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ABSTRACT 
 

Plant biomass plays an important role in the sustainability of agropastoral systems. In Burkina Faso, climatic diversity 

suggests high variability in plant production across zones. This research compares herbaceous and woody biomass 

yields across the country’s three climatic zones using data collected from 2017 to 2019 by the Ministry of Agriculture, 

Animal and Fishery Resources. The methodology is based on non-parametric statistical tests (Kruskal-Wallis and Dunn) 

and spatial analysis (Kriging). The results show that the climatic zone significantly influences woody biomass 

production across all three zones. For herbaceous biomass, no significant difference is observed between the Sahelian 

and sudano-sahelian zones (p=0.112), while the sudanian zone stands clearly apart from the other two. The spatial 

representation reveals a northward-to-southward increasing productivity gradient, more pronounced woody biomass 

than for herbaceous biomass. These findings highlight the vulnerability of the Sahelian and sudano-sahelian zones to 

climate variability and provide a quantitative basis for guiding the management of pastoral resources in Burkina Faso. 
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INTRODUCTION 

Plant biomass is a major source of renewable 

natural materials (Rinaudo, 2008). Rinaudo, 

(2008), estimates in his work that by 2050, half of 

the raw materials for the chemical industry in the 

United States will come from plants. Furthermore, 

plants play a key role in the environment by 

absorbing CO2 and producing oxygen necessary for 

life (Knauer et al., 2023). According to Zhao et al., 

2019, they also contribute to climate regulation 

and air purification. At the same time, they 

contribute to reducing greenhouse gases worldwide 

(Ndehedehe and Ferreira, 2019). In Africa, savannas 

occupy 65% of the territory and are composed of 

herbaceous carpets associated with scattered trees 

and shrubs (Huntley et al., 1982 in Grouzis and Akpo, 

2006). In the Sahelian zones, vegetation is mainly 

composed of annual herbaceous plants with some 

perennial species such as grasses, shrubs and trees 

(Hiernaux and Le Houérou, 2006b). This vegetation 

is essential for human and animal nutrition, and to 

maintain the balance of ecosystems (Morton, 2007; 

Thornton et al., 2009). In Sub-Saharan Africa, 

herbaceous plants are the main source of food for 

livestock, especially during the rainy season when 

annual grasses dominate animal feed (Assouma et al., 

2018). Wood provides timber, fodder and 

environmental services such as carbon storage and 

soil protection (Brandt et al., 2015). 

 

Located in the heart of the West African rainfall 

gradient, Burkina Faso presents a mosaic of natural 

environments characterized by great climatic, soil 

and floristic heterogeneity. Its territory is shared 

by two major phytogeographical domains (Fontès 

and Guinko, 1995).  

 

However, these vegetation areas are subject to 

increasing anthropogenic and climatic pressures that 

compromise their sustainability (Dimobe et al., 2017). 

The available research shows a strong regression of 

wooded formations. Between 2001 and 2013, the area 

of wooded savannas decreased by 22.30%, while 

cultivated areas gained nearly 167.87% of additional 

surface area (Dimobe et al., 2017). 

Despite the recognized importance of plant biomass, 

studies conducted in Burkina Faso remain 

fragmented, generally limited to a single plant 

component or a restricted portion of the territory 

(Akoudjin et al., 2016; Sanou et al., 2023). The 

simultaneous comparison of herbaceous and woody 

biomass at the scale of the three climatic zones of the 

country remains therefore little explored in the 

available scientific literature. It is to address this lack 

that this research was conducted. Its general objective 

is to compare biomass yields in the three climatic 

zones of Burkina Faso. Specifically, it involves: i) 

comparing herbaceous and woody biomass in the 

three climatic zones and ii) analyzing the spatial 

distribution of biomass in the same zones. 

 

MATERIALS AND METHODES 

Study area 

Burkina Faso is a landlocked Sahelian country in the 

heart of West Africa (Fig. 1a). It covers an area of 

274,200 km² and is framed between the 9th and 15th 

degrees of north latitude, and between 2°20' East and 

50°3' West longitude. Its climate is a tropical one, 

characterized by two contrasting seasons: a dry 

season (about seven months) and a rainy season 

(about five months, shorter in the northern part of the 

country). Rainfall varies considerably from northeast 

(350 mm) to southwest (1200 mm) (Kabore et al., 

2017). The country is subdivided into three climatic 

zones: the Sahelian zone, the Sudano-Sahelian zone 

and the Sudanese zone (Fig. 1b). From a 

phytogeographical point of view, Burkina Faso 

belongs to the Sudano-Zambezian region (Fontès and 

Guinko, 1995), divided into domains (Sahelian and 

Sudanian), each subdivided into two sectors (Fig. 1c). 

