clay, SOM can hold and retain large quantities and
increase water holding capacity, infiltration and porosity (Carter, 2002).
Likewise, the higher the SOM content, the greater is the water storage capacity
of the soil (Wang et al., 2013).

3.4 Nutrient Characteristics
3.4.1 Soil pH

Soil pH expresses the activity of hydrogen in the soil solution that affects the
availability of mineral nutrients to the plants. Results revealed that most soil
profiles had pH values in water that were within the range of 5.0-7.0 (Figure
3). The soils were strongly and slightly acidic which could limit the growth
and development of the plants. The pH using KCI showed extremely acidic
and very strongly acidic values (3.70 to 4.84). The observed values indicated
generally acidic soil reaction, which is less favorable to the growth and
development of most crops (Landon, 1991).

The results suggested that acidification occurs with crop cultivation which can
be expected because of the losses of nutrients due to crop removal.
Acidification indicates that soil pH can be an indicator of chemical soil
degradation. However, the native plants on the site appeared to be growing
well which demonstrated that they could cope with the acidic condition of the
soil in the degraded uplands (Asio et al., 2014, 2015). It was also shown that
soil pH levels in other profiles increased with depth — surface horizon had
lower pH or more acidic than the subsurface horizons. The higher acidity of
the surface horizon can be due to the higher amount of organic matter from
leaf litter and other organic materials. The decomposition of these organic
materials produced organic and inorganic acids, thereby lowering the pH
(Genenew, 2008).
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Figure 3. Depth function of pH (H20) (a) and KCI (b) values of the
degraded soils in Sta. Rita, Samar

3.4.2 SOM and Total N

Schaeffer (2015) highlighted that SOM is essential for the stability and
ecosystem services of soils. Nitrogen plays a critical role in the growth and
development of a certain plant. Figures 4 and 5 show that the surface horizons
of all soils contained considerably higher organic matter and N than the
subsurface horizons. The surface soil contained a higher percent organic
matter (2.8 to 4.5%), while the subsurface horizons had a lower percentage
(0.3 to 0.7%). The values explained that degraded soils possessed very low N
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content, which is unsuitable for crop production based on the criteria used for
describing the level of nutrients in the soil (Landon, 1991). The higher organic
matter in the surface can be expected considering that organic matter comes
from the residue of plants and animals living in the surface soil. The high
percentage of organic matter in the surface horizon promotes darker color and
better aggregation (Genxu et al., 2004).

Organic matter (%)
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100
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Figure 4. Depth function of percent organic matter of the
degraded soils in Sta. Rita, Samar

Meanwhile, the soils had relatively low N content (0.17 to 0.22%) in the
surface horizon and the subsurface horizon (0.06 to 0.10%). The result implied
that N application is needed to improve soil fertility and increase crop yield.
The result agrees that total N content of all soil profiles in the degraded soils
were relatively high at the surface and decreased with depth following a
similar trend to that of the organic matter content (Asio et al., 2014, 2015).

There was variation among the SOM and total N with physiographic positions
because of the differences in vegetation cover, land use and human activities
among sites. Nevertheless, it was found that when organic matter increased,
the total N also increased and vice versa. The close agreement between the
behavior of total N and organic matter can be explained by the fact that more
than 95% of N is bound to the organic substance (Pagel et al., 1982).
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Figure 5. Depth function of total N of the degraded soils in Sta. Rita, Samar
3.4.3 Available Phosphorus

In all soils, the availability of P was relatively low, which is not suitable for
crop production (Table 4). The availability of P (< 3 mg kg) in all soils was
notably below the suitable amounts of 8 to 15 mg kg* (Landon 1991)
suggesting that P was the limiting nutrient in these degraded soils (Navarrete
et al., 2007; Navarrete and Tsutsuki, 2008). The trend observed was an
increase of P content in SP1 and SP3 in the subsurface horizon. This was due
to the availability and exposure of the parent rock in the subsurface horizon.

