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Abstract: Assessing land uses-induced changes in soil properties from
natural forests to farmland are indispensable for addressing the
complications in terms of agricultural landscape sustainability. A study
was conducted in Rehabilitated Forest (RF), Oil Palm (OP), Secondary
Forest (SF) and Rubber Plantation (RP) at University Putra Malaysia in
order to examine the results of soil densification on soil characteristics
and fertility status via soil indices. Soils were sampled at two soil depths.
Fall-corn-type soil penetrometer was used to examine Soil compaction.
Status of the soil fertility was determined by using Soil Evaluation Factor
(SEF) and Soil Fertility Index (SFI). The soil compaction was severe at
RP and OP compared to SF and RF. The highest pH, total carbon and
cation exchange capacity was recorded at RP site. Soil at OP was found
highest organic matter content, nitrogen and available Al. The SFI was
comparatively upper than SEF value in case of both depths. The highest
SFI value was OP, followed by RP, RF and SF for the surface soil.
Therefore, soil fertility were affected by different types of trees such as
dipterocarp trees, oil palm trees and rubber trees as well as soil
managements and it is required to develop appropriate land use policy,
sustainable soil management and cultivation practices to face the recent
soil degradation in the study area.

Keywords: Soil Compaction, Physical and Chemical Properties, Soil
Fertility, SFI, SEF

Introduction

In global ecosystems soil is not only an important
constituent but also it plays an important function in
forestry and farming systems (Beheshti et al., 2012).
A recent chronosequence study documented of the
effects of soil-use and soil fertility on regaining forest
arrangement and species and the site quality of forests
(Chinea, 2002; Pascarella et al., 2000). The extensive land
use, specifically conversion of natural forests to agricultural
land, may affect in soil progressions and properties and
consequently soil functioning (Beheshti et al., 2012).
Several study have pointed out that changes in land
use would impact on the fertility and features of the
soils because of subsequent modifications in biotic
and abiotic factors (Solomon et al., 2000; Raise,
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2007) and also govern the soil physical, chemical and
microbial processes (Celik, 2005; Raise, 2007;
Beheshti et al., 2012). Agriculture activities also
result in a change of the aggregation-range of
spreading and stability. The vital affiliation among
Soil  Organic  Carbon  (SOC), activity of
microorganisms, aggregate-size and stability has been
identified through several past study (Celik, 2005;
Raise, 2007; Li et al., 2009).

There have some recognized factors which are
responsible for lower crop production, composition of
soil is one of them. At present composition of soil is
considered to be a multi-dimensional problem in
which some factors (machine, soil, crop and weather
interactions) play valuable role and which may have
serious environmental and economic consequences in
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forest and agriculture lands (Soane and Ouwerkerk,
1995). Soil compaction a term which is closely linked
with soil bulk and soil pore density had broadly
studied as indicator of land use quality or additional
environmental factors (Mattsson et al., 2000).

Soil nutrient contents are naturally greater in
undisturbed lands, such as wetlands, natural forests
and grasslands, than in converted croplands or planted
forests (Tanaka et al., 2009; Moscatelli et al., 2007;
Ouyang et al., 2013a). Beheshti et al. (2012) specified
that when forests have been transformed for rice and
rubber cultivation and perennial cash crops, serious
tillage practices reduce the soil organic carbon and
nitrogen storage in the topsoil. Quantity of soil
nutrient are also expected to be renewable in farming
systems through management of tillage, changing the
way of land with well-organized and systematic
farming practices, that’s may beas like irrigation and
the use of fertilizer or biodegradable pesticides
(Reijneveld et al., 2009; Tanaka et al., 2009; Aweto,
1987; Wicke et al., 2011). Moran et al. (2000) stated
that soil fertility and texture strongly affect the rates
of recovery of forest from anthropogenic disturbances
(such as traditional shifting cultivation, agroforestry,
mechanized agriculture, or cattle ranching). Johnson et al.
(2000) stated that both soil fertility and soil moisture
tend to covay with soil texture.

