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Abstract 
In a context of climate change characterized by rising temperatures, increased 
greenhouse gases and frequent droughts, the Sahel is presented as one of the 
most vulnerable areas to the adverse effects of climate change. The Sahel is 
presented as one of the most vulnerable areas to the adverse effects of climate 
change. The objective of this study is to assess the above-ground biomass and 
carbon stock of three Sahelian species: Acacia raddiana tortilis (Forsk.) hayne 
ssp. raddiana (savi) Brenan, Acacia senegal (L.) Willd and Balanites aegyptia-
ca (L.). The study was carried out in northern Senegal commonly known as 
Ferlo. Biomasses of the populations of the three target species were first as-
sessed by harvesting the entire epigenetic part of the species and then mod-
elled by correlation using dendrometric parameters measured on each indi-
vidual of the sample. Two models, mono-specific and multi-species, were 
used. The results obtained showed that the diameter at breast height (x) and 
the parameter best correlated to the epigeal biomass (y). The dry biomass of 
woody plants was 31.4 ± 15.2 kg/tree for B. aegyptiaca, 30.6 ± 13.2 kg/tree for 
A. senegal and 26.2 ± 11.1 kg/tree for A. raddiana; i.e. carbon equivalents of 
14.75 - 14.38 - 12.31 kg/tree respectively. The amount of carbon contained in 
the above-ground woody biomass is estimated at 4.48 t/ha. The carbon equiv-
alent, atmospheric CO2 is estimated at 16.44 tons of CO2/ha and based on the 
actual density of Ferlo (108.08 ± 49.79 ind/ha) the sequestered carbon of the 
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area is estimated at 1777.008 tons of CO2. The comparison between the mod-
els developed in this study and the multispecific or mono-specific models 
from the literature showed substantial differences. This study contributes to a 
better understanding of the contribution of Sahelian woody species to carbon 
sequestration and the results could be used in the framework of adaptation to 
climate change.  
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1. Introduction 

From the drought years of the 1970s to the 1990s, the Sahel region underwent 
profound ecological and socio-economic changes [1] [2]. Recent studies on the 
evolution of Senegal’s ecosystems in the Ferlo zone have shown a detrimental 
change in the floristic composition and structure (density, stratification and 
cover) of the vegetation [3] [4] [5]. 

In Sahelian ecosystems, the plant biomass produced decreases when the an-
nual rainfall is less than 250 mm; even though soil conditions and human activi-
ties have a great influence [6]. This biomass provides important information on 
the functioning and economic productivity of agrosystems as well as their po-
tential for sequestering atmospheric carbon [6]. 

Thus, under conditions of optimal management of Senegal’s Sahelian ecosys-
tems in a Great Green Wall (GGW) context, knowledge of its functioning and 
the services it provides is necessary in order to enhance its potential. According 
to the Intergovernmental Panel on Climate Change [7], significant terrestrial 
carbon stocks are vulnerable to the impacts of climate change and/or land-use 
change. To address these concerns, it is important to provide this international 
community with recent scientific information useful in the fight or mitigation of 
climate change due to the emission of greenhouse gases, especially carbon. 

In the Ferlo area, relatively few studies have focused on estimating woody 
biomass. The few existing works are the subject of studies correlating aerial bio-
mass and their dendrometric characteristics [8]-[14]. 

This work is approached at the population scale of three species reforested in 
the Ferlo in the area of the Great Green Wall; these are Acacia tortilis (Forsk.) 
hayne ssp. raddiana (Savi) Brenan, Acacia senegal (L.) Willd and Balanites ae-
gyptiaca (L.) Del. It aims at taking stock of the carbon sequestration capacity of 
these woody species with a view to monitoring their dynamics with the evolution 
of carbon stocks as an indicator. 

The selected species have strong economic potential for the local population. 
In addition to their fodder role, these trees play an important role in the balance 
of the Sahelian ecosystem. They play a role in maintaining soil fertility and pro-
duction [2] [3] [6], protecting the soil against bad weather (wind, run-off water, 
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heat), the floristic composition of herbaceous plants and providing shade [6]. 
Apart from their ecological and fodder importance, these three species contri-
bute to the socio-economic resources of rural and urban populations. They are 
often used to satisfy needs in the fields of food (direct consumption of leaves and 
fruits), clothing (dyeing), energy (firewood), medicine (care of human and ani-
mal diseases), agriculture (tool handles, nitrogen fixation in the soil, restoration 
of depleted soils, regeneration of soils sterilized by salinity or alkalinity), and 
combating desertification (dune stabilization). 

