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Abstract

Wetland soils derive their chemical composition from the sedimentary rock
underneath. Among the metals produced are trace and nutrient elements
which facilitate plant growth. Bush burning near mangrove forest is a com-
mon practice that has not been given much attention despite its negative im-
pact on the environment. We thus hypothesize that the application of fire on
wetland soil will negatively impact the soil chemistry. We collected soil sam-
ples from burnt and unburnt soilsat different distances from the point of
burning to compare the concentration of nutrient elements (Calcium (Ca?*),
iron (Fe), Magnesium (Mg), Nitrate ( NO; ), Phosphate (PO?{) and Potas-
sium (K). The result revealed that there was significant difference between
metals (P < 0.05). Iron had the highest overall concentration in burnt
(10743.75 + 1508.39 mg/kg) and unburnt (8854.02 + 1734.86 mg/kg) soils. In
contrast, there was no significant difference in the concentration of metals in

burnt and unburnt soils (P = 0.07). The order of metal concentration in the

burnt soil is Fe > Mg > PO}” > Ca** > K> NO; while the order of metal

concentration in the unburnt soil is Fe > Mg > Ca** > PO, > K > NO;.
There was also no correlation between distance and soil metal concentration
(r = -0.05; P > 0.05). The result showed that burning does not negatively im-
pact the wetland soil, rather it causes an increase in soil metal concentration
probably due to the addition of ash from the burning process, which fertilizes
the soil.
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1. Introduction

Mangrove forest is one of the most productive ecosystems in the world [1] be-
cause of the presence of large amount of biodiversity, which includes micro to
macro-organisms, as well as invertebrates and vertebrates. Mangroves play nu-
merous ecological roles such as coastal protection, stabilization, climate regula-
tion, carbon storage, water filtration and purification. Other supporting services
of mangroves are nutrient cycling, soil formation and serving as habitat and
nesting ground for fishes and birds. Mangroves are often found in swampy wet-
land environment that is rich in metals [2]. Different types of weeds inhabit the
soil and serve as primary producers in the food chain [3]. The presence of weed
around the mangrove forest makes it susceptible to bush fires especially during
the dry season. In addition, anthropogenic activities such deforestation, sand
mining, building of houses, reclamation, and oiling activities destroy the man-
grove vegetation [4] and lead to sediment build up in the mangrove forest re-
sulting in the conversion of swampy to sandy soil [5]. The sandy soil supports
the proliferation of weeds and macrophytes. The growth of weeds on the de-
graded section of the forest attracts non-mangrove species such as arthropods
(butterflies, bees, wasp and ants), rodents (bush rats), snakes and different bird
species. The bushes around the forest are deliberately set on fire which endan-
gers the entire ecosystem, this leads to an adverse effect of heat on the soil and
vegetation [6] [7]. Burning activities occur during the dry season when the leaves
of the plants are dry (October-March) and easily combustible. The burning has
environmental impact on the forest soil [8] and by extension on other organisms
in the mangrove forest [4]. The volatilized soil chemicals enter the atmosphere
under high temperature and fall back as acid rain [9], furthermore, the liquified
chemicals percolate through the ground water aquifer during rainfall to conta-
minate the ground water source and neighboring water body [10] [11]. The rag-
ing fire during burning kills the grasses and organisms that inhabit the soil. The
problem is that bush burning destroys the soil structure [12] [13] and leads to
erosion of chemicals into the swampy mangrove soil and surrounding water.
The leaching of heavy metals down the soil profile results in the loss of soil nu-
trients, which negatively impacts the soil surface organisms. The topsoil be-
comes depleted of nutrients and soil improvements organisms such as earth-
worms and insects that burrow into the soil to facilitate decomposition and aera-
tion. The heat from the bush fire also leads to the migration of mobile organisms
while immobile organisms are killed [14]. The smoke and soot from the burning
plants increase the atmospheric particulate matter, which is detrimental to
health [15]. It also contributes to the increase in atmospheric carbon dioxide
thereby increasing the global warming. Erosion transports chemical laden water
in the river thereby increasing its chemical composition and concentration. This
may be detrimental to aquatic organisms [16]. The heat from burning shrinks
the mangrove leaves and impacts their photosynthetic capability. Specifically, we

decided to determine the concentration of the following metals (Ca*', Fe, Mg,
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NO;, PO; and K) because they are useful to plant growth [17] [18].