The use of soil fertility indices can help estimate
the impact of agricultural practices and forest
management for soil properties can be identified. The
evaluation of the soil quality and the identification of
vital soil composition that serve as indicators of the
functional properties of soil, is complicated by several
issues defining quality and diversity of biological,
chemical and physical factor which control the soil
processes (Doran and Parkin, 1994). To identify the
condition of soils due to land use changes during
agricultural practices and forest management achieves
an optimum level, the nutritional status of soil status
must be evaluated. For Sustainable ameliorating
agriculture, making land use practice and forest
management practice are important and characteristics
of how soil is changing and it’s effect on soil nutrition
is very important to ensure the sustainability. Several
researchers have emphasized on soil properties of
tropical rainforest in Malaysia, but the consequence of
soil compaction on soil properties and fertility status
using soil indices are lacking or still limited.
Therefore, the aim of this study was (1) to evaluate
the effect of soil compaction/hardness on it properties
and soil fertility status of the study area using soil
indices (2) to evaluate the effect of land uses and their
supervision on soil physio-chemical properties; (3) to
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judge the general affairs of some particular soil
physio-chemical function (4) to evaluate the nutrient
level of soil under several management. Thusly, such
limited correlation of the conceivable linkage between
land use changes and soil properties could be
important to distinguish land utilizes that are positive
for improved supplements and soil carbon stockpiling
and answerable for supplement and soil carbon
consumption. The out puts of this examination could
help for advancement of a proper land utilize
arranging and reasonable land assets the board and
subsequently for development of the vocation of the
agrarian network in the investigation region and other
comparable agro-natural Zone.

Materials and Methods
Study Site

This study was conducted under Rehabilitated Forest
(RF), Secondary Forest (SF), Oil Palm plantation (OP)
and Rubber Plantation (RP) at Universiti Putra Malaysia
Bintulu Campus in Sarawak, Malaysia and used in order
to compare the physico-chemical properties and soil
fertility status (Fig. 1). It is located about 600 km
northeast of Kuching the capital city of Sarawak, latitude
03°12°N, longitude 113°02’E and 50 m above sea level.

Soil Sampling and Analysis

Soils were sampled in plots size 20x20 m for each
site. Every plot was categorized into two sub-plots. The
samples (soil) were taken from two difference depths,
i.e., surface (0-15 cm) and subsurface (15-30 cm) from
every edge and in the center of the plot by using soil
borer in addition of that homogenizer to prepared the
composite samples. The moisture of sample were
removed through air then blend and sieved with a two
mm mesh sieve for physical and chemical analyses.

The assessment of soil compaction was done at RF,
SF, OP and RP. Three replications were done in each
plot, which is covered from top, middle and bottom of
the plots. Soil compaction was measured using fall-corn-
type soil penetrometer (Hasegawa Type H-60) until the
depth of 50 cm. Horizontal axis represents the
penetrating depth (cm) per one drop of weight (termed as
One Drop Penetrability, ODP) and vertical axis does the
cumulative depth (cm). In this study, soil compaction is
classified using the value plotted of the horizontal axis as
follows: very hard, ODP < 0.5 cm; hard, ODP between
0.5-1.0 cm; moderate, ODP between 1.0- 2.0 cm; soft,
ODP > 2.0 cm (Ishizuka et al., 1998).

Soil pH was determined in water or 1 M KCl in a
soil to solution ratio of 1:2.5 using glass electrodes
after reciprocal shaking for 1 hour (Jones, 2001). Soil
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organic matter and total organic carbon were
determined using 10 g of soil by loss-on-ignition
method (Ben-Dor and Banin, 1989). Total Nitrogen
was determined using Kjeldahl method (Bremner and
Mulvaney, 1982) and total carbon in soil was
determined by dry-combustion method (Schumacher,
2002) using 10 g of soil by LECO-412 analyzer
machine. Transferrable elementary cations (K, Ca, Mg
and Na) were take out with 1 M NH4OAc buffered at
pH 7. The combination of K, Ca, Mg and Na in the
solutions were measured by AAS — Shimadzu AA-
6800. Cation Exchange Capacity (CEC) was examined

by 0.05 M K2SO4 using the soil used for the basic
transferrable cation determination. Then, the soil was
scrubbed with 100 mL of ethanol (95%). Exchangeable
acidity and exchangeable Al were pull out with 1 M
KCI. The exchangeable acidity was justified by titration
method with 0.01 M NaOH and the content of
exchangeable Al with 0.01 M HCI (Sumner, 1992).
Accessible phosphorus was identified by the Bray Il
method. In Soil obtainable phosphorus was extracted
with a solution of HCI and NH4F (Bray and Kurtz,
1945). Particle-size spreading was identified using the
pipette methods (Gee and Bauder, 1986).
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Fig. 1: Detailed soil map of UPM Bintulu Campus, Sarawak (modified from Peli et al., 1984)
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Soil Fertility Index (SFI) (Moran et al., 2000) and
Soil Evaluation Factor (SEF) (Lu et al., 2002) were
taken to gage the soil productiveness of these four
dissimilar land uses. The SFI and SEF indices were
analyzed to enumerate the intensity of land degradation
where the study was conducted:

