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Abstract 
Stem density and size stratification of woody species are informative of vege-
tation conditions and its physiognomy in savannah whereas their variation 
influence woody population functioning. Current study endeavoured to eva-
luate the stand density and size variability of woody species related to above-
ground biomass in a Sudanian savannah. Total height, stem diameter at 
breast height (dbh) ≥ 5 cm were measured in 30 plots of 50 m × 20 m laid in 
respect to vegetation type as bowal, shrubland and woodland. Species diver-
sity, stem density, height and basal area were calculated and compared across 
sites and variation in stem dbh classes evaluated. Total aboveground biomass 
was estimated and thereafter linear relationships were established between 
stand density and aboveground biomass, and basal area. Results revealed 
three different sites with an overall 58 species identified through vegetation 
type including liana species (4 stems in bowal) with 18 genera and 42 families. 
Fabaceae Combretaceae, Anacardiaceae and Rubiaceae were dominant fami-
lies. Small sized trees represented 72% of total stem density considered in 
structure with significant higher basal area, while large sized trees as 28% 
were scarcely distributed. More than 70% variation in biomass was due to 
stem density and basal area with a dominance of small trees. In conclusion 
increase size in tree community indicated increase in accumulated above-
ground biomass as positive regeneration features. But, change in vegetation 
structure strongly influence negatively species ability to grow from lower to 
upper size class and later on, disrupt ecosystem functioning. Plant stem den-
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sity and stratification could be considered as indicators of aboveground bio-
mass fluctuating in regeneration monitoring. 
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Aboveground Biomass, Biodiversity Conservation, Plant Regeneration, Stem 
Structure, Vegetation Type 

 

1. Introduction 

Woody plant regeneration and conservation as well as restoration and suitable 
management of ecosystems are permanently major challenges for ecologists, re-
searchers, other plant scientists and for environmental decision makers seeking 
continuous provision of multiple ecosystem goods and services (Lorenz & Lal, 
2010; Manaye et al., 2021). The challenges are exacerbated today due to climate 
change, demographic growth, agricultural activities expansion and galloping ur-
banization that jeopardize the local biodiversity stability and resilience and ve-
getation productivity (Rakotomavo et al., 2018). In the light of challenges for the 
sake of pursuing sustainable management and suitable conservation of lands 
and biodiversity (ecosystem goods and services), a many management practic-
es as controlled livestock grazing and/or prescribed fire (early or late), pro-
tected area establishment, agroforestry systems, silvicultural thinning have been 
implemented in tropical and subtropical ecosystems (Sawadogo et al., 2005; 
Higgins et al., 2007; Lorenz & Lal, 2010; Murphy et al., 2015; Adjahossou et al., 
2017; Ganamé et al., 2019). For instance, in arid and sub-arid regions protected 
areas are promoted as reserve forests or state forests (Higgins et al., 2007) 
through marking the boundaries of some natural wooded spaces, parklands on 
smallholdings and fallows or cultivated lands in many parts of the country as na-
tional strategy. All these protected areas with or without management tools and, 
considered as favourable habitats endeavour to promote biodiversity conserva-
tion, threatened species regeneration and, degraded land rehabilitation (Sawa-
dogo et al., 2005; Lorenz & Lal, 2010; Murphy et al., 2015). At the same time 
these protected spaces are experiencing heavy anthropogenic pressure world-
wide such as the illegal harvest of woody species and forest degradation that in-
duce and maintain spatial heterogeneity as a discontinuity in vegetation layer 
(canopy cover) in place and the distributions of size-classes. Yet, to be effective 
and efficient, any strategy of biodiversity conservation must solve as possible as, 
the problems of erosion which apparently occurs at a raised rate. Otherwise, all 
the operations undertaken become useless due to misfit practices and/tools. Pre-
vious researches have reported that variability in species diversity induce impor-
tant variability in ecosystem functioning allocated to the density and spatial dis-
tribution of stem sizes (ontogenic stages), tree biomass productivity within or 
inter plant community (Hooper et al., 2005; Lorenz & Lal, 2010; Matula et al., 
2015). Biomass production at any given time and in any vegetation is considered 
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to be a key guide of plant species capability to incorporate carbon and nutrients 
to be later used (Weiber & Grulke, 1995). As such, it plays an important role in 
plant growth and establishment. By contrast, variability in plant species diversity 
may also result from the favoured establishment of some abundant individuals 
(complementarity actions or compensatory) or the impediment recruitment of 
others (antagonism) through the effects of vegetation types and land cover de-
gree (Lorenz & Lal, 2010; Traoré et al., 2015).  