The available phosphorus in SP2 and SP4 decreased with depth. The low P
availability in the SP2 and SP4 was ascribed to the low P content of the parent
material by the alkaline or acidic chemical condition of the soils to the reaction
of P with noncrystalline Al and Fe oxides resulting in the formation of
insoluble metal-P compounds (Shoji et al., 1993). Likewise, acidic soils have
a high P-fixing capacity leading to limited P supply for the crops (Thomas et
al., 1999).

Moreover, P content can also be an inherent characteristic of the parent
material that influences the amount of P that is either released during
weathering and retained in soils or lost through leaching and erosion (Yang et
al., 2013). Hence, the results demonstrated that P application is crucial to the
management of the degraded soils since it is not added through rainfall or there
is no natural source except for the mineral apatite in the soil.
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3.4.4 Exchangeable Bases, Acidity and Effective Cation Exchange Capacity

Exchangeable bases reflect the contribution of parent material and the
influence of soil management practices. The amounts of exchangeable bases
regulate the soil’s pH; thus, they are important factors of soil fertility. The
amount of exchangeable calcium (Ca), Mg, potassium (K) and sodium (Na)
were determined by NH4OAc (pH7) with values given in Table 4. The
amounts of the exchangeable Ca, Mg and Na were relatively higher but
exchangeable K in all soils was low. The values ranged from 1.96 to 24.10
cmol. kg™ soil Ca; 3.68 to 18.05 cmol. kg soil Mg; 0.38 to 0.96 cmol. kg*
soil Na; and 0.02 to 0.27 cmol kg soil K. In a similar study, it was reported
that the soils in the degraded uplands in Inopacan, Leyte contained a high
amount of exchangeable Ca, Mg and Na with exchangeable K (Asio et al.,
2014).

Results indicated that these exchangeable nutrients were not a limiting factor
for crop production. The observed higher values of the exchangeable bases
can be attributed to the contribution of the parent material particularly
feldspar, which is an important source of these nutrient elements. It was
noticed that these nutrients increased with increasing depth of the soil profile.
It can also be noted that the levels of the exchangeable bases in the soil profiles
varied considerably between soils. As can be seen from the results, their
relative amounts follow the order: Ca > Mg > Na > K. In addition, very high
percent base saturation in all degraded soils of the area was observed (Table
4). This was due to the evidently considerable content of exchangeable bases
in all the soil profiles. This suggested the contribution of parent material to the
exchangeable base status of the soils. These results may also be explained by
the impact of land use and soil management practices employed.

Table 4 presents the values for exchangeable acidity and effective cation
exchange capacity (CEC eff.). The exchangeable Al and H were relatively
higher in all soils. The amount of exchangeable Al with depth corresponded
to the decrease of pH-H,O and pH-KCI. Asio et al. (1992) reported that
exchangeable APP* increased considerably below pH 5.0 in both H,O and in
CaCl, at a 1:1 soil/solution ratio. The increase in AI** could be linked to the
active aluminum oxides that can boost soil acidity by releasing Al-ion. The
result indicated that under acid conditions, AI** is the major cation in the soil
(Kamprath, 1980).