 

Data source and sampling 

The plant biomass data used in this study come from 

national system for evaluating pastures, supervised by 

the National Scientific Committee to support the 

Ministry of Pastoral Resources Monitoring and 

Evaluation (COSSERP) Agriculture, Animal 

Resources, and Fisheries (MARAH). This committee 

is responsible for validate the methodology used and 

ensure the quality of the data collected in the field. 
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These data concern herbaceous biomass and woody 

biomass. The measurements were evaluated at the 

end of the rainy season (October–November) on plots 

of 1 m². This period corresponds to the peak 

availability of biomass. The collection method 

combines visual estimation and weighting cut-off. 

Yields are estimated in g/m². The collection period 

covers three consecutive years from 2017 to 2019. The 

sample includes 159 observation sites distributed 

between the three climatic zones. 

 

 

Fig. 1. Location of the study area 

 

Statistical analysis 

The verification of the application conditions of 

statistical tests was based on the Shapiro–Wilk 

normality test (threshold α = 0.05), selected for its good 

power properties among the available normality tests 

(Oztuna, 2006; Ghasemi and Zahediasl, 2012), and on 

the Bartlett test for homogeneity of variances (α = 0.05 

threshold). In case of non-compliance with the 

normality condition, the non-parametric Kruskal–Wallis 

test was applied to compare biomass production 

between climatic zones (threshold α = 0.05). This test 

evaluates whether the samples come from the same 

population, without presupposing a normal distribution 

of data, ensuring robust comparison despite deviations 

from parametric statistical assumptions in datasets. 

When the Kruskal–Wallis test is significant, multiple 

pairwise comparisons are made using the Dunn’s test, 

with Bonferroni correction to control for error risk 

(corrected threshold α/3 = 0.0167). This test 

specifically identifies pairs of zones that differ 

significantly in terms of biomass production. 

 

Spatial analysis 

Kriging was used for the spatial distribution of 

herbaceous and woody biomass. This geostatistical 

method is recognized for its robustness in estimating 

environmental variables from unevenly distributed 

point data and is the most frequently used (Gratton, 

2002), as it is a better estimator and minimizes bias 

(De Lozzo, 2017). 
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RESULTS  

Comparison of herbaceous biomass between 

climatic zones  

The Shapiro-Wilk normality test applied to 

herbaceous biomass reveals that the distributions of 

the Sudanian and Sudano-Sahelian zones do not 

follow a normal distribution (p < 0.05), which 

justifies the use of the non-parametric Kruskal-Walis 

test (Table 1). 

 

The Kruskal-Wallis test confirms a significant 

influence of the climatic zone on herbaceous biomass 

production (p=0.004) (see Table 2). This means that 

the climate affects the production of herbaceous 

biomass, which differs according to the climatic zone.   

Multiple pairwise comparisons according to the Dunn 

procedure reveal two distinct homogeneous groups 

(see Table 3). The Sahelian zone and the Sudano-

Sahelian zone belong to the same group (group A), 

while the Sudanian zone forms group B.  

 

The difference in herbaceous biomass production is 

presented in Table 4. A highly significant difference is 

observed between the Sudanian and Sahelian zones (p 

= 0.001) and between the Sudanian and Sahelian 

zones (p =0.015). No significant difference was 

observed between the Sahelian and Sahelian zones (p 

=0.112). This lack of difference could be explained by 

the similarity of climatic and soil conditions between 

these two areas. 

