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Background: Vegetation burning, a common agricultural practice, has both positive and negative effects on soil fertility. Soil quality, which is critical 

for ecosystems, shapes biodiversity and productivity, while increased temperatures from vegetation burning can alter conditions for seed germination 

by reducing nutrient availability. Objectives: The study aims to assess the impacts of vegetation burning on soil fertility in Fwangnin, Bokkos, 
Nigeria, through experimental investigation of the effects of burning on both the chemical and physical properties of soil. The results are expected 

to contribute to the development of adaptive fire management strategies in land use, and the  results will also help monitor soil changes in order to 

maintain long-term soil fertility. Methods: Using purposive sampling, four 500-gram soil samples were taken from 0 – 15 cm depth in burned and 
unburned areas. The samples were analysed for pH, electrical conductivity (EC), organic carbon (OC), organic matter (OM), nitrogen (N), 

phosphorus (P), and cation exchange capacity (CEC). Traditional well-proven methods were used for the analysis. Results: It was found that the 

pH of the burnt soil samples ranged from 6.10 to 5.90, while that of the unburnt samples ranged from 5.73 to 5.81; a significant increase in pH 
occurs at higher combustion temperatures, which increases the alkalinity of the soil due to the alkaline properties of ash. The electrical conductivity 

value for the samples in the burnt areas was significantly higher (0.08 mS/cm and 0.10 mS/cm) compared to the healthy soil (0 .07 mS/cm and 

0.09 mS/cm), which can be explained by the release of mineral ions due to the combustion of organic matter . The study found a decrease in organic 
carbon content in the burnt soil, a significant deficiency of nitrogen and a decrease in the cation exchange capacity, which contributes to the 

depletion of the fertile layer and a decrease in the ability of the soil to retain essential nutrients. Increased levels of organic phosphorus were also 

found in burnt soils, which contributes to improved crop growth and increased yields in the short term. Conclusion: The current study has filled 
the gap in deep understanding of the impact of vegetation burning on the fertile properties of agricultural soils. Namely, it has been experimentally 

established and confirmed by the results of similar studies and statistical analysis that while vegetation burning remains a common agricultural 

practice in Fwangnin, the long-term implications for soil fertility, structure, and ecosystem health are significant. The soil degradation observed in 
this study suggests that continued reliance on burning as a land-clearing method may undermine agricultural productivity and environmental 

integrity over time. 
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INTRODUCTION 

African savannas, comprising over half of the world’s terrestrial 

ecosystems, are increasingly altered by human activities like fire 

usage in agricultural practices, which affects ecosystem 

dynamics such as nitrogen cycling and soil composition 

(Lehmann et al., 2011; Bond et al., 2016; Colin et al., 2018). Fire 

influences soil by modifying its chemical and physical 

properties, impacting plant nutrient absorption through 

processes like dust deposition, precipitation, and nitrogen 

fixation (Ferrán et al., 2005; FOA, 2018). Bush fires date back 

to early human evolution and have long been used to clear land 

for agriculture, a practice still common in developing regions 

(Ambe et al., 2015; Chungu et al., 2020). While fire can boost 

soil fertility by increasing cation levels and reducing weeds, it 

also poses risks like vegetation loss and soil erosion, especially 

in savanna regions where ecological damage is severe 

(Edwin, 2008; Kowaljow et al., 2019).  

Despite these drawbacks, fire helps maintain ecosystems by 

promoting new plant growth, essential for grazing in areas 

such as South Africa and Namibia (Mwale et al., 2008). Soil 

quality, critical to ecosystems, shapes biodiversity and 

productivity, while increased temperatures from vegetation 

burning can alter seed germination and nutrient availability 

(Jon & Jackie, 2015; Hille & den Ouden, 2005). Soil endures 

significant impacts during the initial stages of a fire, serving as 

both a structural base and essential nutrient source for plants 

(Valderrama et al., 2018). Fire rapidly consumes surface 

organic matter (OM), altering soil composition and often 

increasing nutrient concentrations (Gonzalez-Perez et al., 2004; 

Pereira et al., 2018). Changes in OM affect soil properties like 

electrical conductivity, pH, water retention, and carbon levels 

(Fonseca et al., 2017).  

Certain compounds produced have high ion absorption capacity, 

which influences soil fertility (Ketterings & Bigham, 2000). 

In Israel, burned soils show reductions in sand, OM, clay, and 

cation exchange capacity compared to unburned soils 

(Assaf et al., 2014). OM is crucial for soil stability and nutrient 

retention, contributing significantly to cation exchange capacity 

and acting as a chelating agent (Pereira et al., 2012). Soil 

recovery after fire is affected by multiple factors, including fire 

intensity, vegetation resilience, ash properties, topography, and 

post-fire weather (Pereira et al., 2018). 

Fire alters soil characteristics, impacting water movement and 

increasing erosion susceptibility. Loss of root systems combined 

with water-resistant soil surfaces facilitates erosion, with 

erosion rates closely linked to rainfall and ground cover levels, 

and influenced over time by fire regimes The low bulk density 

and high porosity of forest floors enhance water conductivity 

compared to underlying soil (Edwin, 2008). Ash accumulation 

after fires often raises soil pH, especially in neutral soils, due 

to alkaline carbonates in the ash (Zitta et al., 2022; 

Kemmitt et al., 2006). Fire also converts organic nitrogen in 

soil into mobile nitrates, which plants more readily absorb, 

promoting rapid post-fire growth. However, these nitrates are 

easily leached, leading to long-term nitrogen deficiency. Regular 
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vegetation burning also reduces soil micro-nutrients and raises 

soil pH (Pereira et al., 2012; Gonzalez-Perez et al., 2004).  