16



J. R. Sabijon & V. B. Asio / Mindanao Journal of Science and Technology Vol. 20 (1) (2022) 1-22

G596 97'9¢ 090 990 0.0 ¢eoT 800 T00°0 > 0,-0S f4e]
9/6 68/ 00 090 060 G6L 200  T000> 08-0¢ 10
2’6 TS€T 90 690 0S50 6C'Y 700 8T°0 0€-ST 1d
96 €E'GT €0 990 9¥o0 €8’y 170 9€'0 ST1-0 dy
(pueysseis - ado|s 8IPPIN) ¥dS
886 0T/ 000 9v0 T80 S0O8T 9T°0 02'0¢ 00T-0L 20
686 0T'€¢ G20 000 8.0 LOTT [AN0] vt 0L-.S 10
606 98'v¢ GL0 1IST T90 6E'1T 9¢'0 T000 > 1G-0€ od
TT. 9€2T 20T SSC V0 /8% 900  T000> 0€-ST g
L'TL ¥98 00T Wv¥T T¥0 89€ ST0 8T°0 GT-0 dy
(feanynouby - Hwwing) €ds
7’86 €¢6¢ 000 8¥Y0 TOT S¥QT 800 900 00T-0L emgd
L'86 G0'6¢ 000 &0 960 L9VT .00 00 0L-0% ng
T/6 S0SZ 000 2.0 [90 2T .00  T000> 0v-ST mmg
206 6T8T 990 <¢I'T 8€0 19°L €10 0 ST-0 dy
(reanynonby - ado|s 1004) zdS
L'86 99'G€ 000 ¥0 S90 6197 €00 cr'69 0,-0S [4e]
8'68 98'¢¢c 00T w1 990 <¢C'1T 700 T000 > 05-0¢ 10
6€. 9¥'9Z 00T T16'S 890 860T 800  T000> 0€-ST g
JAVA:] 96'0¢ 960 99T 690 €907 120 9¢'0 ST-0 yv
(reanynouby - nuiwing) 1ds
(1108 .63 °jowo)
6 (B>1/6w)
(%) 230 v +H EN W A d (wo) yude@  uozuioyyaqyoud [108
sg ‘3 3|qeabueyox3 S|qe[leny

Jewres ‘e)y "e1s ul sjios papelBap ay1 Jo saradoud [ediwsyd 8y ¥ 3|qeL

17



J. R. Sabijon & V. B. Asio / Mindanao Journal of Science and Technology Vol. 20 (1) (2022) 1-22

Moreover, cation exchange capacity (CEC) is defined as the sum total of
exchangeable cations such as K, Na, Ca and Mg present in the soil expressed
in cmol. kg soil. The most useful measure of cation retention capacity is CEC
eff.. Likewise, Driessen and Dudal (1991) pointed out that CEC eff. represents
the CEC at field conditions; hence, it is of great practical importance,
particularly in plant nutrition. This is a distinctive property of the soil as it
affects reactions and interactions of elements and nutrients present in the soil.
With its importance, results showed that the soil exhibited a relatively low to
a high amount of CEC eff. with a value range from 8.64 to 37.10 cmol. kg™.
The soils also contained high amount of percent base saturation as affected by
a considerable amount of exchangeable bases present in the soil.

Results implied that soils had a higher amount of readily exchangeable
nutrients for plant uptake and utilization. Due to the clay-rich nature of the
degraded soils, higher surface area or negative charges was available for
cation exchange reaction. The finer texture of the soil, the higher the negative
charges, the higher the amount of exchangeable nutrients is readily available
for plant utilization.

4, Conclusion and Recommendation

The degraded soils evaluated were derived from sedimentary rocks,
particularly shale. They were moderate to well-developed soils characterized
by an Ap-Bt-BC-C horizon sequence on the summit, Apg-Bwg horizon
sequence in the middle slope and Ap-Bt-BC in the foot slope. Most soils had
clayey texture, moderate bulk density, low to moderate porosity and high-
water holding capacity. The soils were friable in the surface horizons when
moist but plastic and sticky when wet. On the other hand, the soils were
slightly acidic indicating that soil acidity is not yet a serious problem for crop
production. The soils had a moderate amount of organic matter in the surface
horizon and low in the subsurface horizons. They had low total N and low
available P contents which can be a problem in crop production. However, the
soils had moderate to high exchangeable bases and cation exchange capacity
values. In terms of the degree of soil development, the soils were mature as
reflected by their horizonation, particularly by the presence of argillic horizons
(B harizons with high clay accumulation). However, they still had high base
saturation suggesting that they are not yet highly leached; hence, they are
classified as Typic Hapludalfs or Haplic Luvisols.
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With the low N and P contents of the studied soils, it is recommended to
conduct a constant assessment and monitoring of these soils. There is also a
need to provide an efficient and effective measure to mitigate soil degradation
by implementing appropriate and desirable soil management strategies
including cover cropping, natural vegetative strips, planting indigenous tree
species and acid-tolerant crops, and organic fertilization.
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