 

Table 1. Shapiro-Wilk normality test of the three climatic zones of Burkina Faso 

Climatic zones Statistic W p-value Threshold (α) Normality 
Sahelian zone 0.959 0.330 0.05 Oui 
Sudanian zone 0.875 0.001 0.05 Non 
Sudano-sahelian zone 0.961 0.006 0.05 Non 

 

Table 2. Kruskal-Wallis test results 

Parameters Value 
K (observed value) 11.196 
K (critical value) 5.991 
DDL 2 
p-value (unilateral) 0.004 
Alpha 0.05 

 

Table 3. Multiple pairwise comparisons following Dunn's procedure 

Zone Sample size Sum of ranks Mean rank Groups 
Sahelian 28 17345 61.46 A  
Sudano-sahelian 94 73030 77.91 A  
Sudanian 37 36825 99.27  B 

 

Table 4. Significance test of herbaceous biomass by climatic zone 

Zones Sahelian Sudanian Sudano-sahelian 
Sahelian 1 0.001 0.112 
Sudanian 0.001 1 0.015 
Sudano-sahelian 0.112 0.015 1 

Bonferroni-corrected significance level: 0.0167 

 

Table 5. Shapiro-Wilk normality test 

Climatic zones Statistic W p-value Threshold(α) Normality 
Sahelian zone 0.932 0.071 0.05 Oui 
Sudanian zone 0.938 0.040 0.05 Non 
Sudano-sahelian zone 0.941 0.000 0.05 Non 

 

The distribution of herbaceous biomass values (Fig. 

2) illustrates these trends. The Sahelian zone and the 

Sahelian Sudano zone record more similar values, 

while the Soudanian zone has the highest values 

(maximum 199.5 g/m² and a minimum of 102.5 

g/m²) with little dispersion.  This low dispersion 
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shows a good regularity of the herbaceous biomass in 

this area. The Sahelian zone has values between 65.2 

g/m² and 157.5 g/m², while the Sudano-Sahelian 

transition zone has values between 45.5 g/m² and 

195.5 g/m² with a median of 1254 g/m². 

 

 

Fig. 2. Dispersion of herbaceous biomass in the three 

climatic zones of Burkina Faso 

Bh: Herbaceous biomass 

 

Comparison of woody biomass between 

climatic zones  

The analysis of normality by the Shapiro-Wilk test 

indicates a normal distribution only for the Sahelian 

zone (p=0.071 > 0.05). The Sudanian (p=0.040) and 

Sudano-Sahelian (p < 0.001) zones show non-normal 

distributions. The rationale for using the Kruskal-

Walis test (Table 5). The Kruskal-Walis test reveals a 

highly significant influence of the climatic zone on the 

production of woody biomass (K=31.343; p < 0.0001; 

ddl=2) (Table 6). Multiple pairwise comparisons 

according to the Dunn procedure identify three 

distinct homogeneous groups (Table 7). Group A for 

the Sahelian zone; Group B for the Sudano-Sahelian 

zone and Group C for the Sudanian zone. 

 

Differences between all zone pairs are statistically 

significant (Table 8). The differences between the 

Sahelian zone and the Sudanian zone (p > 0.0001) 

and between the Sahelian zone and the Sahelian zone 

(p < 0.0001) are very highly significant. A significant 

difference is also observed between the Sudanian and 

Sahelian zones (p=0.005), although less marked. 

 

The statistical distribution of woody biomass values 

(Fig. 3) confirms this gradient. The Sudanian zone 

has the highest values (88.6-194 g/m²) with low 

dispersion. This means that the area has stable and 

favorable rainfall conditions. The Sahelian zone 

shows significantly lower values (20.5-178.3 g/m²) 

with a high variability that could be explained by the 

instability of climatic conditions. Between these two 

zones exists the Sudano-Sahelian one, which is a 

transition zone. In this area, the dispersion is more 

moderate with values ranging from 43.7 g/m² to 179 

g/m². The results confirm the existence of a north-

south increasing wood productivity gradient 

determined by the national climate gradient. 

 

Table 6. Kruskal-Wallis test / Two-sided test (Biomass) 

Parameters Value 
K (observed value) 31.343 
K (critical value) 5.991 
DDL 2 
p-value (unilateral) <0.0001 
Alpha 0.05 
 

Table 7. Multiple pairwise comparisons following Dunn's procedure 

Zone Sample size Sum of ranks Mean rank Groups 
Sahélienne 28 11730 41.93 A   
Soudano-sahélienne 94 76120 80.79  B  
Soudanienne 37 39350 106.51   C 
 

Table 8. Significance test (p-value) 

Zones Sahelian Sudanian Sudano-sahelian 
Sahelian 1 <0,0001 <0.0001 
Sudanian <0.0001 1 0.005 
Sudano-sahelian <0.0001 0.005 1 

Bonferroni-corrected significance level: 0.0167 
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Fig. 3. Dispersion of woody biomass in the three 

climatic zones of Burkina Faso 

bW: Woody biomass 

 

Spatial distribution of herbaceous biomass 

The spatial distribution map of herbaceous biomass (Fig. 