Despite the advantages of vegetation burning, it has 

contributed significantly to the degradation of terrestrial 

ecosystems worldwide, including in Nigeria. In Nigeria, 

vegetation burning is a common practice from the start of the 

planting season until the middle of the dry season. It remains a 

widely used method in agriculture and environmental 

management, helping to clear land for new planting annually. 

However, the trend towards widespread burning (wildfires) 

has become a major cause of nutrient depletion in many areas. 

Jamala et al. (2012) observed that nearly half of all bush fires 

in Nigeria are intentionally set, resulting in significant 

environmental and financial damage each year. This issue is 

doubly harmful: while the heat is intense, it also depletes 

essential soil nutrients, including fertilizer elements, by 

heating up the soil. 

In Fwangnin, Bokkos, fire has become the most accessible 

means to clear more land for agriculture each year. To develop 

effective strategies for arable farming and soil conservation in 

Bokkos District, Plateau State, it is essential to study the 

effects of fire on soil fertility and crop productivity. 

Accordingly, current study aims to assess the impacts of 

vegetation burning on soil fertility in Fwangnin, Bokkos, 

Nigeria, through experimental investigation the effects of 

burning on both the chemical and physical properties of soil. 

The results are expected to contribute to the development of 

adaptive fire management strategies in land use, and the results 

will also help monitor soil changes in order to maintain long-

term soil fertility. 

MATERIALS AND METHODS 

Research region 

The investigation area is located in Fwangnin, a settlement 

within the Bokkos district of Plateau State, central Nigeria, 

positioned in the Middle Belt region of the country. Bokkos is 

renowned for its picturesque landscapes, fertile land, and 

primarily agrarian economy. The district features a moderate 

climate and diverse vegetation that supports agriculture, which 

provides the residents of the area with the opportunity to exist 

in these territories (Figure 1). 

 

Figure 1. The geographical location of Plateau State and 

study areas 

The study area is situated at an elevation of 1,324 m above sea 

level and has a population of 171,672 (National Population 

Commission, 2006). Due to its high altitude, the maximum 

temperature averages around 20 °C, while the mean minimum 

temperature is about 18 °C.  

The region experiences two distinct seasons: the wet season, 

which lasts from April to October, and the dry season during the 

Harmattan period, characterized by dry, dusty winds from the 

Sahara Desert, occurring from November to March. The weather 

is generally cool, particularly from July to August and from 

November to February. Relative humidity varies with 

temperature; as temperatures rise, the amount of water vapor in 

the atmosphere increases. Fwangnin receives approximately 

5 to 6 months of rainfall, with an average annual precipitation 

of 1,458 mm (Wuyep et al., 2022b).  

The area falls within the northern Guinea Savanna belt, marked 

by open woodlands and grasses that have suffered significant 

degradation due to human activities. Remnants of the original 

vegetation are mainly found in rugged escarpments, hills, and 

mountainous areas, where land has been cleared for farming 

or mining (Dung-Gwom et al., 2009). According to the specified 

work, the soils in the area are ferruginous, characterized by clay 

texture and forming over biotype granite or gneiss in the sub-

surface horizon. The soil has moderate water-holding capacity, 

is intensely leached, and contains low organic matter. Despite 

being clayey, the soil has limited fertility, which can support 

crop production. Agriculture is the primary economic activity, 

with a variety of crops such as Irish potatoes, tomatoes, onions, 

carrots, cabbage, and maize grown in commercial quantities and 

sold within and beyond Nigeria. The geology of the area is part 

of the Precambrian to mid-Cambrian and Jurassic Northern 

Nigerian crystalline shield (Dung-Gwom et al., 2009). 

Soil sampling and laboratory analysis 

Purposive sampling was employed to select four 500-gram soil 

samples contained in polythene bags from specific locations: 

Lat. 9°16.2’’ Long. 8°56’20.2’’, Lat. 9°17’37.6’’ Long. 

8°58’45.6’’, Lat. 9°16’20.5’’ Long. 8°58’39.4’’, and Lat. 

9°16’30.4’’ Long. 9°00’16.0’’. Two samples each were 

collected from burnt and unburnt areas, with a depth range 

of 0 – 15 cm. The analysis focused on several on several of the 

most important soil properties responsible for fertility, namely 

pH, Electrical Conductivity (EC), Organic Carbon (OC), 

Organic Matter (OM), Nitrogen (N), Phosphorus (P), Potassium 

(K), and Cation Exchange Capacity (CEC). The collected soil 

samples were air-dried in the laboratory, then ground using a 

wooden pestle and mortar, and sieved through a 2-mm sieve to 

assess their overall properties. 

To determine the particle size of the samples, the Buoyocuos 

hydrometer method, as described by Gerenfes (2022), was 

utilized, and soil texture was derived from the particle size 

distribution using Marshall’s textural triangle. The moisture 

content was measured using the gravimetric method. Soil pH 

was assessed using a glass electrode pH meter in a 1 : 2 soil-

water suspension and in 0.01M CaCl2. The same suspension was 

used to measure pH and electrical conductivity. An EC meter 

was used to measure electrical conductivity. Organic matter was 

calculated by multiplying the organic carbon content by 1.724. 

Organic carbon was oxidized with sulfuric acid (H2SO4) and 

potassium dichromate (K2Cr2O7), followed by titration with 

0.5N ferrous sulphate using a diphenylamine indicator. Total 

nitrogen content was quantified using the Kjeldahl wet oxidation 

method, while available phosphorus was determined through a 

bicarbonate extraction method. 

The exchangeable cation content was extracted with 1N neutral 

ammonium acetate (NH4OAc), and CEC was assessed using the 
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neutral normal ammonium acetate displacement method. 

