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ABSTRACT

Our work aims to improve the knowledge of the various ecosystem services rendered by Bambusa vulgaris, one of the 
non-timber forest products with high conservation value. The study was carried out in Ekali I and Ballong II, two localities 
in the Center Region of Cameroon. A semi-structured questionnaire on the ethnobotany of bamboo species was adminis-
tered to 150 people selected in the two study localities. The clumping-based sampling design was used to collect structural 
data for Bambusa vulgaris. In addition, its biomass was estimated using allometric models developed using the destructive 
method. The survey revealed that Bambusa vulgaris is used for construction, food, handicrafts, household energy supply, 
and agriculture and as poles for transporting electric wires. The average culm density of Bambusa vulgaris in both localities 
is 4733.67 culms ha−1 with an average number of clumps of 96 ha−1. The Ballong II locality has higher structural parameters 
than Ekali, with 120 clumps ha−1, an average density of 5720 stems/ha−1, an average diameter of 9.46 cm, and an average 
height of 12.61 m. The biomass of the Bambusa vulgaris stands estimated to average 24.66 ± 21.50 kg ha−1, with a coeffi-
cient of variation of 1.19%. Because of the pressure on this species due to its uses and role in climate regulation, it is urgent 
to think of a robust policy for its development and conservation.

Keywords: Bambusa vulgaris, biomass, ecosystem services, ethnobotany

Introduction

Ecosystems are one of the frameworks for all human life and activity. They improve human well-being through 
the goods and services they provide (Mohamed, 2018). In the forest, the ecosystem services provided included 
food, water, climate stability, disease regulation, soil formation as a basis for production, and cultural, recre-
ational, and spiritual frameworks. Many of the plant species in the forest are non-timber forest products. These 
species are used for food, medicine, energy, handicrafts, and architectural purposes (Chabi, 2011). Within the 
list of these non-timber forest products, bamboo is a species known and promoted to improve the economic 
and environmental well-being of resource-dependent communities in Asia (Ramananantoandro et al., 2013). 
In several tropical countries, bamboo is variously used by people as a source of food, fodder, medicines, gums, 
resins, building materials, etc. (Hasan et al., 2020; Ingram & Tieguhong, 2013). Bamboo contributes to house-
hold economies, food security, and environmental preservation (Boon & Ahenkan, 2013). The role that bamboo 
might play in sustaining local livelihoods has not been documented, despite its daily use for craft and household 
production, agricultural support, local transmission stations, and many other benefits. The widespread use of 
bamboo implies that those who cannot produce bamboo buy from producers, leading to a market situation of 
buying and selling bamboo-related products.

Currently, the same effort is being made in Africa by the International Network for Bamboo and Rattan (INBAR), 
which is the center of efforts to promote research on production systems, processing, utilization, and socio-
economic impacts, technology transfer (on processing techniques), information exchange, and capacity build-
ing in the bamboo sector globally (INBAR, 2018; Ingram et al., 2010). Planted bamboo can reach maturity in 
three years and then be harvested every two years for up to 120 years (Ingram et al., 2010). This requires a 
modest investment in the plantation to provide a steady income. Bamboo fibers are reportedly ten times 
stronger than wood fibers for construction, and bamboo is much lighter and easier to transport than wood 
(Ingram et al., 2010).
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The bamboo resource’s social, economic, and ecological impacts 
at the local and national levels are unknown or have not yet been 
documented. However, bamboo has long been considered one of 
the neglected Non-Timber Forest Products (NTFPs) in Central Africa 
(Ingram et al., 2010), despite being a renewable resource that is eas-
ily domesticated, has an annual yield, is readily available to rural com-
munities, and has the potential to accelerate rural development (an 
aspect long recognized in Asia) (Belcher, 1998; Luo et al., 2020; Pérez 
et al., 1999).

According to INBAR (2018), the global bamboo market, in which China 
plays a leading role, currently represents USD 60 billion in annual turn-
over and constitutes a privileged potential source of income for rural 
communities (Dje et al., 2017). In this context, it seems appropriate that 
Cameroon, which holds one of the significant potentials of bamboo 
in Central Africa (Wonkam, 2019), can intensify its efforts in terms of 
valorization of this strategic resource, which has become a major eco-
nomic asset in several Asian countries (Nfornkah et al., 2020). To bet-
ter understand this species’ diversity, Cameroon conducted in 2015 an 
inventory of the stands of this resource in the Center, Littoral, South, 
and Southwest Regions. The literature review revealed the existence 
of six species of bamboo within the country, including four well rep-
resented, namely Bambusa vulgaris, Bambusa vitata, Yushana alpina, 
and Oxytenathera abyssinica, and two other species are observed in 
trace form; these are Dendrocalamus aurea and Phyllostachys species 
(Nfornkah et al., 2020).