4) shows values ranging from 56 to 128 g/m² over the 

period 2017-2019. The Sahelian zone has the lowest 

values (56-81 g/m²), as do the regions of Kadiogo, Oubri 

and part of the Yadga. High-production areas (102-128 

g/m²) occupy the Guiriko, a large portion of Bankui, 

Nazinon and Gulmu, and a small part of the Djôro.  

 

 

Fig. 4. Spatial distribution of herbaceous biomass in 

Burkina Faso 

 

Overall, the distribution follows an increasing 

gradient from north to south, consistent with the 

national rainfall gradient. This spatial gradient, 

although clearly visible on the map, contrasts with the 

lack of significant difference observed between the 

Sahelian and Sudano-Sahelian areas during statistical 

comparisons (p=0.112). This means that the spatial 

structure of the data allows us to differentiate areas 

beyond what point distributions reveal. 

 

Spatial distribution of woody biomass 

The spatial distribution of woody biomass (Fig. 5) 

follows a pattern broadly similar to that of herbaceous 

biomass, but with a more pronounced north-south 

gradient. The Sahelian zone has very low wood 

production values. As we move south, wood 

production increases significantly. The Sudanian zone 

shows high yields throughout the country (124-156 

g/m²). In the Sahelian Sudano zone, the regions of 

Nando, Kadiogo, Nazinon and Bankui also show high 

yields while the part is present with average yields 86-

123 g/m²). 

 

 

Fig. 5. Spatial distribution of woody biomass 

production in Burkina Faso 

 

DISCUSSION 

Plant production in Burkina Faso exhibits significant 

variability from north to south. This variation is 

directly related to climatic zones, delineated by 

isohyets of annual rainfall ranging from 600 mm to 

900 mm (Johnson et al., 2023). In the north, within 

the Sahelian zone, annual rainfall is less than 400 

mm, and the rainy season is very short, lasting 

approximately three months. In the south, within the 

Sudanian zone, annual rainfall exceeds 900 mm, with 

a longer rainy season. This rainfall gradient results in 

increased vegetation cover and production from north 

to south (Somé et al., 2023). These findings are 

consistent with the increasing gradient of plant 

productivity from north to south in the Sahel 

https://www.innspub.net/


J. Biodiv. & Environ. Sci. Vol. 28, Issue: 4, p. 129-138, 2026 

 

135 Zorom and Somé Journal of Biodiversity and Environmental Sciences | JBES 
Website: https://www.innspub.net 

 

observed by Anchang et al. (2019). The correlation 

between rainfall and vegetation production is well 

established in the literature. In arid Sahelian 

environments, Herrmann et al. (2005) consider 

rainfall to be the primary constraint on vegetation 

growth. The rainfall-biomass relationship is 

confirmed in the work of De Leeuw et Nyambaka 

(1988) in East Africa, which demonstrates that with 

300 mm of rainfall, the predicted biomass could 

reach 1200 to 2000 kg DM ha⁻¹, while with 500 mm 

of rainfall, the predicted biomass varies between 2100 

and 3900 kg DM ha⁻¹. The work of Akoudjin et al. 

(2016) shows that the average production of 

herbaceous biomass reaches 321 g/m² in the 

Sudanian zone compared to only 95 g/m² in the 

Sahelian zone. This difference is explained by the 

progressive reduction of rainfall from south to north 

and the decrease in perennial species in favor of 

short-cycle annual species (Somé et al., 2023). The 

effect of rainfall on vegetation typology becomes 

particularly discriminating below the 600 mm 

isohyet, which, according to Akoudjin et al. (2016), 

marks the biological separation between the savanna 

and Sahelian steppe zones. 

 

Contrary to the lack of biomass difference observed in 

this research between the Sahelian and Sudanian-

Sahelian zones, Akoudjin et al. (2016) demonstrate 

that there is a difference in herbaceous biomass 

production between these two climatic zones. This 

divergence between the two studies warrants careful 

methodological analysis. Indeed, the Kruskal-Wallis 

and Dunn statistical tests compare point value 

distributions independently of their geographic 

location. These tests provide information on 

differences in average production levels between 

zones. However, the herbaceous biomass distribution 

map reveals a pronounced north-south gradient. 