A T-test analysis was conducted to evaluate the effects of burnt 

and unburnt soil samples on their physical and chemical 

properties. 

RESULTS AND DISCUSSIONS 

Physio-chemical characteristics of burned and unburned 

soils  

Soil sampled for degree of acidity and basicity 

Soil pH was assessed on a scale from 1 to 14, where values 

below 7 indicate acidity, a value of 7 signifies neutrality, and 

values above 7 represent alkalinity. The burned soil samples 

exhibited an index pH ranging from 6.10 to 5.90, while the 

unburned samples had a pH between 5.73 and 5.81. The 

observed increase in pH among burned samples is linked to the 

accumulation of ash, with the degree of this impact influenced 

by both the quantity of ash present and the soil's buffering 

capacity. In burned areas, pH levels ranged from moderately 

acidic to neutral, while unburned areas remained extremely to 

moderately acidic (Figure 2). The rise in pH after burning may 

be attributed to the formation of oxides and carbonates. Studies 

indicate that soil pH is elevated in burned areas compared to 

unburned ones, with substantial pH increases occurring at 

higher combustion temperatures, which enhance soil alkalinity 

due to the alkaline properties of ash (Figure 2). This moderate 

pH level can benefit crop yields, as many plants grow best in 

slightly acidic to neutral conditions (Zhao et al., 2016). 

However, if pH levels rise too much, the risk of nutrient 

imbalances or toxicities may negatively impact crop 

productivity.  

Soil electrical conductivity 

The Electrical Conductivity (EC) value in the water-extracted 

solution from burned areas is notably higher, ranging from 

0.08 to 0.10 mS/cm, compared to 0.07 to 0.09 mS/cm in 

unburned areas. As shown in Table 1, this increase may be due 

to the release of mineral ions resulting from the combustion of 

organic matter, which raises EC levels. This finding aligns with 

previous studies (Certini, 2005; Mehdi et al., 2012; 

Terefe et al., 2008), which observed that burning organic matter 

on the forest floor releases basic cations, leading to higher soil 

reactivity and increased electrical conductivity. This increase in 

electrical conductivity can enhance nutrient availability, 

potentially benefiting crop growth in the short term. However, 

excessively high EC levels may lead to salt accumulation, which 

can hinder plant water absorption and ultimately reduce crop 

productivity.  

 

Figure 2. pH of the studied soil samples  

Soil organic carbon 

The analysis shows that the unburned area has an organic 

carbon range of 1.26 – 1.66%, while the burned area shows a 

reduced range of 0.68 – 0.95% (Figure 3), indicating a decline 

in soil organic carbon. This reduction reflects a thinning of the 

soil's organic layer, especially following high-severity or 

frequent fires, which reduce the depth of the organic stratum 

(Neill et al., 2007; Wuyep et al., 2022). These findings align 

with Mehdi et al. (2012), who observed decreased organic 

matter after high-severity fires in the oak forests of the Zagros 

region.  

 

Figure 3. Soil organic carbon 

Typically, moderate-severity fires may temporarily increase 

soil carbon content (González-Pérez et al., 2004). Reduced 

organic carbon in burned soils impacts agriculture by weakening 

soil structure, decreasing microbial activity, and limiting nutrient 

availability, all of which are essential for healthy crop growth 

(Six et al., 2002). This depletion can lead to lower yields and 

may require increased use of fertilizers to maintain productivity, 

adding to costs for farmers. For ecosystems, reduced organic 

carbon undermines soil resilience, potentially slowing 

vegetation recovery and diminishing habitat quality for soil 

organisms, which play a role in nutrient cycling and supporting 

plant diversity. This loss of organic carbon, therefore, affects 

both immediate agricultural productivity and long-term 

ecosystem stability. 

Nitrogen in soil  

The results in Table 1 show that nitrogen levels vary between 

burned and unburned areas, with burned areas having higher 

mean values 0.67 – 0.88 cmol/kg compared to unburned areas 

0.09 – 0.10 cmol/kg. This increase in nitrogen in burned areas 

is likely due to the fixation of nitrates from decomposing and 

burned plant residues. Studies have shown that plant litter, 

especially when decomposed or burned, releases more nitrate 

nitrogen into the soil (Bárcenas-Moreno, 2011). Fire-induced 

volatilization of nutrients, particularly nitrogen, is 

temperature-dependent, with nitrogen starting to volatilize 

around 200°C and converting to ammonium and then nitrate, 

which may leach from the nutrient pool if not retained. 

Contrasting studies have shown varying effects of burning on 

nitrogen levels, suggesting factors like rainfall, land use, and 

biological nitrogen fixation may also play a role (Mitro et al., 

2002; Edem & Alphonsus, 2016). This boost in available 

nitrogen, often due to the release of nutrients from burned 
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organic material, can lead to improved crop yields in the short 

term. However, for ecosystems, elevated nitrogen levels may 

disrupt natural plant communities by favouring nitrogen-

loving species over others, potentially reducing biodiversity 

(Suding et al., 2013). Additionally, nitrogen may leach into 

nearby water sources, leading to nutrient pollution that can 

impact aquatic ecosystems (Carpenter et al., 1998).  