While stand density and stem size distribution of woody species (conspecific) 
in a community can vary in growth rate due to unbalance disturbance intensity 
and other stress (Attua et al., 2017) and to the degree of physical injuries on 
aerial systems, the functioning of woody plant can also be influenced in terms of 
aboveground biomass production of each species during regeneration process. 
Importantly, AGB producing might be an attribute of good or weak growth per-
formance but many species in turn exhibit different physiological and/or mor-
phological responses to vegetation conditions. For instance, Coomes & Allen 
(2007) argued that small trees were less competitive in large canopy vicinity and 
grew slowly and weakly as a consequence, while larger trees were not affected by 
canopy cover. The obvious conditions include woodland, shrubland and bowal 
with different degree of canopy. Reports support that the coexistence of several 
species in abundance may significantly be complementary for area characteris-
tics (Holmgren et al., 2004; Hooper et al., 2005) whereas some species are the 
mark of particular areas (e.g. desert, rain forest, mountain…). In consequence, 
the way and rate at which plant stem is extended depend firstly on each species 
properties and, secondly on species response to the vegetation conditions in 
which it grows under interaction between different plant strata and other factors 
(biotic and abiotic) (Sawadogo et al., 2005; Coomes & Allen, 2007). Each plant 
species elaborate new tissues as gained biomass during its (re)growth for its stem 
diameter and height (Weiber & Grulke, 1995).  

Community structure and regeneration statu are frequently evaluated by the 
pattern of size classes (or horizontal distribution) measured as diameter at breast 
height (dbh) (Holl & Zahawi, 2014) as important features in ecosystem proper-
ties. Therefore, evaluating stand density and trunk size stratification relating to 
aboveground biomass can also help to understand the functioning of woody 
populations in savannah ecosystem in accordance with their physiognomy. The 
current work has been undertaken to highlight linkage between woody stand 
conditions and its functioning. It may positively contribute to understand stem 
size attributes on ecological processes and then help in designing and achieving 
future research leading to sustainable management and strategy development. 
Recent studies at relative natural savanna have focused on particular woody spe-
cies (biodiversity and biomass) with purpose to develop allometric equations 
(Mbow et al., 2014; Dayamba et al., 2016; Balima et al., 2019; Damena & Te-
shome, 2019) or quantify carbon budget and/or released included only individu-
als with dbh > or ≥10 cm (large trunks). In contrast, studies based on entire 
woody communities (combination of many populations) growing in the same 
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environmental conditions considering stem stratification as clue of plant re-
cruitment are scarce (Gebrewahid et al., 2018) in arid and sub-arid ecosys-
tems.  

This investigation generally aimed at assessing the stand density, stem size 
stratification as bio-estimators of living aboveground biomass (AGB) of woody 
plants during (re)growth process. As for the specific objectives, we explored 1) 
the species diversity of woody communities, 2) we assessed stem horizontal 
structure as the evaluation of recruitment degree of woody plant, and 3) we 
quantified AGB relating to stand density and stem diameter patterns as the 
magnitude of primary productivity. We assume that stem size be indicator of 
increase aboveground biomass as positive features of small sized tree recruit-
ment to large sized trees. 

2. Material and Methods 
2.1. Description of Study Site 

The present study was carried out in the state forest of Dindéresso. This forest is 
located in the North-West of the city of Bobo-Dioulasso, Western Burkina Faso 
at an altitude of 300 m at sea level, between 11˚11' - 11˚18'N latitude and 4˚10' - 
4˚30'W longitude (Figure 1).  

Local climate is characterized by a dry season and a rainy season alternating. 
Data recorded by local meteorology department from 1998 to 2018 showed that  
 

 
Figure 1. The geographical location of study site, Dindéresso state forest, Burkina Faso (Source: Bahiré, 2016). 
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rainy season lasts from April to October (7 months) with an average rainfall of 
1038.68 ± 174.31 mm per annum while a total rainfall of 1320 mm was recorded 
in 2018. Dry season lasts from November to March (4 months) and January and 
April are the coldest (15.89˚C) and hottest (40.42˚C) months respectively. 

Soils are rocky and are identified as Lixisols according to the FAO classifica-
tion system (Driessen et al., 2001). They are slightly deep (>85 cm) and poor 
(Nitrogen = 0.058%; phosphorus = 1.77 ppm and carbon = 0.33%) with low 
amounts of organic matter. 