The estimation of the quantity of carbon sequestered by these woody trees is 
based on the principle of allometry according to which the relationship between 
certain parameters (height, diameter, crown size and biomass), obeys a rule that 
is the same for all trees living under the same conditions, from the smallest to 
the largest [15] [16]. The approach adopted in this study consists first of eva-
luating the biomass of woody trees by the destructive method and then of estab-
lishing some allometric equations allowing to predict the biomass of woody trees 
from the dendrometric characteristics and finally to deduce the quantity of se-
questered carbon. 

2. Methods 
2.1. Presentation of the Study Area and Study Sites 

This study was conducted in Senegal in the sylvopastoral zone commonly known 
as Ferlo (Figure 1). The Ferlo covers an area of 70,000 km2 [17] and is crossed 
from east to west by the route of the Great Green Wall project in Senegal. Cli-
matically, the annual rainfall of the Ferlo varies between 100 mm and 350 mm 
[1]. Relative air humidity is very low (annual average 35%) with high evapo-
transpiration ranging from 1800 to 2200 mm/year [1] [18]. The Ferlo has a 
woody to shrubby steppe dominated by woody trees such as Balanites aegyptiaca  
 

 

Figure 1. Location of the study area and study sites. 
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(L.) Del, Boscia senegalensis (Pers.) Lam. Ex Poir, Acacia senegal (L.), Acacia 
tortilis (forsk.) Hayne ssp. raddiana (Savi) Brenan, and Calotropis procera (Ai-
ton) W. T. Aiton [17] [18] [19]. 

This vegetation is inferred from two types of soils [20]: sandy iso humic soils 
of the dune system consisting of sandy red-brown clayey-sandy soils and poor in 
organic matter; and sandy to sandy red clayey-sandy tropical ferruginous soils, 
more or less leached and poor in organic matter. 

The study was carried out in the western Ferlo center, in the environment 
circumscribed by five localities: Linguere, Dodji, Tsetsere, Widou Thiengoly and 
Kamb (Figure 1). 

2.2. Wood Sampling 

Samples of Balanites aegyptiaca (L.) Del, Acacia senegal (L.), Acacia tortilis 
(Forsk.) Hayne ssp. raddiana (Savi) Brenan were collected in August 2012 along 
three transects: the first one connects Widou to Kamb (15˚32.533N - 15˚25.769W); 
the second Widou to Tessékéré (15˚51.940N - 15˚12.695W); and the last is on 
the Dodji-Linguère axis (15˚28.079N - 14˚59.891W). The sampling was carried 
out at the individual level and generally concerns shrubs and trees. Individuals 
of variable diameter were chosen to cover a range of sizes and thus widen the 
dendrometric variability. The selected individuals were coded and georeferenced 
using a GPS (GARMIN MAP64). The sample size was calculated from the for-
mula in [21], which takes into account the density of the wood: 

( )2
1 2 2

1P P
n U

dα−

−
=  with ( )1 2 1.96 2U α− = ≈  and 1 15d≤ ≤  

(P = percentage of the species; a = the ratio of the density of the species stu-
died to the total density of woody plants; d = is the error rate; U = is the u of the 
normal law which is read from the table; n = number of feet to be sampled). 

Based on this calculation, a total of 132 individuals were counted on the three 
transects (Table 1).  

The sample size in the elaboration of allometric models is variable, depending 
on the study areas, the density of trees and the spatio-temporal variability of 
precipitation [15] [16] [22] [23]. Allometric models have been developed with a 
number of trees greater than 100 [24] [25]. However, other models focused on 
tree numbers below 20 [26] [27] [28] [29]. Stratified sampling was used follow-
ing the transects, with sampling at the individual level for shrubs and trees. 
 
Table 1. Sample size justified in the method section (Dagnélie’s formula). 

Sites A. raddiana A. senegal B. aegyptiaca 

Widou-Kamb 10 25 10 

Widou-Tessekere 17 20 20 

Dodji-Linguere 10 10 10 

Total 37 55 40 
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2.3. Dendrometric Measurements 

The dendrometric parameters measured on each individual were trunk diameter 
at 0.30 m and 1.30 m from the ground, and crown diameter on the N-S and E-W 
axes (Baskerville, 1965). Tree diameters were measured with a forest compass 
(Mantax black model A060). A tape measure was used for circumference mea-
surements. For the feet of irregular and branched trunks, measurements were 
taken on the whole trunk; the individual values were then summed. The total 
heights of the individuals were measured on the ground after felling. 