Bamboo is considered a multipurpose species by rural communi-
ties (Hasan et  al., 2020). This resource is nowadays overexploited and 
does not guarantee the sustainability of the goods and services it 
provides. However, it is an exciting plant from an ecological point of 
view because it can replace wood from the natural forest through the 
goods and services it provides and its carbon sequestration capacity 

(Hasan et al., 2020; Odiwe et al., 2012). In this market, the main actors 
remain poorly described in Cameroon (INBAR, 2011). The study aims to 
highlight bamboo’s goods and services and carbon storage potential 
for better valorization and conservation. More specifically, it will (i) char-
acterize the socioeconomic profile of the actors of the bamboo sector 
and the use of bamboo; (ii) describe the structure of bamboo clumps; 
and (iii) determine the biomass of bamboo culm.

Methods

Study Area
The study sites were located in the Center region of Cameroon, where 
two localities were selected due to their high level of intensity in the use 
of bamboo. The locality of Ekali I is located in the sub-division of Mfou, 
Division of Mefou and Afamba, Center Region of Cameroon (Figure 1). 
Ekali I is located about 20 km from Yaoundé to Nsimalen airport, on the 
road to Mbalmayo. The commune of Mfou was elected by the presi-
dential decree of 1974 as the head of the department of Mefou and 
Afamba. It has a surface cover of 3338 km2. It is limited to the north 
by the district of Yaoundé IV, to the south by Mbalmayo, to the east 
and south-east by the district of Awae-Nkol Afamba, and to the west by 
Bikok (Mougoue, 1989).

The locality of Ballong II is located in the Batchenga commune, Lékié 
department, Center Cameroon region (Figure 1). It was created by presi-
dential decree N°94/082 of April 24, 1995. It is 62 km from Yaoundé. 
Likewise, it has an area of 216 km2. This municipality is bordered to the 
west by the arrondissement of Ntui, to the north by the arrondisse-
ment of Mbandjock, and to the south by the arrondissement of Obala 
(CVUC, 2014). It should be noted that the site of Ballong II is located in 
an old tobacco plantation that was managed at the time by a tobacco 
company in the city of Batchenga. After the latter's departure, the place 
became a vast bamboo plantation.

Figure 1. 
Map of the study site.
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Sampling Design
In each locality selected, a list of bamboo user groups was established. 
Focus groups were organized with the user groups of Bambama. Snow 
ball sampling approach was used to identify the user of bamboo and 
to advise on the identification of the next person or household. Each 
person or household indicated the nearest bamboo clumps that were 
further georeferenced for inventory. One hundred fifty people distrib-
uted among the two sites were interviewed.

The clumping-based sampling design (INBAR, 2019) was used for col-
lecting bamboo biomass data at the study sites (Figure 2). At the GPS 
waypoint of the plot, the nearest bamboo clump was determined; then, 
five distances L1 to L5 of the six nearest bamboo clumps were succes-
sively measured (Figure 2). Thus, a total of 6 clumps per location were 
installed and measured.

Data Collection

Bamboo Socioeconomic Data Collection
The interview guide, semi-structured questionnaire, and diary note 
used for data collection were structured based on the importance of 
NTFP and the social and economic values of bamboo-based resources 
(Rosa et al., 2016; Sohel et al., 2015; Gbesso et al., 2017; Adomou et al., 
2012; Endalamaw et  al., 2013). The surveys were based solely on sur-
veys of the different actors directly involved in the bamboo sector in the 
study area. A total of 150 people were surveyed in the two community 
village sites, distributed among three focus groups of 10–15 people. For 
each site, 75 people, or households were interviews. The social and eco-
nomic characteristics, including the gender of the users, age groups, 
level of education, categories of use of bamboo, etc., for focus groups, 
interviews, and observations of each person surveyed were noted.