SFI = pH + Organic matter (%dry soil basis)

+Available P (mgkg “dry soil ) + Exchg.K (cmol kg )
+Exchg.Ca(cmol kg ) + Exchg.Mg (cmol kg ™) 1)

~Exchg.Al (cmol kg )

SEF = [Exchg.K (cmol,kg ™)+ Exchg.Ca(cmol.kg ™)
+Exchg Mg (cmol kg ™) - log (1+exchg.AI(cmoIckg’1)J 2)

xOrganic matter (%dry soil basis)+5

Data Analysis

An independent t-test was performed to detect any
significant differences on the surface soils (0-15 cm) and
subsurface soils (15-30 cm) for rehabilitated forest,
secondary forest, oil palm and rubber plantations.
General Linear Model (GLM) procedure was used to
detect any significance differences of physico-chemical
properties among different land uses followed by a post-
Hoc Tukey’s (HSD) for mean separation test. The

Statistical Analysis System (SAS) version 9.1 was used
for the analysis.

Results and Discussion
Soil Compaction and its Effects on Soil Properties

The results in Fig. 2 showed that the soil compaction at
rehabilitated forest from 0 to 3 cm depth was very soft
with high ODP values, which means the soil was less
compacted. The soil compaction at 4 to 11 cm depth
showed the moderate ODP values. The soil became very
hard towards the end from point of 12 to 49 cm depth. The
soil compaction at secondary forest showed that the soil
from 0 to 3 cm depth was very soft. The ODP value at 4 to
23 cm depth was soft and the soils turns to very soft at the
point of 24 to 25 cm depth. In oil palm plantation area,
from0 to 6 cm depth soil was very soft. At 7 to 27 cm
showed that the soil was soft. The ODP value at the point
of 28 to 41 cm depth showed the soil was moderately
hard, while at 42 to 44 cm depth the soil was soft and then
the soil turned to moderately hard. However, the rubber
cultivation area at 0 to 7 cm depth showed that the soil
was very soft. Then the soil was moderately hard from the
point of 8 to 28 cm depth. The soil compaction from the
point of 29 to 31 cm was very soft but, then it turned to
moderately hard. Soil compaction measurement provides
valuable information on soils to predict a significant
physical hazard for plant growth (Sakurai et al., 1998).

Compaction rate (cm)
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Fig. 2: The pattern of soil compaction at Rehabilitated Forest (RF), Secondary Forest (SF), Oil Palm (OP) and rubber plantations
(RP) determined using fall-corn-type soil penetrometer (Hasegawa Type H-60)
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From our observation we found tap root system at
rehabilitated forest and secondary forest trees and also
rubber plantation while fibrous roots were found at oil
palm trees. The upper roots are a key root descending
downward from the fundamental and giving off tiny
lateral roots. While, the fibrous roots grow from
adventitious roots get out of bed from the plant’s stem and
habitually do not enter in the soil very deeply. Plants with
fibrous root structures are especially suitable in averting soil
erosion due to their roots accord themselves firmly to
subdivision of soil. It is expected that the roots of tree at
rehabilitated, secondary, oil palm and rubber trees were not
elongated when ODP value is less than 0.5. Ishizuka et al.
(1998) found in their study on distribution of soils at
Lambir Hill National Park in Sarawak, Malaysia that the
root cannot be elongated in steep slope area. The study by
Ishizuka et al. (1998) stated that the physical hazard of soil
hardness for root elongation was confirmed at some point
within the slope area due to clay accumulation in the
subsurface layers. The morphological and physical
characteristic of the soil area was discussed by Aiza et al.
(2012) and also found the same results.