Local vegetation is a humid savannah of the Sudanian regional centre of en-
demism (White, 1983). This vegetation is a mosaic patch constituted of gallery 
forest, clear bush savannah, wooded and opened savannahs, dense wooded sa-
vannah, with annual and/or perennial grasses (Fontes & Guinko, 1995). Wooded 
savannah was interrupted by shrub (or bush) savannah where species such as 
Burkea africana, Combretum sp, Detarium microcarpum, Grewia mollis, Ter-
minalia sp and Vitellaria paradoxa dominated tree stratum. Despite the fact that 
this forest is increasingly threatened because of increasing density of local resi-
dent generating a great consumption of natural resources and a need of open 
space for multiple uses it remained an appropriate environment for ecological 
investigations as the present study.  

2.2. Experimental Design and Woody Plant Sampling 

During the midst of rainy season in 2018, the study area was explored using the 
official road delimited by Forest Department and the network of trails drawn 
during illegal livestock grazing. Survey was conducted from August to December 
2018 using vegetation community characteristics and scientific criteria of Ar-
bonnier (2000). According to this author wooded land (or opened savannah) is 
characterized by separated trees and the abundant individuals of species as 
Anogeissus leiocarpus (DC.) Guill. & Perr., Combretum sp, Detarium micro-
carpum Guill. & Perr., Isoberlinia doka Craib & Stapf., Pterocarpus erinaceus 
Pair., Terminalia sp and Vitellaria paradoxa var. paradoxa Gaertn f. Shrubland is 
dominated by Acacia macrostachya Reichenb. ex DC, Combretum sp, Lannea 
sp, Gardenia sp, Maranthes polyandra (Benth.) Prance, Crossopteryx febrifuga 
(Afzel. ex G. Don) Benth, Sarcostemma viminale (L.) R.Br between 1 and 2 m 
above soil surface and annual grass layer as Loudetia togoensis (Pilg.) C. E. 
Hubb., and Pennisetum pedicellatum. Bowal also refers to a shrubland but cha-
racterized by the combination of an annual grass layer, some scattered shrub 
species on bare soil surface and crusted soils that are practically inappropriate 
productively. Abundant mushroom-shaped mounds of termite Cubitermes spp 
(humivorous) were found at 99 ha−1 (Kéita, 2019). We randomly set 3 compact 
transect lines up in area based on a preliminary identification as old-growth (or 
relic) vegetation where no plantation and conservation techniques exist. This 
part of forest was not affected by wild fire disturbance. Distance between tran-
sect lines is over 1 km. The first transect was laid out in shrubland, the second in 
woodland and the third one in bowal. A total of 10 contiguous rectangular plots 

https://doi.org/10.4236/ojf.2022.121003


S. Traoré et al. 
 

 

DOI: 10.4236/ojf.2022.121003 46 Open Journal of Forestry 
 

of 50 m × 20 m were delimited along each transect line hanging out 500 m long 
and 20 m wide covering 1 ha of area as blocks (Krebs, 1972).  

In each delimited plot, all the vascular plants of which the diameter measured 
at breast height, or 130 cm above soil surface was equal or greater than 5 cm 
(dbh ≥ 5 cm) and stem height greater than 130 cm, were systematically recorded 
per species. Liana species was recorded for complete species assessment only but 
not included in structural analysis as well as in biomass calculation because of 
the lack of wood specific-density for savanna vegetation. The samples of uniden-
tified species were collected for being later identified. Scientific nomenclature 
was later updated following IPNI (2021, July 29) & IUCN (2021, July 29). Cir-
cumference at breast height (Cbh) and, stem total height were measured for sin-
gle individuals. In case of multi-stemmed plants, the circumference and height 
of each stem satisfying the criterion of dbh ≥ 5 cm were also measured as the 
main trunks of plant from the base to the top as Pearson et al. (2005) and Matula 
et al. (2015).  

2.3. Data Handling and Statistical Analysis 

Each transect with 10 plots was considered as study block (Krebs, 1972) and the 
formula of Bray-Curtis index defined in Equation (1) (Kindt & Coe, 2005) was 
performed to assess ecological similarity or dissimilarity between vegetation 
type. This index of similarity allows assessing species diversity and abundance as 
single statistic and its value ranges from 0 (similarity for all species) to 1 (no 
species in common). This is because habitat heterogeneity may lead to an in-
creasing or scarcity in species diversity (Kadéba et al., 2014) and (Traoré et al., 
2015). 

Index of Bray-Curtis  

2
1 ij

ij
i j

C
BC

S S
= −

+
                        (1) 

where: i & j are vegetation type; Si & Sj refer to total species number counted for 
vegetation type i & j respectively; Cij is the sum of only the minor counts for each 
species found in both vegetation type.  