The aim of this study is to compare the concentration of selected metals be-
tween burnt and unburnt soil in the wetland environment. Thus, the objectives
of the study are 1) to determine the concentration of each metal in the study
area, 2) to compare the concentration of soil metals in burnt and unburnt sites,
and 3) to determine the correlation between distance and soil metal concentra-

tion.

2. Materials and Methods
2.1. Description of Study Area

The study was carried out in Eagle Island (N04°47.525; E006°58.593; Figure 1),
a coastal community rich in mangrove forest, at the fringes of Port Harcourt,
which is an oil producing city, in the Niger Delta, Nigeria. The specific location
is situated behind the Rivers State University. The site was formerly used for
sand mining operations but was later abandoned and left to lie fallow. The patch
of land at this site before being used for sand mining was cleared of its mangrove
trees and made bare and having few weeds still growing. The population of the
weed aggressively increases in size and is burnt in October each year to reduce
the foliage. The burning scorches the soil and wipes out a large population of
soil-and plant-based organisms. Thus, this study was carried out to investigate

the impact of the burning on the soil chemical concentration.

4°51'0"N

4°47'30"N

4°44'0"N

6°57'30"E 710"E 7°4'30"E 7°8'0"E
Figure 1. Map of study area showing burnt and unburnt areas at Eagle Island, Niger Del-
ta, Nigeria.
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2.2. Experimental Design

Involves the delineation of the sampling site into burnt and unburnt (control)
areas. In all, ten (2 = 10 x 5 = 50) soil samples were collected at different dis-
tances from the actual burnt site. Four (n = 4) soil samples were collected from
the burnt area while six (n = 6) soil samples were collected at the unburnt area
(Figure 2).

2.3. Sample Collection

Surface soils were collected at a depth of 20 cm with a soil augur. Five composite
samples at different distances in the burnt and unburnt areas were collected as
mixed. A representative sample of about 1 kg soil was placed in a cellophane bag

and sent to the laboratory for further analysis.

2.4. Laboratory Procedure

The soil samples were air-dried for 12 days and ground to pass through a sieve
of 2 mm mesh size. The pH, soil moisture and temperature were measured with
a soil tester called AgraTronix (USA). It is a 4 in 1 tester to determine best soil
conditions. The concentrations of K, PO, , NO;, Ca*, Mg and Fe was ana-
lyzed with the Buck scientific atomic absorption spectrophotometer 205 in

mg/kg of soil.

2.5. AAS Analysis of Soil Sample

The procedure of soil analysis involves the placement of 2.0 g of soil in a beaker
with the addition of 10 ml of HNO; (nitric acid). The mixture is thoroughly
stirred and heated at 120°C. The HNO; breaks down and vaporizes the soil

Distance from burnt area

Soil samples

Figure 2. Experimental design of the soil and distance of collection at Eagle
Island, Niger Delta, Nigeria.
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organic components leaving only the inorganic components. Distilled water (10
ml) is then added to rinse the beaker to recover sample. The next stage is the

analysis of the sample in the atomic absorption spectrophotometric machine.

2.6. Statistical Analysis

An analysis of variance (ANOVA) was conducted since there was multiple sam-
ples ie., >2 per block (n = 50) to test whether there was any significant differ-
ence in soil metal concentration between the burnt and unburnt areas [19]. Lo-
garithmic transformation of the data was performed to meet assumptions of
normality and homoscedasticity [20]. Furthermore, Pearson’s product-moment
correlation was done to compare whether there was any significant difference
between distance of soil collection and concentration of metals. All analysis was

done in R statistical environment 4.2.2 [21].

3. Results
3.1. The General Physico-Chemistry of the Study Area

In situ testing shows that the soil is sandy and slightly acidic (~pH = 6.6 - 7.2)
(Table 1). The temperature range is 29.6°C - 33.9°C and the soil moisture is be-
low 1.0 because of the dryness. The soil color ranges from brown, dark brown to
black. The burnt area is dark brown to black because of the charcoal while the
unburnt area is brown in color. The distance of sample collection ranges from

30 - 150 m from the point of burning.