Bamboo Biophysical and Biomass Estimation Data Collection
Within each clump, parameters such as the circumference of each culm 
at 150 cm from the ground (Figure 2) and the height (H in m) of the 
bamboo culm were measured, and the number of culms per bamboo 
clump was counted. Allometric equations using data from the destruc-
tive method were developed and used to evaluate the biomass of all 
12 measured clumps. To do this, 30 bamboo culms were taken from 
the 12 measured clumps. Each bamboo stubble was cut flush with the 
ground using the saw cut to facilitate transport. These samples were 
grouped into different compartments (trunks, leafless branches, and 

leaves), then packaged in 50 kg bags, and labeled (INBAR, 2018). At the 
same time, the sheets were also packaged and labeled in A4 envelopes. 
They were then transported to the Laboratory of Systematic Botany 
and Ecology of the Higher Teacher’s Training College of the University 
of Yaoundé I, where they were dried in an oven at 105°C until a con-
stant dry weight was obtained. The sum of the dry biomass of the three 
compartments for each stem gives the total aboveground biomass of 
the culm. The aboveground biomass data of the bamboo culm as well 
as the dendrometric parameters (circumference and height) were used 
to establish allometric equations and estimate the biomass of bam-
boo. The best model was used to estimate bamboo biomass in the 
study area.

Data Analysis

Determination of the Sociodemographic Profile of Respondents 
and the Use of Bamboo
At the end of the surveys carried out in the localities of Ballong II and 
Ekali I, socioeconomic data collected in 150 files were processed using 
the Excel software. Descriptive statistics were performed on the socio-
economic profile of respondents and highlighted the different catego-
ries of bamboo use in the localities.

Modeling Allometric Equations for the Prediction of Height and 
Stem Biomass of Bambusa vulgaris
The diameter and height data of the bamboo were used to establish lin-
ear regressions between them. The logarithmic linear model has been 
considered for this purpose. Furthermore, for predicting the biomass 
of B. vulgaris stems, the diameter (D) and the height (H), or a combina-
tion of “D2H,” were used as predictors. Logarithmic and power models 
have been tested. The response variable was aboveground bamboo 
biomass. The selection of predictors for each model shapes for bamboo 
biomass is consistent with the existing literature (Isagi et al., 1997; Yuen 
et al., 2017), which confirms the use of the power shape with a predic-
tor as the diameter to estimate the biomass of bamboo according to Li 
et al. (2016). The variables diameter and height are used to estimate the 
biomass of certain bamboo species.

However, most bamboo biomass models used diameter as the only pre-
dictor because it is both inexpensive and easy to measure. This is why, in 
the context of this study, different models combining different predic-
tors and models with diameter as the only predictor to be applied when 
the other predictors are not available have been developed. Therefore, 
for this study, the various models below were tested:

 B a bx D B a bx D� � � � � �ln ln  (1)

 ln lnB a bx H� � � �  (2)

 ln ln lnB a bx D cx H� � � � � � �  (3)

where B = biomass in kg; D = tree diameter in cm; H = height of the tree 
in m; a, b, and c are the coefficients.

The models are compared in pairs based on additional tests carried out 
for each model, namely: the residual standard error (RSE), the adjusted 
coefficient of determination (R²Adj), and the Akaike information cri-
terion (AIC). Thus, this best model was chosen to estimate the total 
aboveground biomass of bamboo per hectare by the non-destructive 
method. Biomass data were estimated per hectare.

Figure 2. 
Cluster sampling for very dense culm bamboo (INBAR, 2019).
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Estimation of the Structural Parameters and the Biomass of 
Bamboo Culms
From the average distance between the bamboo tufts, the following 
structural parameters were evaluated:
• The number of clumps per hectare was determined by the ratio of 

the surface area per hectare to the average distance between the 
clumps per hectare by applying the formula below:

 
10000

2Average distance

• The density of culms per hectare represented the number of culms 
per tuft multiplied by the number of tufts per hectare.

• The average diameter and the average height represented the aver-
age diameter and height of the culms for a given tuft, respectively.

In addition, the biomass of culms was evaluated using the specific 
equation defined in this study. Then, the average biomass of a culm per 
hectare is obtained by multiplying the average biomass by the number 
of clumps per hectare.

Statistical Analysis
Differences between localities were analyzed according to structural 
data using the Welch two-sample t test and the Kruskal–Wallis test 
when the data did not meet assumptions of normality. The assump-
tion of normality was tested using the Shapiro–Wilk test (Fox, 2005). All 
values of p ˂ .05 are reported as significant.

