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Abstract

The present paper investigated the impacts of land use change on physical and
chemical characteristics of soil. A land, originally inhabited by native secondary
forest, later converted to pineapple cultivation was selected for collection of
representative soil samples from the 0-15 cm depth. A closely forest land was used
as the reference. Soil texture, bulk density, aggregate stability, pH, total nitrogen,
available soil P, exchangeable K and organic matter (OM) content were determined
following standard methods. According to the results, significant variations in OM,
soil pH, aggregate stability and available P were observed among forest and
cultivated lands. The distribution of particle size revealed a decrease in larger
particle size and an increase in smaller particle size following the conversion of
natural forest to other land cover. Land use changes from forest to pineapple
cultivation resulted in decreased aggregate stability, soil pH and organic matter
content. The highest (17.3 mg kg') mean available P was recorded in the old
pineapple land followed by forest land (15.0 mg kg1) whilst the lowest in the new
pineapple land (12.4 mg kg1). However the values of bulk density, total nitrogen
content and exchangeable K content of forest and cultivated lands were not
significantly different (p < 0.05). Based on the results, it can be concluded that regular
monitoring of soil properties is essential to maintain soil health, enhance agricultural

productivity and sustain agro-ecosystems
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1. Introduction

Soil is considered to be a key factor that
determines crop productivity. As the
characteristics of soil could vary with the
type and origin of soil, it is important to
distinguish soil as a substance on which
plants are grown. The quality of native soil
used in agriculture may change with time
(Guetal.2011; Keith etal. 2012; Santorufo
etal. 2012). Deforestation, cultivation, and
introduction of pastures, etc., could result
in changing soil’s biological, physical, and
chemical properties. Land use pattern and
natural processes which influence natural
resources including the soil properties are
known to be the key drivers of
environmental change. A considerable
extent of productive lands is reported to
be degraded due to poor management of
land, which is a major threat to rural
livelihood in many developing countries

(Braimoh and Vlek 2008).

Natural forestlands and grasslands have
been converted into arable lands in order
to meet the increasing demand for food
and other plant-based products (Abad et
al. 2014). As revealed by many studies,
intensive land use causes soil erosion

(Wang et al. 2012; Wijitkosum 2012a;
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Wijitkosum 2012b), soil quality, and soil
degradation (Biro et al. 2013; Karltun et al.
2013; Ubuoh et al. 2013). Altering the
forest ecosystem could have negative
impacts on the organic inputs that cause a
reduction in soil fertility (MufiozRojas et
al. 2015; Saha and Kukal 2015), increased
soil erosion (Biro et al. 2013), and finally
accelerated the rate of soil degradation
(Barua and Haque 2013). Many research
studies have been conducted on land
use/land cover changes and its impacts on
soil degradation (Adugna and Abegaz
2016; Wijitkosum 2016) over the last
decades. A study conducted by
Wanniarachhi and Shyamalee (2005) to
evaluate indicators to assess dynamic soil
quality of agricultural lands, in Matara
district recorded land management had a
significant overall effect on the dynamic

soil quality.

Furthermore, it was observed that bulk
density and soil organic matter were
robust indicators for evaluating soil
quality of agricultural lands. Besides, they
showed that plant nutrient levels, such as
nitrogen, phosphorus, and potassium are
not ideal indicators for evaluating soil

chemical quality of agricultural lands as
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the levels can mask inferior quality by the

application of fertilizers.

Plant cover is considered as the key
indicator of soil degradation as it protects
the soil against erosion by reducing water
runoff (Kropfl et al. 2013). However, land
use changes result in species replacement
and biotic homogenization or
differentiation. Biro et al. (2013) observed
that the conversion of natural ecosystems
to agricultural systems can substantially
affect severe soil degradation due to
reducing the composition of plant species
(mono-cropping), lack of crop rotation,
inappropriate methods of soil preparation,
and management. Adugna and Abegaz
(2016) reported a lower organic matter,
total nitrogen, cation exchange capacity,
and pH in cultivated land compared to
forestland and grazing land. Saha and
Kukal (2015) observed a higher bulk
density, lower macro-porosity and water
retention in cultivated lands compared to
forestlands and grasslands. This indicated
a rapid physical, chemical and biological
deterioration of soil and subsequent

decline of agricultural productivity.