2.4. Felling, Cutting and Sampling of Trees 

The selected individuals were cut down with a chainsaw. After felling, the aerial 
part of each individual was cut into pieces and divided into four categories or 
compartments: trunk, branches, twigs, and twigs and leaves [30]-[38]. 

To measure the dry biomass of the trees, branch samples were taken in all four 
directions (N, E, W and S); for twigs and leaves, one sample was taken in the 
northern direction only, since there was no significant difference in moisture 
content in the direction of sampling [39]. In this study, the underground bio-
mass was not studied despite the fact that it constitutes a significant part of the 
Sahelian environment where the deep growth of trees would be very determin-
ing. 

2.5. Weighing and Monitoring the Moisture Content of the  
Biomass in the Different Compartments 

After slaughter, the total fresh mass of each compartment of an individual was 
weighed with a 200 kg ± 0.1 scale and then added to obtain the total fresh mass 
epigraphed. Samples from each compartment were taken and weighed more ac-
curately with a precision balance (7 kg ± 0.05) and reported to the laboratory. At 
the laboratory, the samples were oven dried: leaves at 70˚C and wood at 105˚C 
until constant mass. To measure the moisture content of the trunks, washers at 
0.30 m and 1.30 m from the ground were used.  

2.6. Data Processing 

The ratio of fresh and dry masses made it possible to calculate the moisture con-
tent of the different compartments of each individual. The following formula 
was used: 

100Pf PsTh
Pf
−

= ×  

With: 
­ Th = Moisture content of the sample (%); 
­ Pf = fresh mass of the sample (kg);  
­ Ps = dry mass of the sample (kg). 

Knowing the moisture content (Th), the dry biomass of the different com-
partments was calculated by the following formula: 
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( )1 i i ii
kBS Pf Pf Th
=

= − −∑  with k = number of compartments measured. 

The calculation of the amount of carbon (C) stored by each species was de-
termined from the dry biomass (BS). It is also based on the work of [40] which 
considers that 47% of the dry biomass of woody species is made up of carbon. 

( )147 47
100 100

i i i
k
i Pf Pf ThBSC =

− −
= × = ×∑  

Above-ground carbon stock (ton/ha) of woody species in the Ferlo area was 
assessed using the average carbon stock of the three species, but also based on 
the actual density of Ferlo (108.08 ± 49.79 ind/ha) according to [41]. The estima-
tion of the carbon equivalent, atmospheric CO2, of the area was carried out by 
multiplying the volume of carbon by 3.67 according to the method used by [42] 
according to the equation: Equivalent stock (Téq) = carbon stock × 3.67. 

Data analysis was performed with Xlstat version 2015 and Minitab 14 demo 
version 14.1. Simple regression analyses allowed the construction of statistical 
models linking dry mass and dendrometric parameters for each species.  

The construction of the models required the verification of a certain number 
of validation criteria: 1) the significance of the coefficients (Student’s t-test); 2) 
the overall significance of the model (Fisher’s F-test); 3) the normality of the re-
siduals (Shapiro Wilk test); 4) the independence of the residuals (Durbin Wat-
son test); 5) the homoscedasticity of the residuals (Breush Pagan test); 6) the null 
mean of the residuals (Univariate test of null mean); 7) the linearity between the 
explained variable and the explanatory variable(s) (Reset test of non-linearity). 

However, three criteria were used to select the best fitted models: 1) The 
Akaike Information Criterion (AIC) which selects the best model through the 
lowest AIC; 2) the Residual Standard Deviation (RSE) which selects the best 
model through the lowest RSE; 3) the Adjusted Determination Coefficient (R2) 
which reflects both the quality of fit and the complexity of the model, its value 
varies from 0 to 1. A value close to 1 indicates a good fit of the model. 

A comparison of generic and mono-specific models from the literature with 
the models constructed in this study was then carried out. They are used to de-
termine the relationship between biomass and wood scaling [14] [43] [44]. This 
is the model integrating the power function and the model integrating the poly-
nomial function (from degree two to three). 