Soil phosphorus  

Available phosphorus (P) in the soil at a depth of 0 – 15 cm 

ranges from 7 to 8 ppm in unburned areas, while burned areas 

exhibit higher values of 12 to 16 ppm (Figure 4). The increase 

in P, as shown in Figure 4, is attributed to the transformation 

of organic phosphorus into mineral orthophosphate and the 

accumulation of ash from burned plant materials. These results 

align with previous studies (Tabi et al. 2013), indicating that 

recently burned soils generally contain higher levels of 

absorbable phosphorus compared to unburned soils 

(DeBano et al., 2005). Banj et al. (2010) confirmed similar 

observations, noting that areas affected by high-severity fires 

have more phosphorus. Kutiel & Inbar (2007) added that the 

initial spike in phosphorus after a fire is due to the burning 

of organic phosphorus, but this increase may decline over 

time as the soil's organic content and microbial community 

recover. This elevated phosphorus, resulting from the 

transformation of organic phosphorus into mineral 

orthophosphate and the accumulation of ash from burned 

plant materials, can lead to improved crop growth and higher 

yields in the short term (Pereira et al., 2018). However, in the 

ecosystem context, the influx of phosphorus may disrupt  

natural nutrient cycling, potentially favouring certain plant 

species over others and reducing biodiversity. Over time, 

excessive phosphorus can lead to nutrient runoff into water 

bodies, contributing to eutrophication and negatively affecting 

aquatic ecosystems (Carpenter et al., 1998). Therefore, while 

increased phosphorus can initially benefit agriculture, careful 

management is essential to mitigate its impact on ecosystem 

(DeBano et al., 2005). 

Soil cation exchange capacity  

According to the findings presented in Table 1, the cation 

exchange capacity (CEC) of the burned soil was significantly 

lower, ranging from 2.92 to 2.76 сmol/kg, compared to the 

unburned soil, which ranged from 3.87 to 3.48 сmol/kg. The 

rapid decrease in CEC observed in the burned area suggests a 

reduction in organic matter and the clay-sized fraction in the 

unburned soil. It is likely that the combination of intense heat 

and the combustion of organic matter in the burned soil led to 

the formation of calcite (Inbar et al., 2014). This decrease in 

CEC indicates a reduction in the soil's ability to retain essential 

nutrients, which can hinder crop growth and lead to lower 

agricultural yields. The loss of organic matter and clay-sized 

particles further exacerbates nutrient depletion, making the soil 

less fertile and more susceptible to erosion (Baldock et al., 

2000). In an ecological context, this reduction in cation 

exchange capacity may disrupt the balance of nutrient cycling, 

affecting plant health and biodiversity. Overall, the diminished 

nutrient retention capacity in burned soils underscores the need 

for careful soil management to sustain agricultural productivity 

and ecosystem (Inbar et al., 2014). 

 

Figure 4. Phosphorus content 

Table 1. Some indicators of burned and unburned sampled of soil 

Plot EC, mS/cm Nitrogen content, сmol/kg CEC, сmol/kg 

Unburned area (A1) 0.07 0.10 3.48 

Unburned area (A2) 0.09 0.09 3.87 

Burned area (В1) 0.08 0.67 2.92 

Burned area (В2) 0.10 0.88 2.76 

Organic Matter 

The analysis of organic matter (OM) in burned and unburned 

samples, as shown in Figure 5, indicates that unburned samples 

had OM levels ranging from 2.17 to 2.85 ppm, while burned 

samples ranged from 1.18 to 1.64 ppm. The decrease in OM in 

burned areas may be attributed to oxidation and volatilization, 

as fire consumes organic matter (Simard et al., 2021). 

Terefe et al. (2008) noted that severe fires significantly reduce 

soil organic matter and alter the physicochemical properties 

of the topsoil. Additionally, frequent or intense fires can 

decrease the thickness of the organic layer in the soil profile 

(Neill et al., 2007). Chungu et al. (2020) reported that soil organic 

matter increased in burned sites over time, from 1.5% one-year 

post-fire to 2.0% three years later, attributed to the accumulation 

of residues from felled trees. This increase was statistically 

significant compared to unburned sites.  

Other studies have also shown similar trends in organic matter 
increases following fires (Francos et al., 2018; González- 
Pérez et al., 2004). Kalbitz et al. (2000) concluded that a pH 
increase of 0.5 units could lead to a 50% rise in organic matter 
due to enhanced soil microbial activity, including earthworm 
activity, which significantly contributes to organic matter 
accumulation (Kemmitt et al., 2006). 
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Figure 5. Organic matter content 

Chemical and Physical Characteristics of the burned and 

unburned soils  

Table 2 outlines the chemical and physical characteristics of 

burned and unburned soils, focusing on clay, silt, and sand 

content. In burned areas, sand content ranges from 71.12 to 

71.12%, while unburned areas range from 69.12 to 72.12%. 

This indicates a notable increase in coarse soil texture due to 

the loss of fine particles like clay and silt, which may raise the 

risk of erosion. Obale-Ebanga et al. (2003) also observed a 

similar rise in coarse particles on the soil surface after fires in 

Cameroon. 

Soil texture significantly affects water retention, and the high 

proportion of coarse sand in burned plots diminishes their water-

holding capacity (Mehdi et al., 2012). Besides, high temperatures 

during fires can dissolve the binding cements in soil minerals, 

thereby reducing soil stability (Badia & Marti, 2003; Inbar et al., 

2014). The complete loss of the organic layer also lessens the soil's 

ability to absorb and retain water, leading to increased closure of 

soil pores due to ash and newly released clay minerals. These 

further decreases water retention and raises the risk of runoff and 

erosion (Martin & Moody, 2001). Granged et al. (2011) confirmed 

a reduction in fine particles like clay and silt as a result of erosion 

following an increase in coarse soil texture from intense fires.