Therefore, reliable information on the

effect of land use changes on soil physical
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and chemical properties is essential in
order to recommend optimal and
sustainable utilization of land resources.
The purpose of this study was to quantify
the effect of land use changes on selected

soil physical and chemical properties.
2. Methodology
Study area

As classified by Punyawardena et al.
(2003), the land selected for the study is
located in agro-ecological region WL2 (low
country wet zone) where the soil is Red
Yellow Podzolic and is classified as
Hapludults based on the USDA soil
taxonomy (Mapa et al. 1999). The climate
of the area is tropical monsoonal
(Punyawardena 2003), with a warm wet
period (April to June) and a relatively dry
period (January to March). The area
receives an annual rainfall of around 2500
mm. The rainfall distribution is bi-model.
The annual mean air temperature of the
areais 22 - 30 °C and the relative humidity
is about 80%.

The  sampling location was in
Ruhunugama, Kamburupitiya, in Matara
district, Sri Lanka. A forestland and two

cultivated lands (old and new growing
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lands) were identified as three major land
use categories. According to the land use
history, the selected site was reported to
be a forest land until 1989. Since then,
certain parts of the land have been
converted to monoculture farming with
pineapple (Ananas comosus), while the
rest is remaining as forest. The cultivated
area has suffered from continuous
deforestation, mono-cropping, heavy
usage of agrochemicals, and other

agronomic practices.
Soil sampling

Soil samples were drawn from randomly
selected sampling points after removing
the surface litter. They were drawn from
0-15 cm depth (the average plough layer)
using an auger. Samples were then mixed
thoroughly in order to make a composite
sample, air-dried, ground, and passed
through a 2 mm sieve prior to laboratory

analysis.

Soil analysis

Undisturbed core sampler method was
used in determining soil bulk density.
Aggregate stability was determined using
a method as described by Kemper and
Chepil (1965). Hydrometer method (Gee
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and Or 2002) was used in determining soil
texture, where the soil was dispersed with
sodium hexametaphosphate before taking
the readings. Soil pH was measured using
(1:2.5 soil: water) pH meter (HI 98127
HANNA). Walkley and Black method
(Nelson and Sommer 1996) was used in
calculating organic carbon (OC) content
and thereby determined the organic
matter (OM) content using the formula
(OM% =1.721 x OC). Exchangeable K* was
extracted by ammonium  acetate
(NH40AC) and determined using a flame
photometer (Helmke and Sparks 1996).
Micro-kjeldhal method (Bremner and
Mulvaney 1982) was usedin determining
the total nitrogen. Available soil

phosphorous was extracted according to

borax method (Dick and Tabatabai, 1977)

and determined using a
spectrophotometer (UV-VIS 160
Shimadzu).

Statistical analysis

Data generated were subjected to analysis
of variance (ANOVA) using SAS software
(SAS Institute 1988). Duncan’s New
Multiple Range Test (DNMRT) was applied

to test the significance of treatment means
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at p < 0.05. Values were given as means *

SD for triplicate samples.
3. Results and Discussion
Bulk density

As revealed by the results, no significant
difference in the bulk density of the
natural forest and two pineapple lands
were observed (Fig. 1). Bulk density is
considered to be a key physical parameter
of a soil that determines the nutrient
storage, retention of moisture, and
movement of gas in the soil (Wang et al.
2010). As reported by Nascente et al.
(2015), the bulk density of a soil is
strongly correlated with organic matter
and organic carbon content. We observed
significant differences in soil organic
matter content between forest land and
pineapple lands while, no such differences
were observed in bulk density of
respective lands. According to Erdel
(2012), bulk density 1is inversely
correlated with the organic matter content
which is also contentious with the present

results.
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Generally, lower bulk density values are
reported when the soil contains higher
proportions of clay. However, we have
observed significantly higher clay contents
in cultivated lands compared to natural
forests though their bulk density values

were not significantly different.

