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Abstract 

Bush fires, considered to be a major ecological disturbance in savannah ecosystems, are also rife in large parts of Burkina 
Faso. The objectives of this research were to understand nutrient dynamics by early and repeated fires. The study was 
conducted on a factorial set-up installed on two (02) sites, namely the Dindéresso classified forest located in the west 
(where the first fires started in 2010) and the Tiogo classified forest located in the centre-west of the country (since 
1992, for the first fires). Measurements were taken before and after the fire and ashes were also evaluated. The results 
showed that the epigeous biomass was approximately the same on both sites (around 4 t.ha-1). With regard to biomass 
dynamics and ash levels, analysis of the results showed that the control plots had the highest herbaceous biomass levels 
(320 and 350 m.g-2), while ash levels were much higher at the Tiogo site (65.3 g.m-2) than at Dindéresso (12.19 g.m-2). 
Assessment of the nutrient pool showed that before the fire, the carbon present in the biomass was high at both sites 
(168±19 g m-2 at the Dindéresso site and 178±0.6 g m-2 at the Tiogo site). After the fire, nutrient losses at the different 
sites were observed for C (82% at Dindéresso compared with only 45% at Tiogo), N (91% at Dindéresso compared with 
only 69% at Tiogo) and P (79% at Dindéresso compared with only 63% at Tiogo). In general, nutrient losses are higher 
in Dindéresso than in Tiogo, with an estimated difference of more than 45% for C, 24% for N and 20% for P. 
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1. Introduction

The savannahs cover 20% of the earth's surface and represent important ecosystems and a unique habitat for many 
human and animal populations[1]. The main characteristic of savannahs is that they are composed of herbs and trees 
in varying proportions. They are highly dynamic environments. The structure and dynamics of these ecosystems, of 
inestimable importance for the human economy, are essentially regulated by the availability of water and nutrients, on 
the one hand, and by the occurrence of important disturbances, such as herbivores and feral animals, on the other. 
Savanna species, often referred to as shrub species, are generally produced at the landscape level. The biomass 
produced during the growing season is decomposed and transformed into fuel for fires. In wooded savannahs, around 
25% to 50% of the land burns each year, mainly as a result of human activity[2]. The local population generally uses the 
wood for the production and renewal of pastures, as well as for their daily needs (firewood, medicinal plants, other 
products and services). These activities also have an impact on the environment. Recent studies in the Guinean savannah 
in Côte d'Ivoire have shown that perennial grass species differ in their sensitivity to fire treatments [3]. Late fires always 
cause a decline in the population of these species, whereas the absence of fire is unfavourable to grasses and even leads 
to the disappearance of certain species such as Loudetia simplex [3]. In addition to their destructive effect on vegetation, 
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fires have repercussions on the soil, particularly on surface horizons, modifying their physical, chemical and biological 
properties [4-6]. Burnt vegetation returns to the soil surface in the form of ash, providing the soil with fine elements 
and nutrients [7, 8]. This addition of ash also raises the soil's pH value, thereby stimulating microbial activity and, at the 
same time, the mineralisation of nitrogen [9]. However, in an ecosystem that is also subject to climatic constraints, the 
fate of ash on the soil remains problematic, as it is often quickly blown away by the wind or washed away by rainwater 
[7]. The loss of soil cover not only increases soil erosion, but also alters the physical characteristics of the soil and causes 
nutrients to be lost through leaching or drainage [10, 11]. Fire is also known to have a negative impact on infiltrability 
[12]. All these disturbances inhibit the chances of regrowth and also slow down the activity of the soil fauna that plays 
a vital role in the processes of decomposition, nutrient recycling and modification of soil structure [13]. Similarly, the 
significant loss of organic matter directly and indirectly affects soil microorganisms [14, 15]. In the West African 
savannah, much research on bushfires has focused on vegetation dynamics [16-18], fire behaviour [19, 20] and soil 
fauna [21]. Recent work has also studied the impact of fire on greenhouse gas emissions [22] and on physico-chemical 
parameters [23, 24]. Little work has been done on the impact of fire on nutrient dynamics and soil microbiology. A study 
of these latter aspects will make it possible to supplement the work already underway in this field, and to formulate, at 
a later date and in a comprehensive manner, fairly substantial conclusions for a more participatory and environmentally 
friendly development and management system. This explains the choice of the theme “Impacts of early and repeated 
fires on nutrients in the wooded savannahs of Burkina Faso”. The overall aim of this study was to evaluate the dynamic 
of nutrient of Sudanian savannahs subjected to the action of early and repeated fires in Burkina Faso. Specifically, the 
aim was to: (1) Assessing the richness of the ash and (2) quantify the nutrient pools and losses on burnt plots. 