Table 2. Chemical and physical characteristics of burned and unburned soils 

Plot Clay, % Silt, % Sand, % Textural class 

Unburned area (A1) 11.88 18 69.12 Sandy Loam 

Unburned area (A2) 9.88 18 72.12 Loamy 

Sand 

Burned area (В1) 12.88 16 71.12 Sandy Loam 

Burned area (В2) 12.88 16 71.21 Sandy Loam 

 

Table 2 shows that unburned clay samples range from 11.88 to 

9.88%, while burned clay samples range from 12.88 to 

12.88%, indicating a decline in soil texture and mineralogy in 

burned samples. The loss of clay can negatively affect the soil's 

colloidal properties and structure, as clay is particularly 

vulnerable to high temperatures that can permanently alter its 

crystalline structure (Ketterings & Bigham, 2000). Additionally, 

DeBano et al. (2005) noted that high temperatures during fires 

may cause clay particles to merge into larger sand-sized 

particles, resulting in decreased clay content. The Table 2 also 

shows that burned silt samples measure 16%, compared to 

18% for unburned silt samples, suggesting a reduction in silt 

levels after burning, which could negatively impact the soil's 

nutrient content due to the loss of organic matter. 

Exchangeable Bases (Ca, Mg, Na and K) 

From Figure 6, Ca, ranged between 0.98 – 1.30 cmol/kg with 

the unburned area recorded the lowest values while burned 

areas had the highest values of 1.30 – 1.35 cmol/kg. For Mg, 

it indicates that unburned area had 0.40 – 0.50 cmol/kg while 

the burned areas had 0.49 – 0.51 cmol/kg. This indicates an 

increased in the cation of the soil. Conversely, sodium (Na) 

levels have a value of 0.017 – 0.014 cmol/kg for unburned area 

while burned area has 0.018 – 0.019 cmol/kg hence, there is an 

increase in Na. From Figure 6, Ca, Mg and Na were higher in all 

the burned areas therefore, increase the amount of Ca, Mg and 

Na contain in the soil due to the alkalization effects. Also, these 

results are in agreement with other studies (Francos et al., 2018; 

Pereira et al., 2018). Similarly, it was observed that Potassium 

(K), ranged between 0.094 – 0.087 cmol/kg for unburned area 

while the burned area has 0.002 – 0.046 cmol/kg. This indicates 

a decreased in the level of K. This finding is in conformity with 

the results of Alcañiz et al. (2016), Verma et al., (2019) that the 

soil's exchangeable K content decreases quickly after a fire.  

 

Figure 6. Soil exchangeable bases: Ca, Mg, Na and K 

Paired sample T test  

The results from the T-Test analysis presented in Table 3 reveal 

a significant difference between burned and unburned soil 

samples, with a p-value of less than 0.021 and a mean square 

of -2.622 at a 95% confidence level. This statistical evidence 

underscores the profound impact of fire on the chemical and 

physical properties of the soil. As noted by Fonseca et al. (2017) 

and Thomaz & Fachin (2014), such alterations can 

fundamentally change the soil's composition, which may 

influence its fertility and overall health. The observed 

differences indicate that fire is a crucial factor affecting soil 

dynamics, necessitating further exploration of its implications 

for land management and agricultural practices. Moreover, the 

findings align with the assertions of Eggleton & Taylor (2008) 
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and Inbar et al. (2014), who emphasize that fire not only 

modifies the chemical characteristics of the soil but also alters 

its mineral content. These changes can lead to shifts in nutrient 

availability, which are essential for plant growth and 

ecosystem stability. The modification of mineral content may 

have long-lasting effects, particularly in regions where soil 

health is already compromised. Understanding these dynamics 

is vital for developing effective land management strategies that 

consider the role of fire in shaping soil properties and its broader 

implications for agriculture and ecological balance.

Table 3. Paired Sample T-Test of burned and unburned soil physical and chemical properties 

Particulars Mean Standard deviation Standard Error Correlation T statistic P - value 

Burned 9.4454 18.71005 5.00047 0.992 -2.622 0.021 

Unburned -7.7271 18.09067 4.83493    

CONCLUSION  

The current experimental study found that bush burning can 

improve soil fertility in the short term in the Fwangnin area 

of Bokkos, Nigeria, but also creates conditions for long-term 

soil degradation. Experimentally, bush burning altered the 

chemical and physical composition of the soil, resulting in 

increased soil pH, EC, nitrogen and phosphorus levels. These 

changes, although potentially beneficial for crop growth 

immediately following a fire, have significant drawbacks when 

considered in a broader context. In particular, the increase in 

alkaline compounds from ash temporarily increases pH and EC 

levels, enhancing soil reactivity and nutrient availability. 

However, this alteration disrupts the natural soil environment 

and promotes nutrient imbalances that can reduce plant 

productivity over time if left unchecked. 

A comprehensive soil study following vegetation burning 

found a substantial reduction in essential soil components such 

as organic carbon (OC), organic matter (OM), and cation 

exchange capacity (CEC). These declines are concerning 

because they indicate a loss of the soil’s structural integrity and 

nutrient-holding capacity, both of which are vital for 

sustainable crop production and soil resilience. Organic 

matter, for instance, serves as a cornerstone of soil health, 

supporting microbial activity, water retention, and nutrient 

cycling. Its reduction following fire weakens the soil's stability 

and resilience, making it more vulnerable to erosion and less 

effective at supporting diverse plant life. This erosion risk is 

further amplified by the shift towards a coarse soil texture in 

burned areas, which diminishes water-holding capacity and 

exacerbates soil loss during rain events. 

Another notable observation is the elevated nitrogen and 

phosphorus levels in burned soil samples, which can initially 

boost crop yields but also pose environmental risks. High 

nitrogen content from burned plant residues may lead to rapid 

vegetation growth; however, excess nitrogen, if not managed, 

may leach into surrounding water bodies, contributing to 

nutrient pollution and eutrophication. Likewise, the increased 

phosphorus levels, while beneficial to plants in the short term, 

may disrupt local ecosystems, favouring certain species over 

others and potentially diminishing biodiversity. Thus, while 

vegetation burning may offer temporary agricultural benefits, 

these are outweighed by the adverse environmental impacts and 

the eventual decline in soil productivity and ecosystem stability. 