Furthermore, the effect of compaction due
to the use of machinery and human traffic
through the forest clearing, and
agricultural practices such as ploughing,
weed control, and harvesting on the bulk
density might be negligible in the present
study though such practices could result
differences in bulk density (Biro et al.
2013). Celik (2005) also reported that
deforestation and subsequent tillage
practices could result in increased bulk
density in surface soil. However, there
might be some differences in soil bulk
density values of lower soil depths due to
the effects of weight of the overlying soil
and the corresponding decrease in soil

organic matter content.
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Figure 1. Mean (+SE) soil bulk densities of pineapple and forest soils at Matara district

When bulk density is high, root growth,
movement of air and water in the soil is
restricted (Osakwe andIgwe 2013).
However, as stated by Kolay (2000), the
bulk density of a productive natural soil
generally ranges from 1.1 to 1.5 gcm3.
Therefore, the lands investigated under
the present study could be considered as
productive as the values of bulk density
ranged from 1.22 g cm-3 (in the forestland)

to 1.35 g cm3 (in the old pineapple land)
Soil Texture

The cultivated soils indicated
comparatively higher clay contents and

lower sand percentages than those of the

adjoining forestland and the values
between cultivated lands and forest land
were significantly different (Table 1)
However, there was no significant
difference in clay and sand contents
between old and new pineapple lands. The
mean silt and clay contents were
significantly higher in cultivated lands.
The forest lands had the lowest mean silt
and clay contents. According to these
results, the highest and lowest mean sand
contents were observed in the forest and
new pineapple soils respectively. The soil
texture was loamy sand in all land use
types (Table 1). This indicates the

homogeneity of soil forming processes and
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the similarity of parent materials. The
highest mean clay fraction was recorded in
the soils of the cultivated lands and the
lowest was observed in the soils of the
forest land (4.1 %). The highest clay
percentage observed in the soils of the
cultivated lands might be due to the
degree of weathering and tillage activities
(Khresat et al. 2008). The distribution of
particle size, in the present study, reveals
a decrease in larger particle size and an
increase in smaller particle size contents
following the conversion of natural forest
to other land-use cover. Clay particles are
very small particles and they are very slow
to settle out by runoff. Therefore, lower
content of sand and higher content of clay
fractions in the cultivated land may be
attributed to lands with runoff and
deposited on the topsoil of forestland

(Biro et al. 2013). The processes of
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ploughing, clearing and the levelling of
surface horizons of the farming fields may
also have attributed to the increased clay
content in cultivated lands (Adugna and
Abegaz 2016). Furthermore, cultivation
promotes physical weathering processes
as it shears and pulverizes the soil and
changes the moisture and temperature
regimes. The absence of protective
vegetation cover in the cultivated land also
indirectly contributes to the removal of
finer particles as it reduces the organic
matter that disturbs soil aggregates and
accelerates soil loss via erosion (Abbasi et
al. 2007). Soils with high clay content have
sufficient  particle-to-particle  contact
points to form strong bonds when the soil
dries (Eyayu et al. 2009). Cultivated land
with the highest clay fraction has the most

compacted soils.

Table 1: Mean (+SE) percentages of sand, silt and clay of pineapple and forest soils at Matara district

Lands type Sand %

silt %

clay % Soil texture

Forest land

New pineapple cultivated land 74.8b+1.2 12.32+0.8
Old pineapple cultivated land  78.1b+1.1 9.1+0.5

85.22+1.0 10.7°+0.6 4.1v+0.4

Loamy sand

12.92+0.8 Loamy sand

12.82+0.9 Loamy sand

Means with the same letters are not significantly different at 5% level.
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Soil Aggregate Stability

