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Tropical forests are increasingly exposed to devastating bushfires, leading to increased erosion. This work involves the study of the
effect of exposure to heat on erosion development. Four different soil samples from the study area were used for the study. In this
study, the postfire impacts of a laboratory fire representing a bushfire and a subsequent rainfall simulation experiment rep-
resenting postfire rainfall were compared to evaluate the short-term impact of fire on heated bare soil. Laboratory observations
show that bushfire or wildfire affects the erodibility of different types of soil. When the soil under consideration contains a
meaningful amount of clay, initial exposure to heat tends to cement the soil sample, because clay minerals harden on exposure to
bush burning. However, it is generally observed that at 6 hours of exposure to burning, the cementation is adversely affected,

leading to increased soil loss.

1. Introduction

Bushfire fires are increasing in frequency and magnitude
due to climate change and human activities, respectively
[1]. Recent challenges and policy developments are op-
portunities for soil physicists and other soil erosion
modellers to respond with more accurate assessments and
solutions as to how to reduce soil erosion and how to
achieve Zero Net Land Degradation (ZNLD) targets of 2030
[2, 3]. Therefore, determining the relationship between
bushfire and erosion development is imperative in
achieving ZNLD. Post-bushfire responses are basically
transitory, incident, variable in space and time, dependent
on intensity and severity, and involve multiple processes
measured by different methods [4]. Forest fires are known
to be one of the major causes of soil erosion, slope in-
stabilities, land degradation, and sometimes debris flow
[5-7]. These effects are felt both in temperate regions and in
the tropics [8-10].

On-site effects are particularly evident on agricultural
land where redistribution of soil particles within the area,
loss of soil from the area, the breakdown of soil crumb, and
the reduction in organic matter and nutrients lead to a
reduction of cultivable soil depth and soil fertility. Erosion
also leads to a decrease in soil moisture, which leads to a
more drought-prone environment. The resultant effect is a
loss of fertility vis-a-vis productivity and increased expen-
diture on fertilizer. Many countries spend so much on
fertilizer, leading to an increase in the cost of agricultural
products. According to Morgan [11], only 22% of the Earth’s
total field of 14,900 million hectares is conceivably pro-
ductive. Since this has to provide 97% of the food supply, it is
under rising constraint as the global population continues to
surge.

Oft-site problems emanate from sedimentation down-
stream, reducing the capacity of watercourses and drainage
channels, enhancing the risk of flooding and blocking ir-
rigation canals, shortening the design life of reservoirs.
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Numerous hydroelectricity dams and irrigation projects
have been rendered ineffective by erosion. Sediments have
the potential to increase the levels of nitrogen and phos-
phorus in water bodies, leading to eutrophication. Erosion
contributes to the weathering of soil aggregate into basic
particles of sand, silt, and clay. The process of breaking down
soil aggregate into primary particles results in the release of
CO, into the atmosphere, aiding the greenhouse effect.

Forest roads are often subject to intense runoff and
erosion and can be intensified by bushfires [12-14]. Their
impacts on ecosystems are expected to increase in time due
to changes in climate and land use [15]. It is therefore vital
to mitigate the increased hydrological and erosive re-
sponses after wildfires to maintain the sustainability of
ecosystems. Forests in the tropics are regularly subjected to
severe fire outbreaks. Majorly, fire impact causes a
meaningful effect on soil biophysiochemical properties. It
also leads to vegetation damage, exposing the soil to erosion
and land degradation [16]. These effects depend on the
density of vegetation; the severity, size, and intensity of the
fire; and the predominant soil type [4, 17]. Bushfire affects
soil hydrology by breaking down the aggregated soil
structure, decreasing moisture retention, developing water
repellency (WR), and producing an oxidized ash layer
[18, 19]. This in turn makes the soil susceptible to erosion.
Many researchers have studied the causes, effects, and
extent of fire-triggered soil erosion, ranging from labora-
tory studies to catchment studies [4], pointing to the
common fact of increased soil erosion after bushfire or
wildfire. These researchers have not been able to link the
exposure to fire and subsequent erosion to the soil type with
respect to engineering classification, and the time of ex-
posure was not also considered in their studies.

The technique used in this study is to model the con-
trolled experiment of soil heating (mimicking bushfire) and
use subsequent rainfall simulations to determine the erod-
ibility of the soil as described by Arinze et al. [20].

2. Materials and Method

2.1. Study Area. Soil samples (clay, top soil, sand, and lat-
erite) were all collected from Umudike, Abia state, Nigeria.
Umudike, the study area, is located within the tropical
rainforest belt. The climate of the area is characterized by two
main seasons: the rainy season and the dry season. The dry
season originated from the dry northeasterly air mass of the
Sahara Desert (Harmathan), while the rainy season origi-
nated from the humid maritime air mass of the Atlantic
Ocean.

The rainy season spans from mid-April to mid-No-
vember, while the dry season spans from mid-November to
mid-April. The rainy season is characterized by double
maximum rainfall peaks in July and September, with a short
dry season of about three weeks between the peaks known as
the August break.

The study area Umudike and its environment is located
within the central parts of Ikwuano-Umuahia which lies
within 5028'645N and 5034’645N and longitudes 7031'602E
and 7034'661E as shown in Figure 1.
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FIGURE 1: Geographical map of study area (source: [21]).

2.2. Burning Treatments. Each soil sample was prepared in 8
different metal containers of dimensions (50 x 25 x 5 cm) at
their bulk unit weight and natural moisture content to depict
the in situ condition. The burning test was carried out under
controlled laboratory conditions. Each of the prepared
aforementioned soil samples was subjected to heat for 0
(control), 2, 4, and 6 hours using a furnace. This was done
twice, each time to ensure a qualitative result. A maximum of
25°C was attained by using a thermocouple attached to the
container, irrespective of the heating time.