Results

Sociodemographic Profile of Actors and Categories of Bamboo 
Use
Distribution of Respondents by Gender And Age
Socioeconomic surveys in the study area (Ballong II and Ekali I) were 
carried out on 150 people, of whom 138 were men (92%) and 12 were 
women (8%). Overall, the analysis of sociodemographic data reveals 
that 73% of individuals in the age group of 20–30 years old are the most 
involved in the utilization of bamboo because of the labor required to 
realize the tasks. This age group is followed by 30–40 years.

The analysis of respondents according to age groups working in the 
bamboo sector reveals that men constitute almost all people in age 
groups (10–20), (20–30), and (40–50), and a minority for the age group 
of (30–40). Among women, the greatest number is recorded between 
the age groups of 30 and 40 years, which is 33.33%.

Regarding the contribution by locality, we note that men in the age 
group of 20–30 years represent 41% of all people involved in the utiliza-
tion of bamboo. Men follow these in the same age group in the locality 
of Ekali I, with a proportion of 27%. The age group of 30–40 years comes 
in the second place with 14% of the total respondents. This 14% is made 
up mainly of men from the locality of Ekali I (7%), followed by those 
from the locality of Ballong II (4%).

Distribution of Respondents According to a Level of Education
The survey results show that 100% of people involved in the utilization 
of bamboo have at least the primary level, or 85.33%, and at most the 
secondary level, or 14.67%. Moreover, men represent 92%, with 77.13% 
for the primary level and 14.67% for the secondary level.

The locality of Ballong II has the highest percentage (43%) of men who 
have attended primary school, against 34% for those in the locality of 
Ekali I. On the other hand, concerning the secondary education level, 
the percentage of men is higher in the locality of Ekali I (11%) compared 
to 4% in the locality of Ballong II. In both localities, 8% of women who 
have only completed primary school are divided into 5% for the locality 
of Ekali I and 3% for the locality of Ballong II.

Distribution of Respondents According to Categories of 
Bamboo Use
The survey results reveal that 39% of respondents use bamboo thatch 
for energy, 31% for commercial, and 27% for artisanal purposes 
(Figure 3). Uses for cultural and medicinal purposes are a minority in 
both localities. The proportion of women involved in exploiting bam-
boo does so primarily for energy purposes (7%), while the remaining 1% 
do so for commercial purposes (Figure 3).

Moreover, the use of bamboo varies according to the locality (Figure 4). 
Indeed, in the locality of Ekali I, men prefer to exploit bamboo for arti-
sanal purposes, while in the locality of Ballong II, they prefer to exploit 

Figure 3. 
Distribution of respondents according to types of bamboo used.



Forestist 2023
Fobane et al. Diversity, Non Timber Forest Product, Carbon Storage

bamboo for energy and commercial purposes. For a specific purpose, 
women have the same preference, namely using bamboo for energy 
purposes (Figure 4).

Furthermore, the use for artisanal purposes results in several products: 
beds, interior linings (walls and ceilings), furniture, rafts, flutes, cup-
boards, goblets, various utensils, and many arts and crafts.

Regression Equations
Diameter–Height Regression Equations of Bambusa vulgaris
Weak relations were observed between the diameter and height of 
the bamboo. Logarithmic transformation improved the goodness of fit 

(Table 1). In this study, the chosen model is H ea bx D� � ln .

Allometric Equations for Aboveground Biomass Estimation
The results highlight the logarithmic and non-logarithmic linear rela-
tionship between the diameter and bamboo biomass (Figure 5). 

Linear allometric equations for estimating the biomass of bamboo 
with the developed diameter and height as variables are presented 
in Table 2. The low value of the adjusted coefficient of determination 
was obtained for the models that only considered the diameter as a 
predictor variable (R²Adj = 0.321), compared to that related to the pres-
ent height where the R2Adj = 0.528. However, the consideration of two 
variables in the model improved the quality of the adjustment. Thus, 

the B e
x D xH

�
� � � �2 42 0 58 2. . ln

 equation was the best allometric equation 
for the prediction of the aboveground biomass of B. vulgaris in the study 
area if we stick to the values of the additional tests (R²Adj (0.749), RSE 
(0.349), and AIC (27)) performed (Table 2).