The mean weight diameter (MWD) is
commonly used to express aggregate
stability. It determines the size
distribution of aggregates and is
essentially a measure of macro-aggregate
stability as the aggregates that remained
on each sieve must be stable to the wetting
and sieving processes (Quanchao Zeng,
2018). There was a significant difference
in aggregate stability between the forest
land and cultivated lands (Table 2). The
cultivated soils have considerably lower

aggregate stability than that compared to
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forest land. According to Ayoubi et al
(2011), aggregate stability depends on
interaction between primary particles and
organic constituents. It varies with soil
environmental conditions, and
management practices and Caravaca et al.
(2003) indicated that cultivated soils have
comparatively lower aggregate stability
(mean 40 %) compared to that forest soils
(mean 82%). The results are in agreement
with Celik (2005) and Evrendilek et al.
(2004), who observed lower aggregate
stability in cultivated soil and higher

aggregate stability in forest soil.

Table 2: Mean (*SE) soil aggregate stability of pineapple and forest soils at Matara district

Land type

Mean weight Diameter (mm)

Forest land

New pineapple cultivated land

Old pineapple cultivated land

1.392+0.09

1.15b+0.11

1.09+0.08

Means with the same letters are not significantly different at 5% level.

Soil pH

Soil pH showed a significant difference
between old pineapple land and forest
land. However, no such variations were

observed between two cultivated lands

and also between new pineapple land and
forestland (Fig. 2). Soil reactions for all the
soil samples were moderately acidic to

slightly acidic (5.7-4.8) which might be
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due to the removal of bases with high

rainfall and subsequent rapid erosion and
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the depletion of basic cations through crop

harvesting.
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Figure 2. Mean (%SE) soil pH of pineapple and forest soils at Matara district.

The low pH value in the old pineapple land
may be due to continuous cultivation of
pineapple for a long period and also plants
absorb more basic nutrients such as
calcium, potassium and magnesium for
their growth with the time (Adugna and
Abegaz 2016). Soil acidity affects the
process of biological transformations and
bioavailability of many plant essential
nutrients (Barua and Haque, 2013).
Frequent application of urea base nitrogen
fertilizers also indirectly contributes to the
low soil pH values. Urea is dissolved in soil
water and rapidly convert into ammonia

(NH3) gaseous form and then to

ammonium (NH4*) when hydrogen ions
are plentiful in soils. Through the
nitrification process that involved in
nitrification bacteria, these ammonium
ions converted into nitrate ions (NOs3’)
which release lots of H* ions into soil
solution decreasing soil pH. The present
results are in agreement with Adugna and
Abegaz (2016) and Emiru and Gebrekidan
(2013) who observed soils in the
cultivated lands with lower pH than those
of the forest and grazing lands. Some
researchers reported slightly low pH for
forest soil compared to that of soils under

cultivated lands (Biro et al. 2013; Abad et
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al. 2014;) which might be due to pre-
weathered parent materials and leaching

of basic cations.
Soil organic matter

Soil organic matter content shows a strong
response to land use change and land
degradation thus could be considered as
one of the most reliable indicators
available  for  assessing  potential
productivity in different land use types
and management systems (Vagen and
Winowiecki 2013). There was a significant
difference in soil organic matter content
between forest land and pineapple lands
(Fig. 3). Forest soil had significantly higher
quantity of organic matter which reduced
drastically due to the conversion of natural
ecosystems into agricultural ecosystems.
This might be due to regular addition of
litter materials from above- and below-
ground plant biomass their reduced rate of
disturbance. In forest lands, the

contribution of below-ground biomass in

organic carbon accumulation was more
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than above-ground. The expanded root
system of perennial trees and grasses, lack
of tillage, and livestock addition also
contributed more inorganic carbon
storage. The lowest organic matter
content was recorded in old pineapple
land (Fig.3). This may be due to reduced
organic matter inputs to the soil system,
accelerated rate of microbial
decomposition, removal of green
materials with the harvest, and loss of
organic matter by erosion. There are some
similar reports on remarkable depletion of
the soil organic matter stock after
changing forest land to cultivated land
(Emiru and Gebrekidan 2013). Obviously,
the forest clearing followed by the
conversion of forest land into the
cultivated land has led to a drop in soil
organic matter contents. Cultivated soils
generally have low organic matter content
compared to native ecosystems, since
cultivation increases aeration of the soil,

which enhances the decomposition of SOM

(Kizilkaya and Dengiz 2010).
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Figure 3: Mean (+SE) organic matter (%) of pineapple and forest soils at Matara district