Species richness as the total number of plant species was determined based on 
observed and estimated species number. Estimated species richness was graphi-
cally obtained with the rarefaction curves of species-cumulative stem number 
using EstimateS 9.10 package (Colwel, 2013). Species richness was later com-
pared between vegetation types during sampling period in 2018.  

Community structure was described for each vegetation type as average stand 
density and basal area at breast height (dbh). Histogram was drawn to highlight 
the distribution of dbh classes as the function of stem density in spatial distribu-
tion (horizontal distribution). Beyond total height, the distribution of stems in 
dbh classes may be an indicator of recruitment constituents and a predicate of 
the different successional stages in seedling to saplings, and saplings to adult tree 
transition or degree of disturbance. For this purpose, we considered stems of 5 ≤ 
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dbh ≤ 10 cm as small-sized and those of dbh > 10 cm as large-sized trees (Kuma 
& Shibru, 2015). Within large stems, other groups were discriminated as 10 < 
dbh ≤ 15 cm; 15 < dbh ≤ 20 cm and, dbh > 20 cm to explore the contribution of 
each class to density distribution and biomass group. 

Prior to assessing fresh biomass, the total AGB of living plants was indirectly 
estimated. Allometric equation (Equation (2)) for non-destructive woody plant 
biomass in tropical dry forests and savannah with similar environmental condi-
tions of our sampling communities was used regarding Mbow et al. (2014); 
Chave et al. (2014) & Dayamba et al. (2016) 

( )0.97620.0673AB D H= ρ                       (2)  

with ρ = wood density (g·cm−3), D = dbh (cm) and H = height (m). 
Relationship was established between successional groups referring to stem 

dbh classes as recruited categories. The values of wood density for each species 
were obtained from the global wood density database (Chave et al., 2009, 2014; 
Zanne et al., 2009) available from the Dryad data repository (http://datadryad.org/). 
The average value wood density was calculated and used when different values of 
wood density exist for the same species taken in the same climatic conditions. In 
case specific-species wood density was unavailable, we calculated the average 
value of wood density of plant genus or family and afterwards integrated this 
value. Finally, the values of wood density, stem dbh and total height H were 
computed. AGB was firstly calculated for each stem, summed for each species 
and then pooled for each plot. The estimated total AGB of tree community was 
obtained as the sum of AGB of pooled species per plot in tons per hectare as 
AGB density (t·ha−1) and compared through the three vegetation types. Total 
AGB of living plant was considered as a measure of the ability of each species 
population to elaborate new tissues and organs for regenerating or repairing af-
ter physical injuries.  

The one-way analysis of variance (ANOVA) was performed to assess the in-
fluence of vegetation type on total stem density and basal area at breast height 
for the average values among vegetation patches. Total basal area was previously 
Log(x + 1) transformed to meet homogeneous variance. Multiple comparisons 
were then performed with Tukey’s HSD test for homogeneous subsets for aver-
ages that exhibited significant difference (p-value < 0.05). Non-parametric 
Kruskall Wallis H test (Zar, 1999) was applied to data on AGB because of 
unequal variance distribution. In addition, relationship was established using 
linear regressions for assessing any variation in AGB as a function of stem 
density and basal area at breast height for small and large stem. Statistical 
analysis were carried out at p-value < 0.05 using IBM SPSS version 20 package 
for Windows. 

3. Results 
3.1. Species Diversity and Composition of Plant Community 

The calculated value of Bray-Curtis’s index of similarity was under value 1. This 
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index value showed the low degree of dissimilarity between bowal and woodland 
(BCij = 0.19) and, between bowal and shrubland (BCij = 0.20). But between 
wood- and shrubland (BCij = 0.46) this index value tended towards 1 indicating 
that these two vegetation types were different from each other in term of species 
diversity and abundance.  

Total species richness included in total 58 species counted from overall data 
recorded for a total 1557 plant individuals considered on the 3 ha of area sur-
veyed (Table 1). Out of the total identified species 30, 35 and 45 species were 
respectively noted on bowal (or 51.72%), shrubland (or 64.74%) and woodland  
 

Table 1. Complete list of woody plant species and their densities (individuals in 10 plots of 50 m × 20 m) recorded on bowal, 
shrubland and woodland in Dindéresso forest in 2018. 