Stand Structure and Biomass of Bambusa vulgaris
Stand Structure of Bambusa vulgaris
The average density of B. vulgaris stands in the two localities is 4733.67 
culms ha–1 with an average number of culms of 96 per hectare. The 
average diameter of the culms is 8.11 cm for an average height of 12.11 
m (Table 3). Taken separately, the locality of Ballong II, although pre-
senting the best structural parameters, presents a highly significant 
difference only for the variable number of culms sampled per hectare 

(p = .037). For the other parameters, no significant difference (p > .20) 
was observed between the two localities. However, the locality of 
Ballong II has 120 tufts ha–1, an average density of 5720 stems/ha, an 
average diameter of 9.46 cm, and an average height of 12.61 m. While 
the locality of Ekali I has 73 tufts/ha, an average density of 3747 stems 
ha–1, an average culm diameter of 6.76 cm, and an average height of 
11.61 m (Table 3).

Stand Biomass Stock of Bambusa vulgaris

Using the equation B e
x D xH

�
� � � �2 42 0 58 2. . ln

, the biomass of B. vulgaris 
stands is estimated on average at 24.66 ± 21.50 kg ha–1 with a coef-
ficient of variation of 1.19%. The Shapiro–Wilk normality test shows that 
the distribution of the biomass of the twelve clumps does not follow 
a normal law (w = 0.48; p < .001) and is partly due to the distribution 
within the clumps from the locality of Ballong II. Indeed, the locality of 
Ballong II presents an average quantity of biomass of 36.02 ± 25.50 kg 
ha–1, which is significantly higher (p = .016; Kruskal–Wallis test) than the 
value of 13.31 ± 3.18 kg ha–1 obtained in the locality of Ekali I.

Discussion

The socioeconomic surveys carried out in Ekali I and Ballong II on a sam-
ple of 150 people made it possible to question 103 men, i.e., 93.63% of 
the people questioned. Most were between 20 and 30 years old. We 
find the same characteristics in Ghana (Obiri & Oteng-Amoako, 2007), 
in Ivory Coast (Dje et al., 2017), and in Bangladesh (Mukul & Rana, 2013). 
Indeed, the exploitation of bamboo is not the main activity of the 
respondents. The young people of these study sites own the various 
farms and exploit bamboo as a complementary activity. A similar atti-
tude toward rural populations has been observed with the populations 
of Azaguié in Côte d’Ivoire, as described by Bi et al. (2020).

Furthermore, they are more involved in food crop agriculture and fish-
ing. These same observations were made by Bi and Kouakou (2004) 
for the rattan sector. This means that the utilization of NTFPs, such as 
bamboo and rattan, is an activity that generates additional income for 
rural communities. There is no ownership for bamboo stands in the two 
study sites; the stands are open assess, and no peasant owns a bamboo 

Figure 4. 
Distribution of respondents according to types of bamboo used by locality.
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plantation similarly as in China. However, in the locality of Ballong II, 
most farmers see bamboo as a harmful weed for the development of 
their crops. Although they recognize the importance of this resource, 
they nevertheless prefer to get rid of it in their plantations due to its 
invasiveness by eliminating all surrounding vegetation (Dje et al., 2017).

In the category of uses, 39% of the respondents in the two localities use 
bamboo as wood energy. In fact, for the respondents, bamboo replaces 
firewood, which is becoming scarce in the two villages. They believe it 
is more efficient than firewood because of its brighter flames. In these 
villages, it is used for more efficient cooking energy; for example, the 
cooking of large quantities of cassava sticks requires more time in the 

firewood, but the use of very dry bamboo is more and more used for 
this purpose. Women in the two localities prefer to use bamboo in 
the kitchen because they no longer want to spend a lot of time in the 
kitchen cooking. There is no customary law on bamboo utilization; it 
is an informal sector with the different actors not grouped into coop-
eratives or associations to organize the value chain. Anyone from the 
community can exploit bamboo for any purpose. This harvest is not 
quantified insofar as everyone cuts the poles according to their needs.