3. Results 
3.1. Relationship between Dry Biomass and Dendrometric  

Parameters 

In this study, the dry biomass of each of the three species is correlated to three 
dendrometric parameters: diameter at breast height (DBH), total tree height and 
crown diameter. Thus thanks to the selection and validation criteria, the best 
models are selected (Table 2). 

The analysis in Table 2 shows that the selected models met the conditions of  

https://doi.org/10.4236/oje.2021.112015


D. Ndiaye et al. 
 

 

DOI: 10.4236/oje.2021.112015 189 Open Journal of Ecology 
 

Table 2. Characteristics of the statistical tests of the selected biomass predilection models. 

Species 
Models of biomass 

Dried in (Kg) 
F 

TSG 
Biomass 

TNR THR TIR TLR TNMR 
R2 

adjusted 
RSE AIC 

A. raddiana 
n = 37 y = 0.3939x2 − 0.7051x + 2.4551 

F 1.75 

5619 
p < 0.001 0.44 0.27 0.65 0.52 0.78 0.78 0.12 13.56 

A. senegal 
n = 55 

y = 0.4475x2 − 2.3777x + 14.408 
F 1.92 

8680 
p < 0.001 0.63 0.36 0.73 0.71 0.89 0.75 0.13 15.42 

B. aegyptiaca 
n = 40 

y = 0.6595x2 − 13.092x + 89.419 
F 1.87 

7719 
p < 0.001 0.47 0.29 0.64 0.56 0.85 0.84 0.10 10.22 

(AIC: Akaike Information Criterion; RSE: Residual Standard Error; TIR: Test of Residual Independence; TNR: Test of Residual Normality; TNMR: Test of 
Nullity of Residual Mean; THR: Test of Residual Homoscedasticity; TLR: Test of Linearity of the Relationship between the Explained Variable and the Ex-
planatory Variable; TSG: Test of Overall Significance n: Sample Size). 

 
normality, independence, homoscedasticity and null mean of the residuals 
(p-value greater than 0.05). In addition, the estimated coefficients of the models 
are highly significant, which was translated into an overall significance (p < 
0.001). 

The dry biomass distribution trend curves as a function of DHP show deter-
mination coefficients (R2) of 0.78; 0.75 and 0.84 respectively in A. raddiana, A. 
senegal and B. aegyptiaca (Figure 2). These coefficients of determination show a 
strong correlation between biomass and DHP. 

The final equations from the regression model for the three species are: 
­ raddiana: y = 0.3939x2 − 0.7051x + 2.4551 with R2 = 0.7851 and p value = 

0.001 
­ senegal: y = 0.4475x2 − 2.3777x + 14.408 with R2 = 0.7508 and p value = 0.001 
­ aegyptiaca: y = 0.6595x2 − 13.092x + 89.419 with R2 = 0.8451 and p value = 

0.001 

3.2. Comparison of the Results of This Study with Models in the  
Literature 

The results of this study are compared on the one hand with generic models [12] 
[24] [44] and on the other hand with mono-specific models developed by [8] 
[45] (Table 3).  

The presentation of its allometric models in graphical form visually illustrates 
the degree of similarity between the models proposed in the literature and those 
from this study (Figures 3-6). 

Comparison between the generic models and the model developed in this 
study shows that the former overestimate woody biomass (Figure 2). However, 
it can be noted that the model in [12] is closer to the model developed in this 
study, followed by the model in [45]. With the model of [25], the predicted bio-
mass increases very rapidly when the diameter reaches 7 cm. At 15 cm diameter, 
the biomass is largely overestimated compared to that predicted by the other 
models. 

For the monospecific models, the model of [8] also overestimates the biomass 
of A. senegal (Figure 6) compared to the model developed in this study. Only  
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Figure 2. Allometric relationships for estimating above-ground biomass as a function of 
diameter at chest height (DBH) for A. raddiana, A. senegal and B. aegyptiaca. 
 

 

Figure 3. Comparison of the results of this study with multi-species models from the li-
terature [12] [24] [44]. 
 

 

Figure 4. Comparison of the monospecific model developed for B. aegyptiaca with that 
developed by [8]. 
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Figure 5. Comparison of the monospecific model developed for A. raddiana with that 
developed by [45]. 
 

 

Figure 6. Comparison of the monospecific model developed for Acacia senegal with that 
developed by [8]. 
 
Table 3. Generic models and mono-specific models from the specialized literature with 
the models developed in this study. 