Species name Family 
Study plot location 

Bowal Shrubland Woodland 

Acacia macrostachya Reichenb. ex DC Mimosaceae 43 - 1 

Acacia polyacantha Willd. Mimosaceae - 15 2 

Afzelia africana Sm. ex Pers. Caesalpiniaceae - - 1 

Albizia lebbeck (L.) Benth. Mimosaceae - - 1 

Annona senegalensis Pers. Annonaceae 2 6 8 

Anogeissus leiocarpa Guill. & Perr. Combretaceae - - 114 

Bombax costatum Pellegr. & Vuillet Bombacaceae 4 - - 

Bridelia ferruginea Benth Euphorbiaceae - 9 - 

Burkea africana Hook. Caesalpiniaceae 3 37 7 

Cassia arereh Delile Fabaceae - - 8 

Cassia sieberiana DC. Fabaceae 44 2 1 

Celtis integrifolia Lam. Ulmaceae 2 - 3 

Combretum collinum Fresen. Combretaceae - - 4 

Combretum fragrans F. Hoffm. Combretaceae - 7 3 

Combretum glutinosum Guill. & Perr. Combretaceae 21 2 1 

Combretum lecardii Engl. & Diels Combretaceae - 8 - 

Combretum micranthum G. Don Combretaceae - 5 - 

Combretum molle R. Br ex G. Don Combretaceae - 2 2 

Combretum nigricans Lepr. ex Guill & Perr. Combretaceae 3 16 8 

Combretum paniculatum Vent. Combretaceae - 2 - 

Crossopteryx febrifuga Benth. Rubiaceae 1 6 1 

Daniellia oliveri (Rolfe) Hutch. et Dalz. Fabaceae 3 15 53 

Detarium microcarpum Guill. & Perr. Caesalpiniaceae 110 30 1 

Dichrostachys cinerea (L.) Wight & Arn. Fabaceae - - 1 

Diospyros mespiliformis Hochst. ex A. DC. Ebenaceae 4 1 9 

Entada africana Guill. & Perr. Fabaceae 22 - 9 
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Continued 

Ficus cordata Ridl. Moraceae 13 - - 

Ficus sycomorus L. Moraceae - - 1 

Gardenia aqualla Stapf & Hutch. Rubiaceae - - 1 

Guiera senegalensis Lam. Combretaceae 11 5 3 

Hexalobus monopetalus Engl. & Diels Annonaceae 2 - 2 

Hymenocardia acida Tul. Euphorbiaceae - 10 2 

Isoberlinia doka Craib & Stapf Fabaceae 15 - - 

Khaya senegalensis A. Juss. Meliaceae - 16 11 

Lannea acida A. Rich., Guill. & Perr. Anacardiaceae 7 2 9 

Lannea microcarpa Engl. & K. Krause Anacardiaceae 34 - - 

Lannea velutina A. Rich., Guill. & Perr. Anacardiaceae 4 - 1 

Maranthes polyandra (Benth.) Prance Chrysobalanaceae 3 41 4 

Opilia celtidifolia Endl. S. Walp. Opiliaceae - - 3 

Parinari curatellifolia Planch. ex Benth. Chrysobalanaceae - 3 8 

Parkia biglobosa Benth. Fabaceae 6 6 4 

Pericopsis laxiflora (Benth. ex Baker) Meeuwen Fabaceae - - 1 

Piliostigma thonningii (Schumach.) Milne-Redh. Fabaceae - 36 1 

Prosopis africana Taub. Fabaceae - 48 15 

Pteleopsis suberosa Engl. & Diels Combretaceae - 49 4 

Pterocarpus erinaceus Poir. Fabaceae 28 9 3 

Saba senegalensis (A. DC.) Pichon Apocynaceae 4 - - 

Sarcocephalus latifolius (Sm.) E.A. Bruce Rubiaceae 9 - 2 

Sclerocarya birrea Hochst. Anacardiaceae - - 12 

Strychnos innocua Delile Loganiaceae - 2 - 

Strychnos spinosa Lam. Loganiaceae 5 1 4 

Terminalia avicennioides Guill. & Perr. Combretaceae - 58 25 

Terminalia laxiflora Engl. Combretaceae - 24 28 

Terminalia macroptera Guill. & Perr. Combretaceae 22 39 19 

Terminalia mollis M. A. Lawson Combretaceae 2 17 - 

Vitellaria paradoxa var. paradoxa C. F. Gaertn. Sapotaceae 8 90 96 

Vitex simplicifolia Oliv. Lamiaceae - 1 - 

Xeroderris stuhlmannii (Taub.) Mendonça & E.P. Sousa Fabaceae 5 - - 

 
440 620 497 

 
(or 77.59%). The three vegetation patches shared with each other 17 species. Six 
species were common between bowal and woodland, 11 species between shrub-
land and woodland and only 1 species Terminalia mollis M. A. Law. was found 
on both bowal and shrubland. Eleven species were recorded on woodland solely 
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while 6 were identified on each of bowal and shrubland respectively. The level at 
which the recorded species accumulated with the number of woody plants relat-
ing to the different vegetation type was summarized and showed in Figure 2. 
Species richness increased as a function of stem number in each vegetation type. 
Rarefaction curve tended toward a flatness for shrubland and almost for wood-
land where species number became constant and while stem number is still in-
creasing (Figure 2). For instance, when samples are reduced to the value of N = 
440 stems observed in bowal, species richness with stem number in woodland 
exceeded those recorded in both bowal and shrubland (Figure 2, Table 2). Bow-
al had the lowest species richness and shrubland intermediate species richness.  