Total nitrogen

Higher total nitrogen was observed in
forest land than that of new and old
pineapple lands (Fig. 4). However, there
was no significant difference across the
different land use types. Most soil nitrogen
is generally bound to organic carbon.
Moges et al. (2013) also, identified that
total nitrogen does not significantly
change with different land use types.
However, Khresat et al. (2008) reported a
significant difference in total nitrogen
content between forest and -cultivated
lands which might be due to considerable

differences in soil organic matter content,

intensities of erosion, and continuous
cultivation. The relatively higher total
nitrogen content in forest land could be
attributed to the higher organic matter
content resulted from a continuous
addition of root and above ground
biomass to the soil system. The low total
nitrogen content reported in cultivated
lands might be attributed to the rapid
mineralization of soil organic matter due
to cultivation. Low inputs of soil organic
matter in such lands have contributed to
the low total nitrogen content (Moges et al.

2013).
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Figure 4: Mean (+SE) total N (g kg1) of pineapple and forest soils at Matara district

Available phosphorus

The available phosphorus (P) content was
significantly different among land use
types (Fig. 5). The highest (17.3 mg kg1)
mean available P was recorded in the old
pineapple land and the lowest was
observed in the new pineapple land (12.4
mg kg1). The highest available P content
recorded in the old pineapple land may be

due to carryover effects from the

continuous application of organic (animal
manure, compost, and household waste)
and inorganic P fertilizers (Triple super
phosphate, di-ammonium phosphate) for
soil fertility improvement. Repeated land
preparation practices enhance the
weathering processes and release a higher
amount of available P to the soil. The
results are in line with Fantaw and Abdu
(2011) who observed higher available P

content in cultivated soils in Ethiopia.
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Figure 5: Mean (+SE) available P (mg kg1) of pineapple and forest soils at Matara district

Exchangeable Potassium

The highest exchangeable K content was
recorded in old pineapple cultivated land
(19.8 mg kg'1) and the lowest (18.3 mg kg
1) was observed in the new pineapple
cultivated land (Table 3). However, there
was no significant difference in the overall
concentration of exchangeable K content
with land wuse types. The highest
exchangeable K content recorded in old
pineapple cultivated land may be due to

continuous application of organic and

inorganic fertilizers for years. The sandy
character of the forest soil may therefore
account for the relatively lower potassium
concentrations in the cultivated lands.
Similar to our findings, Moges et al. (2013)
observed higher exchangeable K content
in soil under the farmlands compared to
the adjacent natural forest. Unlike
nitrogen and phosphorus, potassium is not
associated to any great extent with organic
matter and is most often found in the soil

as inorganic forms.
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Table 3: Mean (+SE) exchangeable-K (mg kg1) of pineapple and forest soils at Matara district

Lands type

Mean value (ppm)

Forest land
New pineapple cultivated land

Old pineapple cultivated land

18.8+1.85

18.3b+2.13

19.8+1.92

Means with the same letters are not significantly different at 5% level.

4. Conclusions

The results of this study showed that
differences in the selected soil physical
and chemical properties on different land
use types. Significant differences in soil
organic matter, soil pH, aggregate stability,
and available P were observed between
forest and cultivated lands. However, the
bulk density, total nitrogen, and
exchangeable K contents of forest and
cultivated lands were not significantly
different (p= 0.05). Based on the results, it
is clear that there is a need for greater
attention to developing sustainable
land use practices in management of

these agro-ecosystems.
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