In addition, the study’s statistical analysis underscores the 

significant difference in chemical and physical properties 

between burned and unburned soil samples, further validating 

the transformative effect of fire on soil composition. This 

transformation extends beyond immediate nutrient shifts, as 

repeated vegetation burning can fundamentally alter soil 

mineralogy, leading to long-lasting changes in soil function and 

quality. These findings underscore the need for effective land 

management practices that mitigate the adverse effects of fire on 

soil while optimizing its benefits for agricultural productivity. 

Sustainable practices, such as reduced or controlled burning and 

alternative land-clearing methods, could offer solutions to 

maintain soil health, promote biodiversity, and support resilient 

ecosystems in the Fwangnin area and similar regions. 

Thus, the current study has filled the gap in deep understanding 

of the impact of vegetation burning on the fertile properties of 

agricultural soils. Namely, it has been experimentally 

established and confirmed by the results of similar studies and 

statistical analysis that while vegetation burning remains a 

common agricultural practice in Fwangnin, the long-term 

implications for soil fertility, structure, and ecosystem health are 

significant. The soil degradation observed in this study suggests 

that continued reliance on burning as a land-clearing method 

may undermine agricultural productivity and environmental 

integrity over time. Moving forward, targeted education and 

sustainable management practices are essential to balance 

immediate agricultural needs with the preservation of soil 

resources for future generations. 

Author's statements 

Contributions 

All authors contributed to the study's conception and design. 
Conceptualization: S.Z.W.; Data curation: M.I.; Formal analysis: 
M.I.; Investigation: S.Z.W.; Methodology: M.I.; Project 
administration: I.T.R.; Supervision: I.T.R.; Validation: I.T.R.; 
Visualization: A.P.I.; Writing – original draft: S.Z.W.; Writing – 

review & editing: I.T.R. 

Declaration of conflicting interest  

The authors declare no competing interests. 

Financial interests 

The authors declare they have no financial interests. 

Funding 

Not applicable. 

Data availability statement 

Not applicable. 

AI Disclosure 

The authors declare that generative AI was not used to assist in 

writing this manuscript. 

Ethical approval declarations 

Not applicable. 

Additional information 

Publisher's note 

Publisher remains neutral with regard to jurisdictional claims in 

published maps and institutional affiliations. 

The initial version of the research manuscript was published as 

a preprint:   

https://www.researchsquare.com/article/rs-3737773/v1. 

https://www.teiee.net/


 
 

 

Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/) 
journal homepage: https://www.teiee.net/  48 

REFERENCES 

Alcañiz, M., Outeiro, L., Francos, M., Farguell, J., & Úbeda, X. (2016). Long-term dynamics of soil chemical properties after a prescribed fire in 

a Mediterranean forest (Montgrí Massif, Catalonia, Spain). Science of the Total Environment, 572, 1329–1335. https://doi.org/10.1016/ 

j.scitotenv.2016.01.115. 

Ambe, B. A., Eja, I. E., & Agbor, C. E. (2015). Assessment of the impacts and people's perception of bush burning on the grasslands and montane 

ecosystems of the Obanliku Hills/Plateau, Cross River state, Nigeria. Journal of Natural Sciences Research, 5(6), 12–20.  

Badia, D., & Marti, C. (2003). Plant ash and heat intensity effects on chemical and physical properties of two contrasting soils. Arid Land Resource. 

Management, 17, 23–41. https://doi.org/10.1080/15324980301595. 

Baldock, J. A., & Nelson, P. N. (20000. Soil organic matter. Handbook of Soil Science. CRC Press, Boca Raton, FL. USA p. B25-B84. Available: 

https://www.researchgate.net/profile/Paul-Nelson-25/publication/304716463_Soil_Organic_matter/links/592cca210f7e9b9979b3810f/Soil-Organic-

matter.pdf. 

Banj, D., Shafiei, A., Akbarinia, M., Jalali, G.H., & Alijanpour, A. (2010). Effect of forest fire on diameter growth of beech (Fagus orientalis 

Lipsky) and hornbeam (Carpinus betulus L.): a case study in Kheyroud forest. Iran Journal for Forest and Population Resources, 17, 464–474. 

Bárcenas-Moreno, G., Rousk, J., & Bååth, E. (2011). Fungal and bacterial recolonisation of acid and alkaline forest soils following artificial heat 

treatments. Soil Biology and Biochemistry, 43(5), 1023–1033. https://doi.org/10.1016/j.soilbio.2011.01.019. 

Bond, W. J. (2016). Ancient grasslands at risk. Science, 351(6269), 120–122. https://doi.org/10.1126/science.aad5132. 

Carpenter, S. R., Caraco, N. F., Correll, D. L., Howarth, R. W., Sharpley, A. N., & Smith, V. H. (1998). Nonpoint pollution of surface waters with 

phosphorus and nitrogen. Ecological Applications, 8(3), 559–568. https://doi.org/10.1890/1051-0761(1998)008[0559:NPOSWW]2.0.CO;2. 

Certini, G. (2005). Effects of fire on properties of forest soils: a review. Oecologia, 143, 1–10. https://doi.org/10.1007/s00442-004-1788-8. 

Chungu, D., Ng’andwe, P., Mubanga, H., & Chileshe, F. (2020). Fire alters the availability of soil nutrients and accelerates growth of Eucalyptus 

grandis in Zambia. Journal of Forestry Research, 31(5), 1637–1645. https://doi.org/10.1007/s11676-019-00977-y. 

DeBano, L. F., Neary, D. G., & Ffolliott, P. F. (2005). Soil physical properties. Wildland Fire in Ecosystems, 29–52. 