2.3. Rainfall Simulation. In this study, a portable rainfall
simulator designed and constructed by the Geo-
environmental Research Group of the Department of Civil
Engineering, Michael Okpara University of Agriculture,
Umudike, was used. The metal container used for the
burning treatment was placed under the rainfall simulator. A
rainfall simulation took place for 2 hours per sample of soil.
The soil box samples were subjected to a constant rainfall
intensity of 30 mm-h™". The rainfall simulation experiment
process was done twice for quality assurance. The runoff
sediments were collected through a tank placed under the
rainfall simulator, from which sediment concentrations were
measured. The rainfall simulation in operation is shown in
Figure 2.

2.4. Geotechnical Properties of Soil Sample. The specific
gravity, natural moisture content, atterberg limit and sieve
analysis were carried out according to ASTM D854-10 [22],
ASTM D2216-10 [23], ASTM D4318-03 [24], and ASTM
C136/C136-19 [25] specifications, respectively.

3. Result and Discussions

The basic geotechnical properties known as index tests were
carried out as shown in Table 1.

For sand, soil loss decreased from 0 to 4 hours and
increased from 4 to 6 hours. For loamy soil, the soil loss
increased slightly from 0 to 2 hours and decreased from 2 to
6 hours. For clay soil, the soil loss decreased from 0 to 2
hours and increased from 2 to 6 hours. For laterite, the soil
loss increased continuously from 0 to 6 hours of heating,
Figure 3. The laterite recorded a nearly linear relationship
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FiGure 2: Rainfall simulation test of the heat-treated soil.

TasLE 1: Index properties of soils used for the study.

Property Clay Laterite Sand Top soil (loamy)
Specific gravity 2.52 2.55 2.60 2.40
Natural moisture content (%) 10.0 8.3 2.60 2.40
Liquid limit (%) 58 49 Non-plastic 29
Plastic limits (%) 30 28 Non-plastic 20
Plasticity index (%) 28 21 Non-plastic 9
Sand content (%) 58.5 64.0 98.36 50.0
Fine particle content (%) 41.5 36.0 1.65 50.0
Unified soil classification system SC SM SW CL
between the hours of exposure to bushfire and an increase in
soil loss. In other words, as the time of exposure increases, . R = 0.7544
the soil loss also increases. gﬂﬁ\; 20 Rl
The unheated soil used as a control and soil exposed for 6 ;5 EJRE R =092
hours witnessed the most soil losses. This shows that the £ T 10 =
decrease in soil losses during 2 hours and 4 hours of heating is 7 s .. R¥=.0.9969 =09
due to the hardening of the soil minerals. However, as the :
heating continued for 6 hours, the cohesiveness began to 0 2 4 6

deteriorate, resulting in increasing soil loss. The energy of
transformation of heat and light with time causes some crystal
structures to transit from one form to another [26]. The reason
for this is that a crystal’s maximum stability is at its crystal-
lization temperature and time of exposure to heat. The
structural stability reduces as the temperature goes below the
crystallization temperature. Furthermore, because the heating
was done at the temperature at which adsorbed water is af-
fected, the heating and time of exposure impact the adsorbed
water of the soil [26], affecting the soil characteristics.
Figure 4 demonstrates that sand had the most soil loss,
while laterite had the least. Clayey, loamy, sandy, and lat-
eritic soils recorded cumulative soil losses of 32, 36.7, 53.3,
and 30.6 kg/m’/hr, respectively. In the results given above,
control was not considered because no heat was applied at
that time. Because the geotechnical (index) properties in
Table 1 reveal that the sand is not plastic, the low erodibility

Time of Bushfire simulation (hr)

—— CLAY Poly. (CLAY)

—— LOAMY Poly. (LOAMY)
SANDY Poly. (SANDY)
LATERITE Poly. (LATERITE)

FIGURE 3: Soil loss vs. heating time.

of sand could be attributable to a lack of cohesiveness. Clay’s
cohesive characteristics and organic matter’s colloidal
qualities in loamy soil provided significant resistance to soil
detachment in clay and loamy soil, respectively. Clay’s co-
hesion provides resistance to soil separation, while coarse
soil’s large unit weight provides a barrier to transportation.
Table 1 demonstrates that the lateritic soil contains a sig-
nificant amount of clay minerals and sand that has been
combined by nature. Laterite’s synergistic blend of clay and
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Ficure 4: Cumulative soil loss (minus control) in each sample.

quartz minerals resisted soil loss. The heat helped these
combined features by hardening the cementitious tendency
of clay in lateritic soil that was reinforced by coarse particles.

4. Conclusions

The erodibility of different types of soil is affected by heat
and the time of exposure to heat. When a soil sample
contains a significant amount of clay, the first heat exposure
tends to cement the soil sample, since clay minerals harden
when exposed to heat. However, after 6 hours of exposure to
burning, the cementation begins to give way, resulting in
significant soil loss.

As the temperature rises and the time of exposure in-
creases, the crystal structures of sand alter, resulting in a loss
of adsorbed water in the soil, modifying its property in such
a way that it substantially stimulates soil loss.

In the lateritic, fine and coarse soils are about equal. This
could explain why it demonstrated a one-of-a-kind property
in terms of the link between the time of exposure to heat and
soil loss, with one increasing as the other did.

Finally, it is important to note that the burning period of
6 hours is key, as this is the time when all of the soil samples
showed significant soil loss. The implication is that if a
bushfire or wildfire occurs, it should not be allowed to burn
for more than 6 hours, if possible.
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