2. Material and methods  

2.1. Site description and soil characteristics 

The long-term burning experiments were conducted at two Sudanian savanna woodland sites in western Burkina Faso. 
The first experimental site was located in the Dinderesso state forest (11. 225°N, 4.447°W; 359m above seas level, asl) 
(Figure 1). The geological parent material of castic sediments is composed of schists, sandstones and dolomite [25] and 
formed during the Neoproterozoic era. The second site was located in the Tiogo State Forest (12.223°N, 2.706°W; 257m 
asl). The soils at both sites are >75 cm deep, have relatively high silt fractions, slightly acidic pH, high base saturation 
and both are classified as lixisols (FAO classification system)[22]. The soil at the Tiogo site was slightly more fertile than 
the Dinderesso site, as evident from the higher effective cation exchange capacity, total nitrogen and organic carbon 
stocks in the topsoil (5 cm). Both sites have a unimodal precipitation, with a prolonged dry season from November till 
April which is followed by a short yet intense rainy season. The mean annual precipitation at the Tiogo site is 
862±125mm (2006-2015) and at the Dinderesso site is 1010±145 mm (2009-2011). The Tiogo experimental site 
started in 1992, while the Dinderesso experiment was established in 2010. For our study, we selected three plots where 
fire had been permanently excluded, hereafter called fire-exclusion plots (24 years and 6 years of fire-exclusion in Tiogo 
and Dinderesso, respectively), and four plots that had been burnt annually, hereafter called “fire plots”. At the Tiogo 
site, the plots were 50 x 50 m with a 20-30 m firebreak; at the Dinderesso site, the plots were 80 x 30mwith a 5-10 m 
firebreak. The prescribed burning was conducted early in the dry season, in accordance with the local practices. A fire 
was set, which can be characterized as low intensity given the low amount of fuel load and a team of workers monitoring 
the fire to ensure it remained contained. Once burning, the fire was left undisturbed, which meant that unburnt patches 
were incidentally left within the plot.  
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Figure 1 Location of the Dindéresso and Tiogo classified forests [24] 

2.1.1. Carbon and nitrogen losses through burning 

Total above-ground C and N losses from volatilization through burning were quantified by comparing the C and N stocks 
in leaf litter before and after burning as well as from ash deposits. Within each of the four fire plots we established 10 
paired sampling locations. From one of the paired sampling locations, we collected the biomass before burning (using a 
0.25 m2 sampling frame), and from the other pair, we collected the left-over unburnt biomass and ash after burning. Ash 
was collected using a small brush, carefully excluding any soil particles. Plant biomass as well as the ash was oven dried 
at 40°C and weighed. A sub-sample was taken for C and N analysis and measured using a CN analyzer (Elementar Vario 
EL; Elementar Analysis Systems GmbH, Hanau, Germany). Volatization losses of C and N from biomass burning are the 
differences in C and N stocks before and after burning. In addition to nitrogen and carbon, total phosphorus was 
measured using the Bray 1 method [26]. Exchangeable bases (Ca2+, Mg2+, K+, Al+, Fe2+, Mn+, P, Na+, S) were determined 
by atomic absorption [27]. 