The total count of soil compaction assessment down
to 50 cm depth within the secondary forest and rubber
cultivation areas was less than 25 and 34 drops,
respectively. Considerably the soil in those areas less
compaction and the roots can penetrate more into deeper
layer of soil. The effects of rubber on soil physical
properties are quite distinct from other food crops, which
Nye and Greenland (1964) reported result in rapid
deterioration in soil physical status and did not function
as natural bush fallow vegetation that improves soil
physical status over the time (Aweto, 1987). The ODP
value at the secondary forest and rubber cultivation areas
was almost 2.0 until the depth of 8 cm, especially at the

surface layer ODP value was very high because of well-
developed forest litter.

Cumulative depth and graph pattern of soil
compaction for rehabilitation forest and oil palm
plantation longer than secondary forest and rubber
cultivation. Total count of soil compaction measurement
down to 50 cm at rehabilitation forest and oil palm
plantation is almost more than 45 drops. The ODP value
was less than 1.0 in the deeper layer of soil. It is
indicating that there were little gravelly materials
presented at the subsurface layer, which inhibited root
penetration into the soil. The similar results also found
by Ishizuka et al. (1998). However, uses of agricultural
machinery and tree management might be contributed in
increasing soil compaction at that site.

Outcomes indicated that equally in agricultural and
forest soils, compaction not only decrease total soil
absorbency but also modifies the pore structure. In fact,
the fraction of lengthened pores, useful for water
movement and root development is strongly reduced in
compressed soil. The alterations to the pore system also
change the form of soil structure. The massive and platy
constructions are common feature in compacted soil.
Results also exhibited that the lessening of porosity and
of elongated pores following compaction is severely
connected to the growth of penetration resistance and to
the decrease of hydraulic conductivity and root growth
(Pagliai et al., 2000).

Characteristic of Soils at Different Depths

In order to evaluate the effect of soil compaction on soil
properties of RF, SF, OP and RP site, the soil properties at
those sites were investigated. The results of soil physico-
chemical properties of the surface and subsurface for RF,
SF, OP and RP site are shown in Table 1.

Table 1: Comparison of physico-chemical properties in surface and subsurface soils among the sites

Sites

Surface (0-15 cm)

Subsurface (15-30 cm)

Soil properties RF SF OP RP RF SF OoP RP
pH (H20) 4.432 4,182 4.382 4.332 4.592 4.412 4,232 4.302
pH (KCI) 3.65% 3.58° 3.802 3.74% 3.832 3.822 3.782 3.772
OM (%) 5.14b 5.03° 7.042 7.032 3.60° 3.67° 6.39° 6.79°
Total C (g kg™) 1.718 1.948 1.902 2.022 1.062 1.11#8 0.952 0.812
Total N (g kg™?) 2.232 2.952 3.102 2.65? 2.792 2.402 2,192 3.022
CEC (cmolc kg™?) 5.28° 5.13° 12.362 13.042 5.63° 4.18° 10.892 13.642
Exc. K (cmolc kg™) 0.162 0.10° 0.11° 0.13% 0.09° 0.102 0.05° 0.03°
Exc. Ca (cmolckg™) 0.278 0.08 0.22% 0.02¢ 0.162 0.08% 0.05° 0.02°
Exc. Mg (cmolc kg1 0.242 0.06" 0.21e 0.242 0.142 0.042 0.10° 0.072
Exc.Al (cmolckg™) 1.13 1.98b 2.218 2.092 1.10° 1.27° 2.992 2.712
Avail. P (mg P kg% 2.68P 2.54b 6.212 3.03 1.982 1.722 4772 4,692
Clay (%) 21.062 17.142 17.322 16.052 21.57° 27.42% 21.98° 31.942
Silt (%) 39.332 16.05° 41.448 21.93° 35.332 16.75° 37.762 28.982
Sand (%) 39.51° 66.782 41.08° 61.902 43.042 55.802 40.19° 38.97°