At floristic scale, the total species included 18 genera and 42 families (Table 
1). Among recorded families, 13, 13 and 14 were noted on bowal, shrubland and 
woodland respectively. Fabaceae was the dominant family with 18 species fol-
lowed by Combretaceae (15 species), Anacardiaceae (4 species) and Rubiaceae (3 
species). 

Twenty-six genera were present on bowal, 25 on shrubland and 36 genera on 
woodland. Bowal and woodland did not shelter any species of Combretaceae 
family. 

3.2. Community Structure of Woody Plants  

Stand structure was analysed by excluding liana species as Saba senegalensis (A. 
DC) Pichon (4 stems in bowal) leading to use 1553 as total stem number to fol-
low up. All stems encountered and measured in 3 ha of area constituted a total 
density of 517.67 stems·ha−1. Total stem density ranged from 436 in bowal to 620 
stems·ha−1 in shrubland as showed in Table 2. The density of small and large 
stems follows the same trend.  
 

 
Figure 2. Curves of species—plant number accumulation (with standard deviation bar) for all 
sampled trees dbh ≥ 5 cm in each vegetation type in forest in 2018.  
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Table 2. Plot-level variation in estimated species richness, average values (±standard deviation) of stem density, height, basal area 
at breast height and biomass of woody plant recorded in 2018 per vegetation type. 

 
Study plot location 

   
Variables Bowal Shrubland Woodland Total F P value 

Number of plots 10 10 10 30 
  

Rarefied stem number 440 434 447 
   

Rarefied species richness 30 33 40 
   

Density of trees (stems·ha−1) 436.00 ± 235.10 620.00 ± 175.94 497.00 ± 180.62 2.22 0.048 
 

Small trees density (stems·ha−1) 336 432 351 1119 
  

Large trees (stems·ha−1) 100 188 146 434 
  

Height (m) 4.52 ± 0.78a 5.24 ± 0.40ab 5.43 ± 0.73b 
 

5.34 0.011 

Maximum height (m) 5.83 6.00 6.58 6.58 
  

Maximum dbh (cm) 41.38 49.66 46.79 
   

Basal area at breast height (m2·ha−1) 3.03 ± 2.06a 5.36 ± 0.97b 4.72 ± 2.69ab 
 

4.16 0.027 

Aboveground biomass (t·ha−1) 7.59 ± 6.27 15.99 ± 3.17 18.53 ±12.81 
   

Small trees AGB (t·ha−1) 3.01 4.72 3.49 
   

Large trees AGB (t ha−1) 4.59 11.27 15.04 
   

Average values with the same letter(s) across same lines for each vegetation type are not significantly different (at p-value > 0.05) 
according to Tukey’s HSD test. 

 
At species level, 10 species as Anogeissus leiocarpus (DC.) Guill. & Perr., 

Burkea africana Hook f., Daniellia oliveri (Rolfe) Hutch. & Dalz, Detarium mi-
crocarpum Guill. & Perr., Isoberlinia doka Craib & Stapf., Parinari curatellifolia 
Planch. ex Benth., Pteleopsis suberosa Engl. & Diels, Terminalia avicennioides 
Guill. & Perr., Terminalia laxiflora Engl., T. macroptera Guill. & Perr., Vitellaria 
paradoxa var. paradoxa Gaertn. contributed to increase stem density (Table 1). 

In contrast, woodland exhibited taller individuals with the highest average 
value of stem height (5.43 ± 0.73 m) and maximum stem height value (6.58 m) 
(Table 2).  

The overall difference observed in stem density tended to be significant (F = 
2.22, p-value = 0.048) as the influence of vegetation type (Table 2) while differ-
ence in stem height was strongly pronounced between woodland and bowal 
solely (Anova, F = 5.34, p-value = 0.011). 

Only the average value of Log stem basal area at dbh was statistically greater 
for shrubland than bowal (Anova, F = 4.16, p-value = 0.027) in multiple com-
parison of average values. Woodland showed an intermediate average value. In 
the term of homogeneous areas for stem height and basal area at dbh, the vege-
tation of bowal was particularly different and specific while those of shrubland 
and woodland were similar. 