Dennis, E. I., Usoroh, A. D., & Ijah, C. J. (2013). Soil properties dynamics induced by passage of fire during agricultural burning. International 

Journal of Advance Agricultural Research, 1, 43–52.  

Dung-Gwom, J. Y., Gontul, T. K., Galadima, J. S., Gyang, J. D., & Baklit, G. (2009). A field guide manual of Plateau State. Berom Historical 

Publication. Jos, 14–20. 

Edwin, A. G. (2008). Climate change vulnerability and adaptation Assessment. Reports of the USDA Forest Service General, Ogden, 29–52. 

Eggleton, R., & Taylor, G. (2008). Impact of Fire on the Weipa Bauxite, Northern Australia. Australian Journal of Earth Science, 

55(Supplementary), S83–S86. https://doi.org/10.1080/08120090802438266. 

Ferran, A., Delitti, W., & Vallejo, V. R. (2005). Effects of fire recurrence in Quercus coccifera L. shrublands of the Valencia Region (Spain): II. 

plant and soil nutrients. Plant Ecology, 177, 71–83. https://doi.org/10.1007/s11258-005-2141-y. 

FOA  (2018). Food and Agriculture Organization of the United Nations Rome, 2018. 

Fonseca, F., de Figueiredo, T., Nogueira, C., & Queirós, A. (2017). Effect of prescribed fire on soil properties and soil erosion in a Mediterranean 

mountain area. Geoderma, 307, 172–180. https://doi.org/10.1016/j.geoderma.2017.06.018. 

Francos, M., Pereira, P., Alcañiz, M., & Úbeda, X. (2018). Post-wildfire management effects on short-term evolution of soil properties (Catalonia, 

Spain, SW-Europe). Science of the Total Environment, 633, 285–292. https://doi.org/10.1016/j.scitotenv.2018.03.195. 

Gerenfes, D., Giorgis, A., & Negasa, G. (2022). Comparison of organic matter determination methods in soil by loss on ignition and potassium 

dichromate method. International Journal of Horticulture and Food Science, 4(1), 49–53. 

González-Pérez, J. A., González-Vila, F. J., Almendros, G., & Knicker, H. (2004). The effect of fire on soil organic matter—a review. Environment 

International, 30(6), 855–870. https://doi.org/10.1016/j.envint.2004.02.003. 

Granged, A. J. P., Zavala, L. M., Jordan, A., & Barcenas-Moreno, G. (2011). Post-fire evolution of soil properties and vegetation cover in a 

Mediterranean heathland after experimental burning: a 3-year study. Geoderma, 164, 85–94. https://doi.org/10.1016/j.geoderma.2011.05.017. 

Hille, M., & den Ouden, J. (2005). Fuel load, humus consumption and humus moisture dynamics in Central European Scots pine stands. 

International Journal of Wildland Fire, 14(2), 153–159. https://doi.org/10.1071/WF04026. 

Inbar, A., Lado, M., Sternberg, M., Tenau, H., & Ben-Hur, M. (2014). Forest fire effects on soil chemical and physicochemical properties, 

infiltration, runoff, and erosion in a semiarid Mediterranean region. Geoderma, 221, 131–138. https://doi.org/10.1016/j.geoderma.2014.01.015. 

Jamala, G. Y., Boni, P. G., Abraham, P., & Teru, C. P. (2012). Evaluation of environmental and vulnerability impact of bush burning in southern 

guinea savanna of Adamawa state, Nigeria. American Journal of Experimental Agriculture, 2(3), 359–369. https://doi.org/10.9734/AJEA/2012/687. 

Kalbitz, K., Solinger, S., Park, J. H., Michalzik, B., & Matzner, E. (2000). Controls on the dynamics of dissolved organic matter in soils: a review. 

Soil Science, 165(4), 277–304.  

Kemmitt, S. J., Wright, D., Goulding, K. W., & Jones, D. L. (2006). pH regulation of carbon and nitrogen dynamics in two agricultural soils. Soil 

Biology and Biochemistry, 38(5), 898–911. https://doi.org/10.1016/j.soilbio.2005.08.006. 

Ketterings, Q. M., & Bigham, J. M. (2000). Soil color as an indicator of slash‐and‐burn fire severity and soil fertility in Sumatra, Indonesia. Soil 

Science Society of America Journal, 64(5), 1826–1833. https://doi.org/10.2136/sssaj2000.6451826x. 

Kowaljow, E., Morales, M. S., Whitworth‐Hulse, J. I., Zeballos, S. R., Giorgis, M. A., Rodríguez Catón, M., & Gurvich, D. E. (2019). A 55‐year‐

old natural experiment gives evidence of the effects of changes in fire frequency on ecosystem properties in a seasonal subtropical dry forest. Land 

Degradation & Development, 30(3), 266–277. https://doi.org/10.1002/ldr.3219  

Kutiel, P., & Inbar, M. (1993). Fire impacts on soil nutrients and soil erosion in a Mediterranean pine forest plantation. Catena, 20(1–2), 129–139. 

https://doi.org/10.1016/0341-8162(93)90033-L. 

Lehmann, C. E., Archibald, S. A., Hoffmann, W. A., & Bond, W. J. (2011). Deciphering the distribution of the savanna biome. New Phytologist, 

191(1), 197–209. https://doi.org/10.1111/j.1469-8137.2011.03689.x. 

Martin, D. A., & Moody, J. A. (2001). Comparison of soil infiltration rates in burned and unburned mountainous watersheds. Hydrological 

Processess, 15, 2893–2903. https://doi.org/10.1002/hyp.380. 