Species Models 

 
Plurispecific 

(generic) 

FAO (1997) 
PST = exp (−2.134 + 2.530lnD) 

Mbow (2009) 
PST = 0.229Dbh2.237 

Chave and al., (2005) 
Ln(PST) = −1.589 + 2.284lnD + 0.129lnD2 − 0.0197lnD3 (I) 

Models of this study 
y = 0.3665x2 − 0.3674x + 2.6749 

A. raddiana 

Mono-specifics 

Namata et al., (1995) 
PST = 0.03 * (DBH)2.85 
Models of this study 

y = 0.3939x2 − 0.7051x + 2.4551 

A. senegal 

Poupon (1979) 
log10 PST = −2.76 + 2.62 * log10 (Cb) 

Models of this study 
y = 0.4475x2 − 2.3777x + 14.408 

B. aegyptiaca 

Poupon (1979) 
log10 PST = −2.76 + 2.62 * log10 (Cb) 

Models of this study 
y = 0.6595x2 − 13.092x + 89.419 

PST: Total Dry Weight; Cb: Circumference at Base: D: Diameter; DBH: Diameter to Chest Height. 
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those developed by [8] on B. aegyptiaca (Figure 4) and by [46] on A. raddiana 
(Figure 5) corroborate this study. 

3.3. Assessment of Biomass and Carbon Stock by the Destructive  
Method 

The biomass obtained by the destructive method after drying the samples is 31.4 
± 15.2 kg/tree for B. aegyptiaca, 30.6 ± 13.2 kg/tree for A. senegal, and 26.2 ± 
11.1 kg/tree for A. raddiana (Figure 7). Comparative analysis of the biomass of 
the three species indicates that their difference is not significant (p-value = 
0.4833). The conversion of this biomass to carbon stock shows a sequestration 
potential of 12.31 kg/tonne/tree for A. raddiana; 14.38 kg/tonne/tree for A. se-
negal and 14.75 kg/tonne/tree for B. aegyptiaca. 

At the scale of the Ferlo landscapes, B. aegyptiaca which is the most prosper-
ous species (32.02 ind/ha) constitutes an enormous reservoir of carbon stock 
(1.7329 tC/ha) compared to A. raddiana (3.68 ind/ha) and A. senegal (1.05 
ind/ha) and whose carbon stocks are evaluated respectively at 0.16625 tC/ha and 
0.05615 tC/ha (Table 4). 

3.4. Preference of Woody Biomass with Developed Models 
3.4.1. Model Developed in This Study 
The biomass prediction models developed in this study were used to calculate 
the biomass of the three species. The results obtained show a total biomass of  
 

 

Figure 7. Aerial total dry mass (TDS) of A. raddiana (a); A. senegal (b); and B. aegyptiaca 
(c). 
 
Table 4. Estimated potential for atmospheric carbon sequestration. 

Species 
Actual density 

of Ferlo 
ind/ha 

Average dry 
biomass 

per foot in kg 

Average 
carbon 

Per feet in kg 

Carbon 
stock 

in t/ha 

Carbon 
equivalent 

(tC/ha) 

Acacia raddiana 3.68 26.2 12.31 0.0453 0.16625 

Acacia senegal 1.05 30.6 14.38 0.0153 0.05615 

Balanites aegyptiaca 32.02 31.4 14.75 0.4722 1.7329 
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1046.29 kg for A. raddiana, 1626.86 for A. senegal and 1966.75 kg for B. aegyp-
tiaca (Table 5). Comparison of the masses obtained with those obtained by the 
destructive method shows that the differences are not significant (p-values 
greater than 0.05). 

3.4.2. Existing Generic Models 
Biomass predictions from the generic models compared to the destructive me-
thod (2,370,709 kg); show values twice as important for the model of [45] and 
[12] with respectively 5818/844 kg and 4,510,332 kg; and four times as important 
for the model of [25], i.e. 8,658,737 kg. For these comparisons, the Kruskall Wal-
lis test showed highly significant differences (p-values less than 0.001) (Table 6). 

3.4.3. Existing Single-Species Models 
Biomasses obtained by prediction with monospecific models appear to be higher 
than those obtained by the destructive method (Table 7). 
 
Table 5. Comparison between destructive observed masses and masses derived from the 
model predilection. 