Although the total density of stems was uniformly distributed, the individuals 
of large sized dbh > 10 cm were almost sparce and depleted in all the sampled 
area of 3 ha and represented 27.95% of total stem. This group was dominated by 
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stems of classes [10 - 15] and [15 - 20] across the three areas (Figure 3) Small 
sized stems (dbh class of [5 - 10]) were prevalent with the highest total density of 
1119 ha−1 making up 72.05% of total stem density. 

In return, the average value of stem basal area at breast height (dbh) ranged 
from 4.72 ± 2.69 m2·ha−1 for woodland to 3.03 ± 2.06 m2·ha−1 for bowal respec-
tively (Table 2).  

The higher values of stem basal area (5.36 ± 0.97 m2·ha−1) and maximum value 
of stem dbh (49.66 cm) were recorded in shrubland and lower values on bowal 
according to Table 2.  

3.3. Relationship between Stand and Aboveground Biomass  

The total net primary productivity of woody plants as living AGB linearly in-
creased from bowal (AGB = 7.59 t·ha−1) to woodland with the highest value 
(AGB = 18.53 t·ha−1) (Table 2). The overall AGB was statistically different 
(Kruskall Wallis H = 6.79, p-value = 0.034) across vegetation type. These values 
fluctuated across dbh classes and were remarkably influenced by stem density in 
bowal exceptionally. 

Linear regression analysis were performed on the one hand between stem 
density and biomass, and on the other hand between stem basal area at breast 
height. Results revealed that variation in AGB was highly positive and significant 
(p-value < 0.05) for small sized stem density and basal area and for large sized 
stem basal area in woodland only (Table 3). More than 67% of variation ob-
served in AGB in bowal (p-value < 0.0001) and woodland (p-value = 0.004) were 
due to the great density of small stem. Solely shrubland in where 91% and 76.3% 
variation in AGB were remarkably caused by higher density (p-value < 0.001) of 
small stem and by basal area of large stems (p-value = 0.001). In woodland, almost  
 

 
Figure 3. Stem density distribution model as a function of dbh class sampled woody species (except liana) 
in study area in 2018.  
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Table 3. Linear relationship between AGB (t·ha−1) and density (ha−1), AGB and basal area (m2·ha−1) for small- and large-sized trees 
according to vegetation type. 

Vegetation type 
Small sized stems (5 ≤ dbh ≤ 10 cm) Large sized stems (dbh >10 cm) 

AGB - Density AGB - Basal area AGB - Density AGB - Basal area 

Bowal 
    

 
Regression equation 0.48 + 0.08x −1.22 + 13x 3.95 + 0.12x 0.31 + 28.0x 

 
R-Sq 82.0% 14.2% 11.8% 33.1% 

 R-Sq (adj) 79.8% 3.5% 0.0% 23.6% 

 
Anova, F 36.48 1.33 0.94 3.47 

 p-value < 0.0001 0.28 0.37 0.11 

Shrubland 
    

 
Regression equation −0.16 + 0.11x 5.6 − 0x 0.55 + 0.62x −5.05 + 94.4x 

 
R-Sq 91.3% 0.0% 31.0% 76.3% 

 R-Sq (adj) 90.3% 0.0% 22.3% 73.3% 

 
Anova, F 84.42 0.00 3.59 25.75 

 p-value < 0.001 0.999 0.095 0.001 

Woodland 
    

 
Regression equation 0.28 + 0.10x 2.51 + 32.4x 10.4 + 0.64x 19.0 + 18.2x 

 
R-Sq 67.0% 1.4% 49.6% 2.6% 

 R-Sq (adj) 62.9% 0.0% 43.3% 0.0% 

 
Anova, F 16.23 0.11 7.88 0.22 

 p-value 0.004 0.75 0.02 0.65 

Regression equation corresponded to AGB (t·ha−1) = b + ax (with x = stems·ha−1 or x = basal area (m2·ha−1). 
 
50% of variation observed in AGB were significantly induced by higher density 
of large sized-stem (p-value = 0.02). 