Kriging interpolation explicitly incorporates the 

spatial autocorrelation structure of the data, which 

allows for the capture of a continuous gradient even 

when point distributions are statistically similar. 

Thus, statistical equivalence between two zones does 

not preclude the existence of a spatial organization 

visible in geostatistical interpolation. These two 

approaches are complementary. Statistical tests 

characterize production levels by area, while spatial 

analysis reveals how these productions are organized 

geographically. According to Brandt et al. (2019), the 

production of the herbaceous layer, composed mainly 

of annual plants, is closely linked to the seasonal 

distribution of rainfall. These same authors cite 

Zhang et al. (2018), who emphasize that in the Sahel, 

prolonged dry spells of more than 14 days during the 

growing season significantly reduce herbaceous 

production. The availability of forage resources, 

particularly herbaceous plants, is strongly affected by 

climate variations, which cause a qualitative and 

quantitative decline in forage and a degradation of 

pastures (Djohy et al., 2022). Any decrease in rainfall 

leads to a direct reduction in the productivity of 

natural pastures (Djohy et al., 2022). This is also 

observed in the Sahel, where seasonal changes affect 

herbaceous biomass (Delon et al., 2015). (Brandt et 

al., 2019), find with the monitoring of biomass in the 

Sahel over 30 years a contrasting dynamic between 

woody and herbaceous biomass, with woody biomass 

growing much faster than herbaceous biomass. 

 

Contrary to herbaceous biomass, whose response to 

the climatic gradient is attenuated between the 

Sahelian and Sudanian-Sahelian zones, woody 

biomass exhibits a more pronounced sensitivity to 

north-south variations. In the Sahelian zone, low 

production is explained by insufficient rainfall and 

high interannual variability (Zorom et al., 2022). The 

low production in the north is also explained by 

sparse stands, dominated by a few species well 

adapted to arid conditions, such as Acacia senegal, 

Balanites aegyptiaca, and Ziziphus mauritiana (Sanou 

et al., 2023). The harvesting of firewood and 

overgrazing exacerbate the degradation of Sahelian 

woody plants (Vincke, 1994). In the Sudanian zone, 

rainfall exceeding 900 mm per year (Coulibaly et al., 

2023) and soils rich in organic matter promote 

abundant and homogeneous woody production 

(Bationo et al., 2007). This difference is explained by 

the fact that the increase in rainfall observed since the 

1980s benefits tree cover more than herbaceous 

vegetation (Anchang et al., 2019). 
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Beyond rainfall, which is the dominant explanatory 

factor for the observed production gradient, other 

climatic factors also play a role. Faurie et al. (2011) 

estimate that vegetation development depends on 

potential evapotranspiration (ETP) and relative 

humidity (RH).  

 

Hiernaux and Le Houérou (2006) also explain that 

the availability of herbaceous plants is conditioned by 

parameters such as rainfall, solar radiation, 

temperature, and humidity. In addition to these 

climatic factors, other factors also influence 

vegetation dynamics. These include, for example, 

protected forests, orchards, sacred sites, and 

watercourses (Diallo et al., 2020). Furthermore, Cissé 

et al. (2015) also demonstrate that soil type and plant 

floristic composition are factors that influence 

vegetation dynamics. Poor soils and high human 

pressure can also contribute to low herbaceous 

biomass production. The high productivity observed 

in the Sudanian zone is explained by favorable 

conditions, notably rainfall often exceeding 1000 

mm/year and deep soils rich in organic matter 

(Bationo et al., 2007). 

 

CONCLUSION 

This study compares the production of herbaceous 

and woody biomass in the three climatic zones in 

Burkina Faso, based on data covering the period 2017 

to 2019. The results highlight a productivity gradient 

increasing from north to south, whose intensity 

differs according to the plant stratum considered. For 

the woody biomass, three distinct homogeneous 

groups are identified. For the herbaceous biomass, 

only the Sudanian zone differs from the other two, 

while no significant difference is observed between 

the Sahelian and Sudano-Sahelian zones. This reveals 

that the seasonal distribution of rainfall is more 

important than the annual total. However, spatial 

mapping shows that this statistical equivalence does 

not preclude a progressive spatial organization from 

north to south. 

 

In the future, this study will be combined with 

climatic parameters to determine, in addition to 

rainfall, what other parameters determine each type 

of plant biomass in the different zones. 
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