Mehdi, H., Ali, S., Ali, M., & Mostafa, A. (2012). Effects of different fire severity levels on soil chemical and physical properties in Zagros forests 

of western Iran. Available: https://open.icm.edu.pl/handle/123456789/5303. 

https://www.teiee.net/


 
 

 

Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/) 
journal homepage: https://www.teiee.net/  49 

Mitros, C., McIntyre, S., & Moscato-Goodpaster, B. (2002). Annual burning affects soil pH and total nitrogen content in the CERA oak woodlands. 

Tillers, 3, 29–32. Available: https://digital-grinnell.nyc3.cdn.digitaloceanspaces.com/ojs-static/tillers/article/view/25/25. 

Mwale, P., Khan, T., & Ndlovu, M. (2008). Effects of bush burning on ecosystem dynamics in Southern Africa. Environmental Science Journal, 

20(4), 321–334. 

National Population Commission (NPC) (2006) Abuja national population commission federal republic of Nigeria. Population Census, Figure. 

Neill, C., Patterson III, W. A., & Crary Jr, D. W. (2007). Responses of soil carbon, nitrogen and cations to the frequency and seasonality of 

prescribed burning in a Cape Cod oak-pine forest. Forest Ecology and Management, 250(3), 234–243. https://doi.org/10.1016/j.foreco.2007.05.023. 

Obale-Ebanga, F., Sevink, J., deGroot, W., & Nolte, C. (2003). Myths of slash and burn on physical degradation of savannah soils: impacts on 

Vertisols in north Cameroon. Soil Use Management, 19, 83–86. https://doi.org/10.1111/j.1475-2743.2003.tb00284.x. 

Osborne, C. P., Charles‐Dominique, T., Stevens, N., Bond, W. J., Midgley, G., & Lehmann, C. E. (2018). Human impacts in African savannas are 

mediated by plant functional traits. New Phytologist, 220(1), 10–24. https://doi.org/10.1111/nph.15236. 

Pereira, P., Cerda, A., Martin, D., Úbeda, X., Depellegrin, D., Novara, A., ... & Miesel, J. (2017). Short-term low-severity spring grassland fire 

impacts on soil extractable elements and soil ratios in Lithuania. Science of the Total Environment, 578, 469–475. https://doi.org/10.1016/ 

j.scitotenv.2016.10.210. 

Pereira, P., Francos, M., Brevik, E. C., Ubeda, X., & Bogunovic, I. (2018). Post-fire soil management. Current Opinion in Environment Science 

and Health, 5, 26–32. doi:https://doi.org/10.1016/j.coesh.2018.04.002. 

Schoonover, J. E., & Crim, J. F. (2015). An introduction to soil concepts and the role of soils in watershed management. Journal of Contemporary 

Water Research & Education, 154(1), 21–47. https://doi.org/10.1111/j.1936-704X.2015.03186.x. 

Simard, D. G., Fyles, J. W., Paré, D., & Nguyen, T. (2001). Impacts of clearcut harvesting and wildfire on soil nutrient status in the Quebec boreal 

forest. Canadian Journal of Soil Science, 81(2), 229–237. https://doi.org/10.4141/S00-028. 

Six, J., Conant, R. T., Paul, E. A., & Paustian, K. (2002). Stabilization mechanisms of soil organic matter: implications for C-saturation of soils. 

Plant and Soil, 241, 155–176. https://doi.org/10.1023/A:1016125726789. 

Suding, K., Higgs, E., Palmer, M., Callicott, J. B., Anderson, C. B., Baker, M., ... & Schwartz, K. Z. (2015). Committing to ecological restoration. 

Science, 348(6235), 638–640. https://doi.org/10.1126/science.aaa4216. 

Tabi, F. O., AD, M. Z., Boukong, A., Mvondo, R. J., & Nkoum, G. (2013). Changes in soil properties following slash and burn agriculture in the 

humid forest zone of Cameroon. African Journal of Agricultural Research, 8(18), 1990–1995. https://doi.org/10.5897/AJAR12.1713. 

Terefe, T., Mariscal-Sancho, I., Peregrina, F., & Espejo, R. (2008). Influence of heating on various properties of six Mediterranean soils. A 

laboratory study. Geoderma, 143(3–4), 273–280. https://doi.org/10.1016/j.geoderma.2007.11.018. 

Thomaz, E. L., & Fachin, P. A. (2014). Effects of heating on soil physical properties by using realistic peak temperature gradients. Geoderma, 230, 

243–249. https://doi.org/10.1016/j.geoderma.2014.04.025. 

Valderrama, L., Contreras-Reyes, J. E., & Carrasco, R. (2018). Ecological impact of forest fires and subsequent restoration in Chile. Resources, 

7(2), 26. https://doi.org/10.3390/resources7020026. 

Verma, S., Singh, D., Singh, A. K., & Jayakumar, S. (2019). Post-fire soil nutrient dynamics in a tropical dry deciduous forest of Western Ghats, 

India. Forest. Ecosystem, 6(1), 1–9. https://doi.org/10.1186/s40663-019-0168-0. 

Wuyep, S. Z., Jatau, S., & Williams, J. J. (2022). Deforestation and Management Strategies in Bokkos LGA Plateau State, Nigeria. Environmental 

Issues and National Development, 372–384. 

Zhao, J., Ren, T., Zhang, Q., Du, Z., & Wang, Y. (2016). Effects of biochar amendment on soil thermal properties in the North China Plain. Soil 

Science Society of America Journal, 80(5), 1157–1166. https://doi.org/10.2136/sssaj2016.01.0020. 

Zitta, W. S., Sarah, J., & Jack, K. K. (2022). Physio-Chemical Properties of Soil in Ganawuri, Plateau State, Nigeria. International Journal of Food 

Science and Agriculture, 6(3), 333–339. https://doi.org/10.26855/ijfsa.2022.09.014. 

 

https://www.teiee.net/