Species 
Allometric equations R2 adjusted Mass (kg-MS) p-value 

MP MOD 

A. raddiana y = 0.3939x2 − 0.7051x + 2.4551 0.785 1046.29 1006.27 8.77 

A. senegal y = 0.4475x2 − 2.3777x + 14.408 0.750 1626.86 1538.30 4.37 

B. eagyptiaca y = 0.6595x2 − 13.092x + 89.419 0.845 1966.75 1300.20 3.95 

MP = Predicted mass; MOD = Observed destructive mass; p-value at the end of the Kruskall Wallis test. 

 
Table 6. Validation of the generic models developed. 

Statistical 
Parameters 

Observed mass (Kg-MS) Mass predicted by the models 

Validation sample 
(30 trees) 

FAO 
(1997) 

Mbow 
(2009) 

Chave and 
et al., (2005) 

 2370.709 5818.844 4510.332 8658.737 

Estimation  16.58 11.26 15.79 

Erreur standard  1.29 0.44 1.16 

test value  12.87 25.32 13.59 

p-value  4.9E−13*** 2E−16*** 1.37E−13*** 

***Very highly significant differences. 

 
Table 7. Validation of the mono-specific models developed. 

Statistical 
Parameters 

Validation 
sample 

Observed mass 
(Kg-MS) 

Mass predicted 
by the models 

Erreur 
Standard 

Test 
value 

p-value 

Poupon (1979) on 
B. eagyptiaca 

30 trees 2089.791 5358.737 7.67 0.294 0.771 

Poupon (1979) on 
A. senegal 

30 trees 2915.084 9645.780 0.26 2.67 0.013 

Namata et al. 
(1995) on A. raddiana 

40 trees 6621.505 9564.450 5.23 0.275 0.655 
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However, the statistical tests carried out have shown that there is no signifi-
cant difference between the biomasses obtained by the destructive method and 
those predicted by the model of [8] for B. aegyptiaca (p-value ꞊ 0.771 > 0.05) and 
the model of [45] for A. raddiana (p-value ꞊ 0.655 > 0.05). Only the biomass pre-
dicted by model [8] for A. senegal seems to give results slightly different from 
those obtained by the destructive method (p-value = 0.013 < 0.05).  

4. Discussion 

The allometric relationships that were the subject of this study were compared to 
existing models. The three (3) allometric models developed in this study each 
have an adjusted R2 coefficient of determination close to 1 and meet the various 
preliminary statistical tests. The CSR values ranged from 0.10 to 0.13 as did the 
AIC values, which ranged from 10,223 to 15,423. These criteria are taken indi-
vidually or combined in the choice of the best models by many authors [43] [44] 
[47]. For the latter, the best model is the one with the lowest AIC and CSR val-
ues. The same approach has been used by [48], who selected cubage tariff models 
by combining these two parameters. On the other hand, [49] developed allome-
tric equations whose selection was based mainly on the low value of CSR. Thus, 
biomass prediction from these three models produced results very close to those 
of the destructive method. 

The highly significant differences between the mass obtained by the destruc-
tive method and that obtained from the generic models developed by [12] [25] 
[45] indicate that it would not be appropriate to use these models in the context 
of Ferlo. Rather, his models tend to overestimate dry biomass. 

Monospecific prediction models seem to better predict the biomass of the 
species studied, notably the model of [8] for B. eagyptiaca and that of [46] for A. 
raddiana; even if the biomasses predicted by these models are relatively slightly 
higher compared to those obtained with the validation sample. 

Thus, in tropical, intertropical or temperate zones, most of the authors who 
have studied the question of biomass estimation [8] [12] [50]-[59], agrees on the 
fact that there are no universal rules, due in particular to the diversity of the 
stands studied and especially to the high number of problems to be solved (sam-
ple size, choice of prediction models, etc.). However, it should be pointed out 
that the estimation of dry biomass of Sahelian woody species from approved ge-
neric models generally differs from what is observed elsewhere. Indeed, in wetter 
regions, these models are generally developed on large-diameter species.  

According to [12], the use of a generic model amounts to introducing a pre-
diction bias that can be seen as interspecies variability. His study shows that 
merging data for several species is of interest if the gain in intra-species variabil-
ity brought by this merger compensates for the interspecies variability intro-
duced. However, it is necessary to ensure that: 1) this merging makes sense and 
2) the proportions within the sample of the different species present in the stand 
are respected. When constructing an all-species tariff from the outset (as is often 
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the case with natural stand tariffs), care must be taken to ensure that the choice 
of individuals in the sample is independent of their species, so as not to bias the 
tariff in favour of a particular species [12]. However, the best strategy to achieve 
the tariff for a stand is to construct monospecific allometric equations for the 
main species present; and then to carry out the interspecific assessment of dry 
biomass by applying the monospecific allometric equations while respecting the 
characteristics of the stand under study (species composition and proportion, 
but also distribution of tree diameters and sizes). By merging the data, the sam-
ple size is increased, which is of interest if it compensates for the increase in va-
riability due to the mixing of different species [12]; but this is a rather cumber-
some task to carry out. 