4. Discussion 

The present study, done in 3 ha identified 58 species as an evolution of species 
richness with the number of 1557 recorded plant individuals toward those (67 
species) obtained by Nombré (2019). Species richness as well as density of woo-
dy plant differs from one vegetation type to another corresponding to the atti-
tude of each species to colonize and establish in one or more vegetation condi-
tions. Woodland was the richest area that exhibits higher species richness and 
flora (45 species, 36 genera and 14 families) while bowal was the poorest area 
with lower species richness and composition. But according to the calculated 
values of Bray-Curtis’s index, only shrub- and woodland were different from 
each other in term of species richness and diversity whereas bowal, shrubland 
and woodland were similar and formed together homogeneous vegetation. This 
similarity seems to be linked with the fact that 17 species representing 29.31% of 
total species were simultaneously observed on these three vegetation types. Ac-
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cordingly, when we calculate the ratio of species number over stem number 
(bowal 30/440 = 0.07; shrubland 35/620 = 0.06 and woodland 36/497 = 0.09) for 
each area we obtain a value that tends toward value 0.1 proving that species are 
evenly distributed between areas. Thoroughly, increase in plant number did not 
conduct to increase in species richness indicating the (co)-existence of few spe-
cies represented by many individuals (see Table 1) as their response to each ve-
getation singularity and spatial heterogeneity. It is obvious that vegetation type 
as canopy layer (with or without soil type) is preponderant in woody species as-
semblage, density and through the plasticity of some species to colonize and es-
tablish in savannah ecosystem (Williams et al., 1996; Oliveira et al., 2017). But 
the level at which variation occur differ from one to another vegetation type with 
respect to tree adaptive strategy and performance (Traoré and Jouquet, 2020). 
Overall results showed pronounced decrease in large stem density and an in-
crease in small trees density across vegetation types. Such habitats may affect the 
natural regeneration of tree species through the recruitment and the density of 
vascular undergrowth (dbh < 5 cm) species and consequently induce hetero-
geneity in the distribution at small scales. Decrease density of large tree may be 
the consequence of the absence of positive recruitment in upper sized class due 
to the negative influence of area that can be observed in many vegetation type 
(Novor & Abugre, 2020). In effect, bowal dominated by bare and encrusted soils 
as ultimate degree of area erosion can further impede the establishment of lux-
urious woody assemblage. Such, stem density can increase and being limited to 
the prevalence of small trees resulting from degraded or oppressed site in which 
plant community is developing strategies that allow them to survive hard condi-
tions but also from a slow growth rate, common in African Sudanian zone (Sol-
brig, 1994; Zwarg et al., 2012; Padonou et al., 2014) and thereafter influence 
AGB production.  

Significant relationship was found between small tree density and AGB (R2 ≥ 
67%) in each vegetation type, between larger tree density and AGB (R2 = 49.6%) 
in woodland and between the basal area of larger tree and AGB (R2 = 76%) in 
shrubland. This suggests that distinction in tree dbh class pattern positively and 
significantly affects AGB as well as vegetation type as bowal, shrubland and 
woodland with greatest AGB for small trees in bowal. As possible explanation, 
small individuals related to great AGB may reflect a level of resilience of plant 
community after disturbance or a great degradation of plant community. In case 
of restoration post disturbance, plant actively grow through production and dif-
ferentiations new aerial organs as multiple stems (Zida et al., 2009) in juvenile to 
tree transition and become established as adult trees. Our results agree with pre-
vious studies carried out in dry and humid environments (Oliveira et al., 2017; 
Astri et al., 2020). Oliveira et al. (2017) had indicated that in forest and 
non-forest environments, more individuals are distributed in the minor diame-
ter classes while few individuals are found in the major diameter classes and As-
tri et al. (2020) reported that small sized trees were positively connected with 
great AGB in savannah system. But, according to these last authors, the contri-
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butions of small sized trees to basal area and stem density were significantly dif-
ferent between vegetation types. Therefore, attention may be paid to the hori-
zontal structure in communities and bowal contribution for management and 
restoration monitoring since our analyses also pointed out a decline in vascular 
vegetation layer. 

5. Conclusion 

We have assessed woody community related to the functioning of ecosystems 
through stand density and size structure of woody species and AGB through 
three vegetation types as bowal, shrubland and woodland. Results revealed simi-
larity between them for species diversity and composition while significant dif-
ference was underlined in stand abundance with small tree predominance. We 
found that the positive variation in plant community structure was generated by 
the positive relationship between stem size and produced AGB. Such, increase 
density in small sized stem in community result from increase accumulated ab-
oveground biomass as positive regeneration features, but positive stem recruit-
ment in upper diameter class was hindered as the higher degree of vegetation 
degradation. The results illustrate the importance of including stand structure in 
total AGB estimation for plant community. Therefore, we suggest considering 
stem size to be used to discriminate AGB level and vegetation conditions in re-
generation monitoring regarding species composition. And then, measures 
could be taken to adapt co-management of natural vegetation and reinforce 
ecosystem services and goods production. 
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