3.2. Comparison between Concentration of Metals

The ANOVA result indicates that there is a significant difference (Fs 54 = 62.07, P <
0.001, Table 2) between the metals analyzed. In the burnt region Fe concentra-
tion is the highest (10743.75 + 1508.39 mg/kg) followed by Mg (650.18 + 145.74
mg/kg) and PO, (284.75 + 42.73 mg/kg). Nitrate has the least overall concen-
tration (85.06 * 22.63 mg/kg). The order of metal concentration in the burnt soil
is Fe > Mg > PO, > Ca?* > K > NOj. Similarly, in the unburnt area Fe has
the highest concentration (8854.02 + 1734.86 mg/kg) followed by Mg (497.12 +
116.22 mg/kg) and Ca (234.22 + 86.02 mg/kg). Nitrate has the least concentra-
tion (60.93 + 10.35 mg/kg). The order of metal concentration in the unburnt soil
is Fe > Mg > Ca>* > PO, >K> NOj.

Table 1. General soil physico-chemistry of study area at Eagle Island, Niger Delta, Nigeria (+SE).

Pore water Temperature Mean
Study Site Coordinates o P Soil moisture TOC (%) ]
salinity (ppt) Q) Distance
NO04°47.525;
Burnt A 6.6 +0.1 1.34 £ 0.01 33.9+£0.2 0.01 £0.001 1.11 £ 0.01 90.00 + 21.21

E006°58.593
N04°47.317;

Unburnt . 7.2+0.2 1.16 £ 0.01 29.6 £ 0.1 0.01 £ 0.002 1.02 £ 0.01
E006°58.593
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Table 2. Mean concentration of metals in burnt and unburnt soils at Eagle Island, Niger Delta, Nigeria (+SE).

Soil type
Ca2+

Metals (mg/kg)
Fe Mg NO; PO} K

Burnt 241.69 + 55.96
Unburnt 234.22 + 86.02

10743.75 + 1508.39 650.18 + 145.74  85.06 +£22.63  284.75+42.73 171.54 £27.40
8854.02 + 1734.86 497.12 £116.22  60.93 +10.35 193.38 £ 50.49 135.95 £ 14.80
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Figure 3. Metal concentration in burnt and unburnt soil at Eagle Island, Niger Delta, Ni-
geria (+SE).
3.3. Comparison of Metal Concentration between

Burnt and Unburnt Soil

The ANOVA result reveal that there is no significant difference in the concen-
tration of metal between burnt and unburnt soil (P53 = 0.13, P = 0.72, Figure
3).

3.4. Correlation between Soil Metal Concentration and Distance

There was little or no correlation between soil metal concentration and distance
(t=-0.36542, df =58, p-value = 0.7161; cor = —0.04792637, Figure 4). However,
the negative correlation sign means that there is a tendency for the metal con-

centration to reduce with increasing distance away from the burnt area.

4. Discussion

4.1. Comparison between Metal Concentration

The physico-chemistry of mangrove and wetland soils is significant towards the
stability of soil living organisms [22] and plays key role in the soil-plant trophic
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Figure 4. Correlation of soil metal concentration (mg/kg) versus distance
(m) at Eagle Island, Niger Delta, Nigeria.

pathway. Thus, the degradation of soil chemical composition through the appli-
cation of fire can impact revealed that the concentration of iron was the highest
because of the sedimentary makeup of the base rock of the coastal environment
as shown by previous studies in that location [3] [23]. Iron exudes from the base
soil to the topsoil after every ebb tide, which mostly occur because of an earlier
sand filling activity that brought sandy soil from sea bottom onto the land sur-
face in the study area [24]. Magnesium too was the next dominant metal in the
study sites and had originated from silicates in the base rock. Magnesium is a
decomposition product that comes from weathering. Magnesium is taken up by
plants in the form of Mg?* ion. Phosphorus is also a micronutrient that is ab-
sorbed by the plant root through [25] [26]. It is found in small quantity, and,
mainly available in the form of orthophosphates which also originates from pri-
mary and secondary minerals available in the soil. Nitrates have the least con-
centration and are the primary source of nitrogen used for plant growth. Pre-
vious study had also reported low nitrate concentration in the same site [24].
The sandy soil in the study area has low organic composition, which has caused
the overall nitrate concentration to be low compared to the swampy mangrove
soil that is rich in litter. Metal-laden soil influences the growth of mangrove by
acting as trace elements that provide nutrients for the growth and development
of the leaves, stems and roots of mangroves. They metals are products of litter
decomposition and enrich mangrove soils to facilitate tree growth.