The results reveal that 31% of the respondents are engaged in the bam-
boo market by selling it to people who want to use it for construction. 
Bamboo is very important for the scaffolding of houses, given that its 

Table 1. 
Diameter–Height Regression Equations

Models a b R² Adj RSE AIC CF p

H = a + b × D 12.378*** 0,05 −0.634 2.03 131.55 - .818

ln(H) = a + b × ln(D) 2.557*** −0.012ns −0.655 0.167 −18.34 0.013 .048

Note: AIC, Akaike information criterion; CF, correction factor; D, culm diameter; H, height; R²Adj, adjusted coefficient of determination; RSE, residual standard 
error;***p < 0.001; ** p< 0.01; * p <0.05nsNon-significant.

Figure 5. 
Relationship between bamboo aboveground biomass and stem diameter with and without logarithmic transformation.

Table 2. 
Allometric Equations for Estimating the Aboveground Biomass of Bambusa vulgaris

Equations D (cm) a b c RSE R2 Adj AIC CF p

B = a + b × D 2.1–11.5 7.09ns 2.275* — 9.551 0.321 224 — .033

lnB = a + b × ln(D) 2.1–11.5 1.98** 0.56ns — 0.448 0.394 41 0.10 .055

lnB = a + b × ln(H) 2.1–11.5 −1.22ns 1.70*** — 0.385 0.528 32 0.07 .000

lnB = a + b × ln(D² × H) 2.1–11.5 −2.42* 0.58* 1.72*** 0.349 0.749 27 0.06 .000

Note: Statistical analyses are significant at 95% confidence interval.AIC = Akaike information criterion; Adj.R² = coefficient of determination; B = aboveground bio-
mass of the bamboo stem; CF = correction factor; D = rod diameter; H = total height of the stem; RSE = residual standard error of the model; a, b, c = coefficients of 
the model. 
***p < .001.**p < .01.*p < .05.nsnon-significant p > .05.
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resistance replaces wood and iron. This may result in manufacturers 
making significant savings. This observation was also made by Dje et al. 
(2017). Definitely, the income generated by exploiting bamboo consti-
tutes an additional contribution to the household’s income portfolio. 
Regarding the management of the resource, they show no interest. The 
proof is that throughout the year, they can cut the bamboo; they do not 
imagine that this resource can end. This is probably why no traditional 
system of long-term management of bamboo resources exists in the 
study area, and this phenomenon is widespread in Africa (Sunderland, 
2001). Farmers believe that bamboo is present all year round because 
they still use it at domestic levels compared to those with access to 
urban markets and are aware of sustainability issues.

Allometric models are important for estimating the volume, biomass, 
and carbon storage of standing plant species (Singnar et al., 2017). In 
the study, the D of bamboo culms as a predictor of biomass and C stor-
age yielded coefficient of determination (R2) values ranging from 0.321 
to 0.394, indicating the low quality of the predictive power of D. This 
could be due to the small sample size. Unlike other studies reporting a 
high quality of the predictive power of D with R2 = 0.720–0.836 (Singnar 
et al., 2017). The use of D to predict the volume and biomass of standing 
trees and bamboo is common and is faster, less demanding, and more 
reliable (Amoah et al., 2020; Darabant et al., 2014; Sohel et al., 2015).

However, due to the strong correlation between the diameter and 
height of standing trees and bamboo (Yen, 2015), including height in 
addition to diameter as a predictor of biomass improves the utility of 
the model (Singnar et al., 2017; Yen, 2015). Undeniably, in the study, allo-
metric functions using a power equation based on diameter and height 

best describe culm biomass. Indeed, the equation B e
x D xH

�
� � � �2 42 0 58 2. . ln

 
obtained in the present study gives fits comparable to those of allome-
tric power functions of the stubble biomass of B. vulgaris obtained in 
other regions (Amoah et al., 2020; Darabant et al., 2014). Furthermore, 
the equation B = 11.403 + 0.0006 (D2H) with r2 = 0.88 was obtained in 
plantations of B. vulgaris in degraded tropical forests in Bangladesh.