Note: Different superscripts letter(s) in the same row indicate significant differences among sites at p < 0.05 using Tukey's HSD test
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The soil pH (pH-H20 and pH-KCI for all sites (Table 1)
were acidic ranging from 4.18 to 4.43 (pH-H;0O) and
3.58 to 3.73 (pH-KCI) for surface soil and, 4.23 to 4.59
(pH-H20) and 3.77 to 3.83 (pH-KCI) for subsurface soil,
respectively. Rehabilitated forest held the highest value
for both surface and subsurface soils. The results also
showed that the soils for all sites were acidic (pH-H20
and pH-KCI for both depths. Results from a study of
tropical forest in Mexico stated that a low soil pH value
found in old-growth forest soils was due to low quality
organic matter accumulation, as well as the presence of
recalcitrant materials such as lignin (Bautista-Cruz et al.,
2012). Soil from the oil palm plantation and rubber
plantation held the highest organic matter content for
surface and subsurface soils compared to other sites.
Beheshti et al. (2012) stated that land use changes and
types are the factors that controlling organic matter
sequestration in soil, as they affect the quantity and
quality of organic inputs, litter decomposition rates and
process of organic matter. Climate, especially heavy
rainfall in tropical region is important in determining the
amount of OM and total N losses from forest ecosystem.
Besides that, Ouyang et al. (2013b) also reported that
large soil organic matter losses occurs when native land
is converted to agricultural land.

The total carbon was highest in the rubber plantation
(2.02 g kg™) for surface soil, while secondary forest (1.11 g
kg™) held the highest for subsurface soil. The total nitrogen
was the highest at oil palm plantation (3.10 g kg™) for
surface soil, while rubber plantation (3.02 g kg™*) held the
highest value for subsurface soil. Beheshti et al. (2012)
reported that the cultivated soil has a greater C and N
content than forest soil due to distribution in the clay-
size fraction and turnover rate at the surface layer. The
agricultural practices and land-use management are the
factor that may cause the high total carbon content
(Huang et al., 2007).

The Cation Exchange Capacity (CEC) was the
highest in the rubber plantation for both surface and
subsurface soils (13.04 and 13.64 cmol. kg7,
respectively). The lowest CEC value was at secondary
forest (5.13 and 4.18 cmol. kg, respectively) for both
depths. This indicates that the organic matter content for
rubber plantation was higher than other sites. This
explains that the decomposition rates of organic matter at
rubber plantation were higher than other sites. Organic
matter affects the CEC of soils (Heryati et al., 2011).
Therefore, soils with high organic matter have higher
CEC than soil with low organic matter (Hardjowigeno,
2007). The exchangeable K, Ca and Mg were highest at
rehabilitated forest with 0.16 cmol. kg, 0.27 cmol, kg™
and 0.24 cmol. kg™, respectively at surface soil. While
for subsurface soil the highest exchangeable K was at
secondary forest (0.10 cmol. kg™) and exchangeable Ca
and Mg at rehabilitated forest (0.16 and 0.14 cmol. kg2,
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respectively). The exchangeable bases for all sites and
both depth considered very low in comparison to the
exchangeable Al. Lu et al. (2002) reported that the
physical structure (compaction and particle composition)
were related with nutrient accumulation, while chemical
properties (K, Ca and Mg) have significant effects on
biomass accumulation. Tanaka et al. (2009) suggested
that nutrient removal from soil by tapping is not
negligible although tapping activity continues for more
than 10 years. However, tapping activities related to high
intensity of rubber latex production and it might be
contributed to nutrient depletion in soils.

The exchangeable Al for surface soil was highest at
oil palm plantation (2.21 cmol; kg™) and the lowest was
at rehabilitated forest (1.13 cmole kg™2). While for
subsurface soil, the highest exchangeable Al was also at
oil palm plantation (2.99 cmol. kg™) and lowest at
rehabilitated forest (1.10 cmolc kg™). The high level of
exchangeable Al could be the reason of low availability
of other nutrients such as K, Ca, Mg and particularly
phosphorus because these nutrients was fixed by Al, so it
could not be wused by plants for its growth
(Hardjowigeno, 2007). The ability of roots to absorb
nutrients also restricted due to high level of
exchangeable Al. The available P was highest at oil palm
plantation (6.21 mg kg™ and 4.77 mg kg™) and the
lowest at secondary forest (2.54 mg kg and 1.72 mg
kg™) for surface and subsurface soils respectively. The
high amount of available P in oil palm may be due to
accumulation of phosphorus fertilizer in the soil
(Ouyang et al., 2013a). According to Lal (1997), in
tropical region, one of the limiting factors of forest
productivity is low in phosphorus content. But every tree
species demands phosphorus differently and some of
them have better capacity to extract phosphorus in fixed
form from soils (Heryati et al., 2011).