2.1.2. Ash richness index 

The nutrients (C, N, P, K, Ca, Mg, Mn, Na, S) contained in the ash and the soil were analysed and evaluated. The ash 
specific richness index was calculated as the ratio between the quantity of nutrients contained in the ash and that 
contained in the soil on the horizon (0-2cm). The ash specific richness index gives an indication of the likely gain in each 
nutrient for the system. 

2.2. Statistical analysis 

The statistical treatment of all the data in this study was carried out using analysis of variance (ANOVA) and the 
generalised linear regression model with the aid of the SPSS 19.0 for Windows software (IBM Corporation, USA).  

3. Results  

3.1. Biomass and ash quantities 

These results showed that the total quantity of material likely to be consumed is roughly equal (4 t.ha-1) at both sites 
(Table 1). However, analysis of the composition of the fuel shows that it consists mainly of grass (2.8 t.ha-1) at 
Dindéresso and less of fallen broadleaves (0.7 t.ha-1). At Tiogo, the fuel was composed mainly of 2.7 t.ha-1 of leaves, 
compared with only 1.2 t.ha-1 of grass. The results also showed that after the fire, the total percentage consumed was 
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higher (80%) in Dindéresso than in Tiogo (60%). Statistical tests showed significant differences (p<0.001) in fuel 
composition between the two sites. 

Table 1 Pre burning fuel loads and fuel consumption  

Fuel category Dinderesso Tiogo 

Grass (t. ha-1) 2,8±0,4a 1,2±0,3b 

Leaves and others (t.ha-1) 0,7±0,1b 2,7±0,3a 

Total fuel loading (t.ha-1) 4±0,4a 4±0,2a 

Total consumption (%)       80 60 

3.1.1. Nutrient pool and losses  

The results show that before the fire, the nutrients contained in the biomass are very rich in C (168±19 g.m-2 for the 
Dindéresso site and 178±0.6 g.m-2 for the Tiogo site) (Table 2). The other most important nutrients contained in this 
biomass before the fire was as follows: N, K, Ca, Mg, S and P. In terms of the nutrients contained in the biomass before 
the fire, the levels remained more or less the same at the two sites. In terms of losses after the fire, the results showed 
that the greatest losses were in C (82% in Dindéresso compared with only 45% in Tiogo), N (91% in Dindéresso 
compared with only 69% in Tiogo) and P (79% in Dindéresso compared with only 63% in Tiogo). Comparing the two 
sites, the greatest losses in all elements combined (C, N, P, K, Ca, Mg, Mn, Na) were at Dindéresso, suggesting that 
combustion was much more complete at this site than at Tiogo. 

Table 2 Quantification of nutrient pools and losses 

 Dinderesso Tiogo 

 
Nutrient pool  before fire  
(g m-2) 

Losses (%) 
Nutrient pool  before fire  
(g m-2) 

Losses (%) 

C 168±19 82±5 178±0.6 45±5 

N 2.4±0.3 91±3 3.1±0.1 69±13 

P 0.2 ± 0.0 79±5 0.3 ± 0.0 63±5 

K 5 ± 1 73±4 4 ± 0.7 27±8 

Ca 2 ± 0.2 62±8 1.9 ± 0.3 17±5 

Mg 1 ± 0.1 63±7 0.8 ± 0.1 29±6 

Mn 0.1± 0.0 58±8 0.1 ± 0.0 16±6 

Na 0.0 ± 0.0 65±5 0.0 ± 0.0 31±9 

S 0.2± 0.0 85±3 0.2 ± 0.0 54±7 

3.1.2. Ash nutrient index 

The results indicate that the nutrients that remain in significant proportions in the soil after the fire are P, K, Na, Al and 
especially Fe (Table 3). Nutrients such as C, N, Ca, Mg and Mn are present in minute quantities in the soil after the fire. 