The dry biomass resulting from the destructive method is 31.4 ± 15.2 kg 
DM/tree for B. aegyptiaca, 30.6 ± 13.2 kg DM/tree for A. senegal, and 26.2 ± 11.1 
kg DM/tree for A. raddiana. This result seems to indicate that its three Sahelian 
species could have the same carbon sequestration capacity; although it should be 
noted that at the scale of the Ferlo landscapes, B. aegyptiaca which is the most 
prosperous species constitutes a huge reservoir of carbon stock (1.7329 tC/ha) 
the most important compared to A. raddiana (3.68 ind/ha) and A. senegal with 
respectively 0.16625 tC/ha and 0.05615 tC/ha. 

Our results are close to those obtained by [12] in the Sudanian and Suda-
no-Guinean savannas of Senegal (classified forests of Bala, Kantora, Mampaye, 
Ouli, Patako and Welor) where the biomasses obtained with the polynomial al-
lometric model vary from 7.9 to 102.2 tMS/ha for equivalent carbon stocks from 
3.93 to 50.89 tC/ha. In the wetter regions, the amounts of sequestered carbons 
are between 81.48 and 118.36 tC/ha [60]. These differences would be related to 
climatic conditions that influence in one way or another the size of the woody 
plants. [12] had pointed out that the value of biomass and carbon in the savan-
nah is low because of the predominance of small diameter woody trees. Also, 
logging, which most often targets large trees, drastically reduces biomass stocks 
over the years. 

Highly vulnerable to climate change, the Sahel, and more particularly the Fer-
lo, nevertheless presents significant assets for reducing the concentration of 
greenhouse gases in the atmosphere. Firstly, it contains vast areas still available 
for forest management and favourable to the development of adapted species. 
Secondly, reforestation combines very well with the fight against poverty, since 
forest resources weigh heavily on the economy of the population. Finally, the 
species best adapted to semi-arid climates are also those that provide the highest 
added value products, such as gum trees [2] [3]. On these bases, the Sahel is a 
zone of great potential interest in the perspective of promoting carbon seques-
tration while fostering new sources of income to fight against poverty and im-
prove food security for the populations of the zone. Thus, estimating the quanti-
ty of carbon sequestered in Sahelian ecosystems as accurately as possible is of 
great interest for the development of the zone and its better inclusion in the 
global balance. 
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The limits of this study are related to the destructive method used, but also the 
number of species considered in relation to the important woody diversity in the 
Ferlo area. However, it is essential to refine a new non-destructive methodology 
based on major species of the area for a better estimation of the carbon stock. 

5. Conclusions 

This present study carried out in the Ferlo on populations of A. raddiana, A. se-
negal and B. aegyptiaca allowed building on the one hand, mono-specific allo-
metric models linking dendrometric parameters to the aerial phytomass and on 
the other hand, evaluating the quantity of carbon sequestered by these species in 
the Ferlo. 

The study confirms previous research on the measurement discrepancies 
found between mono-specific and generic models established for the estimation 
of biomass and carbon stock. The woody species of the Senegalese Sahel, due to 
their small trunk size, have a low carbon sequestration capacity compared to 
other more humid ecosystems. Differences in the biomass prediction results can 
be explained by the variability related to ecological conditions, the choice of pa-
rameters to be considered in developing the model, and the choice of the ma-
thematical model that best fits the experimental point cloud.  

Estimating biomass and quantifying the carbon sequestered by woody plants 
in the Ferlo will gain in precision and reliability with single-species models, 
which take more account of the specificities of each species present in its stand. 

The best strategy to achieve stand pricing would therefore be to construct 
monospecific allometric equations for the main species present; and then to car-
ry out interspecific assessment of dry biomass by applying the monospecific al-
lometric equations. 

This study contributes to the evaluation of the contribution of Sahelian woody 
species to carbon sequestration in a context of climate change and to the moni-
toring of their dynamics with the evolution of woody carbon stocks as an indi-
cator. 
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