The clay composition was the highest at rehabilitated
forest (21.06%), while the lowest at rubber plantation
(16.05%) for surface soil. At subsurface soil, the
highest clay composition was at rubber plantation
(31.94%) and the lowest was rehabilitated forest
(21.57%). The silt composition was the highest at oil
palm plantation (41.44% and 37.76%) and the lowest at
secondary forest (16.05% and 16.75%) for surface and
subsurface soils, respectively. While for sand
composition, the highest value was at secondary forest
for both depths (66.78% and 55.80%) and the lowest
value was at rehabilitated forest (39.51%) for surface
soil and rubber plantation (38.97%) for subsurface soil.
According to Lu et al. (2002), physical structure is
related to nutrient retention in the soil layers. The soil
texture for these soils can be classified into loamy
(rehabilitated forest and oil palm plantation) and sandy
clay loam to silty loam (secondary forest and rubber
plantation) (Aiza et al., 2012). Higher clay content
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associated with lower sand composition can hold more
nutrients in the soils. Conversely, low in clay content
associated with high sand content result in low nutrients
retention in soil (Heryati et al., 2011).

Assessing soil Fertility Status Using Soil Indices

The dissimilarities in soil properties make it tough to
find aappropriate method to judge the soil conditions in
tropical forests. Consequently, Moran et al. (2000) and
Lu et al. (2002) had established a method for
approximating soil fertility and site excellence called
Soil Fertility Index (SFI) and Soil Evaluation Factor
(SEF). The methods were used to assessment soil
fertility and site productivity under different
progression stage of secondary forest in tropical
Amazon (Heryati et al., 2011). Mutually SFI and SEF
are valid for assessing soil fertility and site quality
under dipterocarp plantation in transformed degraded
forestland in Perak, Malaysia (Arifin et al., 2008;
Zaidey et al., 2010). The question remains, are these
fertility indices applicable to an agricultural system?
A suitable soil quality indictor must be sensitive to as
many degrading agents as possible, show a consistent
directional change in response to a given contaminant
and be able to reflect different levels of degradation
(Elliott, 1997). Zornoza et al. (2008) also stated that
to obtain the accuracy and sensitivity of indices
organic matter content are most important indicator

The SFI and SEF values for surface and subsurface
soils are shown in Fig. 3 and 4 for all sites. Figure 3 and
4 showed that the value of SFI was higher than SEF
value at both depths. The highest SFI value was at oil
palm plantation (11.97) followed by rubber plantation
(11.44), rehabilitated forest (9.30) and secondary forest
(7.77) for surface soil. While for subsurface soil, the SFI
value was highest at rubber plantation (11.03) followed
by oil palm plantation (10.66), rehabilitated forest (7.90)
and secondary forest (7.18). However, the SEF values
were lower compared to SFI values for all sites and
depths. The highest SEF value was at rehabilitated forest
(5.70) followed by oil palm (5.29), rubber plantation
(4.31) and secondary forest (3.21), respectively for
surface soil. While for subsurface soil, the highest value
was at rehabilitated forest (4.56) followed by secondary
forest (3.89), oil palm plantation (3.73) and rubber
plantation (2.99). The SEF values for subsurface soil for
all sites were lower compared to surface soil, excepted
for secondary forest.

It is indicating that the soil in the crop plantation
areas held more nutrient content compared to
rehabilitated forest. This is happened due to fertilization
for a long period of time in the plantation areas (oil palm
and rubber). The soils under secondary forest in this
study were characterized by acidic condition and lower
nutrient contents of exchangeable bases, clay content,
total carbon and available P. The soil properties
presented in this study area might be result of nutrient

that reflect in physical, chemical and biological loss from the soil due to prolonged of human activity,
properties in the soils. types of parent material and climatic condition.
14
12
10
8 B RF
SF
61 = OP
m RP
4 -
2 4
0
SFI SEF

Fig. 3: The Soil Fertility Index (SFI) and Soil Evaluation Factor (SEF) comparison for Rehabilitated Forest (RF), Secondary Forest
(SF), Oil Palm plantation (OP) and Rubber Plantations (RP) at surface soils (0-15 cm). Different letter(s) indicate significant
differences among sites at p < 0.05 using Tukey's HSD test
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Fig. 4: The Soil Fertility Index (SFI) and Soil Evaluation Factor (SEF) comparison for Rehabilitated Forest (RF), Secondary Forest
(SF), Oil Palm plantation (OP) and Rubber Plantations (RP) at subsurface soils (15-30 cm). Different letter(s) indicate
significant differences among sites at p < 0.05 using Tukey's HSD test