Table 3 Ash nutrient richness index (C: Carbon; N: Nitrogen; P: Phosphorus; K: Potassium; Ca: Calcium; Mg: Magnesium; 
Mn: Manganese; Na: Sodium; Al: Aluminium; Fe: Iron 

 Dinderesso Tiogo 

C 0.005 0.001 

N 0.001 0.003 

P 3,25 2,87 
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K 5.7 2.82 

Ca 0.1 0.04 

Mg 0.1 0.05 

Mn 0.2 0.17 

Na 0.2 0.28 

Al 3.2 17.06 

Fe 158.10 469.60 

 

4. Discussion 

The results of the study showed that the total quantity of material likely to be consumed (fuel) is roughly equal (4t.ha-

1) in the two sites (Tiogo and Dindéresso). Previous studies had found herbaceous biomasses of around 2.5 to 4 t.ha-1 in 
Andropogon gayanus and Andropogon ascinodis/Loudetia togoensis fallows [19]. However, it should also be noted that 
the herbaceous biomass recorded in the two sites compared with the values of work in the fallows at Bondoukuy 
(Burkina Faso) in previous years remains low [28]. Production in these fallows varied between 3.69 and 9.61 t/h/yr 
and maximum phytomass was between 2.79 and 7.02 t/ha [28]. In the wet savannahs of Lamto in Côte d'Ivoire, grass 
production is only weakly correlated with rainfall, but reaches 10 to 20 t/ha per year [29]. These low biomass levels, 
compared with previous research results, could be attributed to various human and animal removals [16, 28], as well 
as to climatic variations, which greatly reduce annual production. These various removals amount to 10-50% of the 
maximum epigeous phytomass, i.e. 4-40% of potential epigeous production [30]. Analysis of the composition of the fuel 
(biomass removed) shows that it is made up of grass at Dindéresso and less of tree leaves. In Tiogo, on the other hand, 
there are more leaves than grass. This may explain the high percentage of total fuel consumed (80%) in Dindéresso 
compared with only 60% in Tiogo. The grass cover is more continuous and dense than the leaves, which burn more 
easily than the leaves, which generally have a discontinuous cover. This could also explain why, despite an epigeous 
biomass composed essentially of leaves rather than grass at Tiogo, this site has a much higher quantity of ash (65.3 g.m-

2) compared with only 12.2 g.m-2 at Dindéresso. Consequently, biomass composition is a very important indicator of fire 
continuity and severity [8]. In addition, the type and quantity of fuel in savannahs play an important role in determining 
fire type and intensity [16]. Fires can also have effects on soil and nutrient dynamics. 

Fire leaves ash on the ground, the colour of which varies according to the intensity of combustion [31]. The presence of 
ash is one of the main characteristics of burnt areas. It is the organic and inorganic residue that remains after the 
combustion of organic matter. In our study, the results showed that the nutrients contained in the biomass before the 
fire were very rich in C, but also in N, K, Ca, Mg, S and P. However, the greatest losses were in C, N and P. As a result, fires 
cause much greater loss of carbon, nitrogen and phosphorus in the combustion of epigenetic biomass. These results are 
supported by those of the ash specific richness index, which indicate that ash is much richer in P, K, Na, Al and Fe but 
poor in C, N, Ca, Mn and Mg. Previous studies have shown that nitrogen levels tend to decrease in areas subjected to fire. 
[32] in their study found a 50% loss of P, K, Ca, Mg and up to 99% loss of C and N in burnt sites. However, magnesium 
(Mg), calcium (Ca) and manganese (Mn) are relatively less sensitive than nitrogen due to the high temperature 
thresholds of 1107°C, 1484°C and 1962°C respectively [10]. Phosphorus (P) and potassium (K) are partially affected by 
high-intensity fires [88]. 

5. Conclusion  

The current research was undertaken to evaluate the dynamics of nutrients with the practice of repeated fires. The 
results showed high losses of carbon and nitrogen. Ash deposits on the soil contain elements such as potassium, calcium 
and magnesium. However, given the climatic context of these areas (Tiogo, Dindéresso), which are subject to harmattan 
winds and torrential rains that degrade and wash away a great deal during their passage, this ash deposit remains 
unstable and variable on the burnt plots, resulting in huge losses of the potential contribution that the fires could make 
to the soil by burning the epigeous vegetation. 
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