Our study showed that the density of bamboo stands was 4734 stubble 
ha–1. In fact, in the Bobiri Forest Reserve in Ghana, where harvesting 
bamboo for commercial purposes is prohibited, a much higher stubble 
density is 7171 stubble ha–1 (Amoah et al., 2020). Compared to this study, 
a much lower stubble density of 2933.33 stubble ha–1 was obtained in 
B. vulgaris plantations in degraded tropical forests in Bangladesh (Sohel 
et al., 2015). A density of 3400 to 4722 culms ha–1 has also been recorded 
for Moso bamboo (Phyllostachys pubescens) from China (Xu et al., 2018); 
3968 culms ha–1 (Zhang et al., 2014); and 5222 culms ha–1 (Inoue et al., 

2018) for the same Phyllostachys pubescens, respectively, from China 
and Japan; and a density of 12,650 culms ha–1 to 36900 culms ha–1 for 
Yushania alpina Bamboo in Kenya (Muchiri & Muga, 2013). All these ele-
ments seem to indicate and confirm the assertion of Liu et al. (2016) and 
Yen, 2015 that the density of bamboo depends on the size and diam-
eter of the culms, the species, and the differences in the management 
practices of the silvicultural plantations applied by different countries.

The average aboveground biomass of 24.66 t ha–1 obtained in this study 
for B. vulgaris is much lower than the value of 115 t ha–1 obtained in the 
Bobiri forest reserve in Ghana (Amoah et al., 2020). It is also lower than 
the values of 97.8 t ha–1 of B. vulgaris obtained in Bangladesh (Sohel 
et  al., 2015) and 53.42 t ha–1 of B. vulgaris obtained in Uttar Pradesh 
(Pathak et al., 2015). The biomass value obtained for B. vulgaris in the 
present study is much lower than the estimated biomass results for 
other species. In Uttar Pradesh, the value of 104.7 t ha–1 is recorded for 
the biomass of Bambusa balcooa (Pathak et al., 2015); the value of 126 t 
ha–1 is reported for Bambusa tuldain in India (Majumdar et al., 2016); and 
41.82 t ha–1 for Bambusa nutan from Uttar Pradesh (Pathak et al., 2015).

Conclusion

The study on the ecosystem services rendered to the society by B. vul-
garis was carried out in the localities of Ballong II (Batchenga) and Ekali 
I (Mfou) in the Center Region of Cameroon. The results of the surveys 
showed that men are the most significant users of bamboo in these 
localities followed by young people with primary education. This leads 
us to believe that they can receive training to popularize this sector of 
activity, which remains in the informal sector. Concerning the supply 
services, the populations use it as firewood or cooking wood instead 
of lignified wood species. Regarding cultural services, bamboo is used 
to decorate art objects, kitchen utensils, etc. Bamboo, by its rapid 
growth and maturation after 3 years, as a regulating service, contrib-
utes to the fight against global warming through its potential carbon 
sequestration. The diameter of the bamboo culm accurately predicted 
the biomass of B. vulgaris. However, the allometric models D2×H pre-
dicted the biomass of bamboo culms better. All the models developed 
have a fairly good predictive capacity concerning the small differences 
observed between the values observed and those predicted. The 
established allometric models can be used to estimate the biomass of 
B. vulgaris by component under similar environmental conditions. The 
average stand density of B. vulgaris in both localities is 4733.67 culms 
ha–1, with an average number of clumps of 96 ha–1. The Ballong II local-
ity has higher structural parameters than Ekali, with 120 clumps ha–1, 
an average density of 5720 stems ha–1, an average diameter of 9.46 cm, 
and an average height of 12.61 m. The biomass of Bambusa. vulgaris 
stands estimated to average 24.66 ± 21.50 kg ha–1, with a coefficient of 
variation of 1.19%. Because of the pressure on this species and its role in 
climate regulation, it is urgent to think of a robust policy for its develop-
ment and conservation.

This work should be extended to other regions of Cameroon to deter-
mine the socioeconomic profile and type of use of the B. vulgaris spe-
cies and its contribution to the improvement of the living conditions 
of the populations, and to develop regression equations for estimating 
the biomass of B. vulgaris.
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Table 3. 
Structural Parameters of Stands of Bambusa vulgaris

Parameters
Stems/
Clump

The Density 
of Bamboo 
Culms ha–1

Average 
Diameter 

(cm)
Average 

Height (m)

Ballong II 47.67 ± 
15.00a

5720.00 ± 
1800.27a

9.46 ± 7.07a 12.61 ± 
0.004a

Ekali I 51.33 ± 
11.88a

3747.33 ± 
867.03b

6.76 ± 0.85a 11.61 ± 0.01a

Mean 49.50 ± 13.04 4733.67 ± 
1695.92

8.11 ± 5.00 12.11 ± 0.01

Note: Different letters indicate a significant difference in the same column fol-
lowing the Kruskal–Wallis test.
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