Akbar et al. (2010) and Lu et al. (2002) stated that if the
SEF value was less than 5, the soil did not reach the fertility
status or extremely poor in nutrients content. However,
factors such as climate, soil parent material and time could
be causes of soil fertility status and therefore, it is need to be
studied in greater aspect. The contribution of exchangeable
Al in SEF probably affects to its value. If high amount of
exchangeable Al is expressed, low SEF results could occur.
If the soil is mature or highly weathered, the release of
organic acids, mostly fulvic and humic acid are increased in
the soil (Bautista-Cruz and del Castillo-Sanchez, 2005).
The negative charge of these acids bond with AI®* cations to
form organometallic complexes, help to reduce
exchangeable Al in the soil (Bautista-Cruz et al., 2012).

After the Soil quality Indices (SFI and SEF) were
applied, the soil under oil palm and rubber plantations had a
higher value compared to rehabilitation and secondary
forests. It is likely that, the values were different because of
the farm management practices, soil compaction/hardness
and application of fertilizer. As we know, oil palm and
rubber were fertilized for their products (fruits and rubber
latex), but it is noted that no fertilizer application occurred
at rehabilitated and secondary forests after planting.
Therefore, comparisons between sites management and cost
input were difficult to measure.

The Relationships Among of the Selected Soil
Chemical Properties and Soil Indices

The correlation analyses were carried out to examine the
roles of selected soil properties, SFI and SEF. Table 2
shows the results of Pearson correlation for selected soil
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chemical properties, SFI and SEF for all sites at 0-15 cm
depth. There were significant positive correlation were
found pH-KCI with pH-H,O; CEC with pH-KCI and OM,;
Mg with CEC; P with CEC,; silt fraction with exchangeable
Ca, Mg and available P; SFI with pH-KCI, OM, CEC, Mg
and clay fraction; and SEF with exchangeable Ca, Mg and
sand fraction. However, negative correlation were found
TC with pH-H.O; CN ratio with pH-KCI and TN; Al with
pH-KCI, OM and CEC; sand fraction with exchangeable
Ca, available P, Clay and silt fraction; SFI with
exchangeable Al; and SEF with sand fraction.

Table 3 shows the results of Pearson correlation for
selected soil chemical properties, SFI and SEF for 15-30 cm
depth for all sites. The positive relationships were found
pH-KCI with pH-H,O; CN ratio with TC; CEC with OM;
exchangeable Ca with pH-H;O, TC and exchangeable K;
exchangeable Al with exchangeable K; silt fraction with
CN; SFI with OM, CEC and clay fraction; and SEF with
exchangeable K, Ca and Mg. However, there were negative
correlation found OM with pH-H-O; CN ratio with TN;
CEC with pH-H.O; exchangeable K with OM, CEC;
exchangeable Ca, OM and CEC; clay fraction with
exchangeable K; silt fraction with TN, sand fraction with
clay and silt fraction; SFI with pH-H.O, exchangeable K,
Ca and Al; and SEF with OM, CEC and SFI.

Similar with our findings Tilahun (2007) and
Getahun et al. (2014) also found that OM significantly
and positively correlated with cation exchange capacity.
Tilahun (2007) also found a positive correlation between
exchangeable Ca and K. However, Ali et al. (2010)
found pH-H,O was positively correlated with pH-KCI
while negatively correlated with OM.
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Table 2: Correlation between selected soil properties, SFI and SEF at 0-15 cm depth for rehabilitated forest, secondary forest, oil palm and rubber plantations

Correlations D1 (r?)