4.2. Comparison of Metal Concentration between
Burnt and Unburnt Soils

There were no significant differences in the concentration of metals between

DOI: 10.4236/ajps.2023.142015

197 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2023.142015

A. O. Numbere, C. J. Obanye

burnt and unburnt soil. This situation is probably caused by the dissolution and
distribution of metals by rainfall [27] between the surface and sub-surface soil
three months after the burning of the grasses in October. Another reason is be-
cause of the harmattan wind, which causes dryness across the site. The wind
energy carries and deposits sediment-laden air across the site, including the
burnt and unburnt areas. However, despite the non-significance of the statistical
test (P> 0.05), the concentration of all metals in burnt soil was higher than the
concentration of metals in unburnt soil (Table 1, Figure 3). This study reveals
that burning of the bush increases soil metal concentration rather than depleting
it. This might be attributed to the addition of burnt plant ash to soil, which
creates a plant-soil pathway for the enrichment of soil chemicals. Agriculturally,
bush burning is used to supplement soil fertility [28]. Therefore, the black char-
coal and ash from the burnt plants increases the organic content of the soil [29],
which had elevated the nitrate concentration in the burnt soil [30] compared to
the unburnt soil. The result shows that controlled bush burning can be used to
enrich soil nutrients. The negative implication of burning is the destruction of
soil-based organisms such as earth worms and crickets that burrow into the soil
to increase aeration and soil fertility. The metals investigated are relevant for
plant growth and development. The grasses are often burnt during the dry sea-
son when the vegetation is dry and can easily be incinerated. Furthermore, plant
ash deposited on the surface of the soil becomes liquified and percolate into the
sub-soil and move down the soil profile during the raining season. Movement of
nutrient chemicals in the sandy soil can help transport metals to the neighboring
mangrove swamp [31]. However, the effect of this metal migration into the
mangrove forest is not determined in the study. The burning also destroys dis-
ease-causing organism that inhabit the burnt areas of the wetland. The elimina-
tion of these organisms will prevent them from migrating to the mangrove forest
to cause disease and stress to the trees. Moreover, there are other current risk
mangroves face in the study area such as sand mining leading to deforestation,
hydrocarbon pollution from marine transportation, accumulation of plastic
waste and urban development projects [32], which all contribute to the elimina-
tion of mangroves in the coastal areas of the Niger Delta.

Bush burning has side effect on volatile organic elements that disappear from
the soil through vaporization. The burn areas also are deprived of soil-based or-
ganisms (e.g., earthworm and insects) that die under the heat of the fire. Despite
the negative effect of bush burning it can also have a positive role on the man-
grove by eliminating disease causing organisms that hibernate in the bushes and

later migrate to infect the mangroves.

4.3. Correlation between Distance and Metal Concentration

The correlation result shows that the metal concentration was higher nearer the
burnt site compared to the site far away from the point of burning, which signi-

fies that burning increases the metal concentration of the soil [33]. The time of
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burning and sample collection is spaced apart by three months, which might

have influenced the outcome of the soil physico-chemistry.

5. Conclusion

There are few studies on bush burning near mangrove forest in the Niger Delta.
This study thus, reveals that burning has a positive impact chemically, but may
nevertheless, have adverse effects on the soil structure and profile. We thus, rec-
ommend regulated and controlled burning of weed around mangrove forest as a
means of preventing disease-causing organisms from migrating to the mangrove
forest. Another finding of this study is the chemical enrichment of the soil, which
in the long run may have a positive impact on the overall well-being of the man-
grove forest. Future studies will consider temporal variation of the soil physico-
chemistry by collecting samples during the time of burning and some months

away from the time of burning.
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