pHw pHk oM TC TN CN CEC Ca Mg Al P XC XS xsa SFI SEF
pHw 1
pHi 0.607° 1
oM ns ns 1
TC -0.571" ns ns 1
TN ns ns ns ns 1
CN ns -0.524" ns ns -0.896™ 1
CEC ns .658™  0.716™ ns ns ns 1
Ca ns ns ns ns ns ns ns 1
Mg ns ns ns ns ns ns 0.503" ns 1
Al ns -0.611" -0.566" ns ns ns -0.632" ns ns 1
P ns ns ns ns ns ns 0.540° ns ns ns 1
XC ns ns ns ns ns ns ns ns ns ns ns 1
XS ns ns ns ns ns ns ns 0.711™ 0.509" ns 0.566" ns 1
Xsa ns ns ns ns ns ns ns -0.740™ ns ns -0.520° -0.577" -0.970™ 1
SFI ns 0.569° 0.899™ ns ns ns 0.798™ ns 0.540"  -0.712™ 0.701™ ns ns ns 1
SEF ns ns ns ns ns ns ns 0.828"™ 0.811™ ns ns ns 0.734™ -0.704™ ns 1

Note: * And **: significant at p < 0.05 and p < 0.01, respectively and ns means non-significant

Table 3: Correlation between selected soil properties, SFI and SEF at 0-15 cm depth for rehabilitated forest, secondary forest, oil palm and rubber plantations

Correlations D2 (r?)

pHw pH« OM TC TN CN CEC K Ca Mg Al XC XS xsa SFI SEF
pHy 1
pH  0.744™ 1
OM  -0.762™ ns 1
TC ns ns ns 1
TN ns ns ns ns 1
CN ns ns ns 0.539" -0.689™ 1
CEC -0.703"™ ns 0.919™ ns ns ns 1
K ns ns -0.778"™ ns ns ns -0.758™ 1
Ca 0.685™ ns -0.962™ 0.590" ns ns -0.892™ 0.736™ 1
Mg ns ns ns ns ns ns ns ns ns 1
Al ns ns ns ns ns ns ns 0.689™ ns ns 1
XC ns ns ns ns ns ns ns -0.669" ns ns ns 1
XS ns ns ns ns -0.593" 0.535" ns ns ns ns ns ns 1
Xsa  ns ns ns ns ns ns ns ns ns ns ns -0.572° -0511" 1
SFI  -0.671™ ns 0943 ns ns ns 0.925™  -0.900™ -0.904™ ns -0.583" 578" ns ns 1
SEF ns ns  -0.837" ns ns ns -0.682""  0.600°  0.844™ 0.646™ ns ns ns ns -0.728" 1

Note: * and **: significant at p < 0.05 and p < 0.01, respectively and ns means non-significant

Tilahun (2007) also found a positive correlation pH-H2O
with exchangeable Ca and CEC with Mg while sand
fraction was negatively correlated with exchangeable Ca.

Positive correlation SFI with pH-KCI, OM, CEC, Mg
and clay fraction while negative correlation SFI with
exchangeable Al indicates that the high level of
exchangeable Al could be the reason of low availability
of other nutrients particularly phosphorus because
nutrients fix by Al. This result also indicates that SFI can
be used to estimate soil fertility status of studied areas.
Avrifin et al. (2008) and Zaidey et al. (2010) applied SFI
and SEF for estimating soil fertility and site quality
under dipterocarp plantation in rehabilitated degraded
forestland in Perak, Malaysia.

Conclusion

This study showed that the soil fertility status of the soils
in study areas was affected by soil compaction. The
availability of nutrients reduced when its goes down to the
deeper layer of soil (more than 15 cm depth). The
compaction of soil also affected the distribution of active
roots and the capability of roots to take the nutrients. Other
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than that, soil management, types of parent materials and
climatic conditions, also affected nutrients availability. The
application of soil indices in this study helps in finding a
suitable method to assess the soil conditions in tropical
forests. The soil under rehabilitated forest could be regarded
as identical to those under secondary forest. This is proved
that the rehabilitation programs could enhance the soil
fertility status of degraded land due to logging activity and
farming. However, the loss of nutrients from the fields with
steep probably unavoidable under the tropical climate
conditions in Sarawak. The availability of several nutrients
such as organic matter and bases (K, Ca and Mg) were the
crucial nutrient that needed by the plants for growth. The
condition of pH of the soil plays the important role because
it’s affected the availability of organic matter
decomposition, exchangeable bases and cation exchange
capacity in the soil. From the viewpoint of soil fertility
management, the appropriate managements and assessment
of different kinds of land use (farming or rehabilitation), site
history and soil characteristics will contributes to the
sustainability of a farming or rehabilitation system with less
impact on the surrounding environment. Therefore,
examining the ecological significance of stand age and
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stress (disturbance) for function-based interpretations of
soil quality indicators should be taken into consideration.
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