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RÉSUMÉ

Impacts des types d’utilisation des terres 
sur Boswellia dalzielii Hutch., arbre à encens 
africain au Burkina Faso

Boswellia dalzielii Hutch., arbre à encens 
africain, est une essence aromatique et 
médicinale de grande importance socio-éco-
nomique. Elle est actuellement menacée par 
une exploitation incontrôlée qui nécessite des 
mesures pour assurer sa gestion durable. La 
présente étude a mené une évaluation de la 
structure des peuplements naturels et de leur 
régénération selon trois types d’utilisation 
des terres au Burkina Faso : zones boisées, 
jachères et champs. L’étude a mis en place 60, 
50 et 50 parcelles de 50 m × 20 m, respecti-
vement dans des zones boisées, des jachères 
et des champs, afin d’y étudier la densité 
d’arbres adultes (dhp ≥ 5 cm), leur diamètre à 
hauteur de poitrine (dhp), la hauteur totale et 
leur état sanitaire. Des données ont également 
été recueillies sur la régénération : densité 
(dhp < 5 cm), source (semis naturel, drageon, 
rejet de souche), hauteur totale et diamètre 
au collet. Les résultats montrent une hauteur 
totale similaire (7,0 m-9,0 m) mais un dhp signi-
ficativement moindre (p < 0,05) dans les zones 
boisées (moyenne ± SD : 20,5 ± 0,49 cm) et les 
jachères (29,3 ± 0,64 cm) que dans les terres 
agricoles (32,8  ±  0,15  cm). La densité des 
arbres adultes (arbres/ha) était 1,3 et 2,7 fois 
plus élevée en zone boisée (82,37 ± 6,57) que 
dans les jachères (62,00 ± 3,98) et les terres 
agricoles (30,02  ±  1,63). La densité de la 
régénération en zone boisée était 28 et 6 fois 
supérieure à celle dans les jachères et les 
terres agricoles, respectivement. La majorité 
(> 50 %) de la régénération était issue de dra-
geons, aucune régénération par semis n’a été 
trouvée dans les terres agricoles. La courbe 
de distribution des arbres selon les classes 
de diamètre était en forme de J renversé pour 
les zones boisées, en cloche pour les zones 
agricoles et en asymétrie positive pour les 
jachères, ce qui indique des goulets d’étran-
glement dans le recrutement. Parmi les sujets 
rencontrés, 80,18  % étaient en mauvais état 
sanitaire. Les principales menaces pour cette 
essence sont l’écorçage intensif et les coupes, 
sans qu’aucune stratégie de conservation 
ne soit en place dans la zone d’étude. Nous 
avons proposé des mesures visant à réduire 
l’intensité de l’écorçage et des coupes, qui 
devraient contribuer à une meilleure gestion 
de cette essence.

Mots-clés : pression anthropique, Boswellia 
dalzielii, conservation, structure des 
peuplements, Burkina Faso.

ABSTRACT

Land use impacts on Boswellia dalzielii 
Hutch., an African frankincense tree in 
Burkina Faso

Boswellia dalzielii Hutch., an African 
frankincense tree, is a socio-economically 
important aromatic and medicinal tree. It is 
currently threatened by uncontrolled exploita-
tion, and therefore requires action to ensure 
its sustainable management. This study 
assessed the population structure and rege-
neration of its natural stands across three 
land use types in Burkina Faso: woodlands, 
fallows and farmlands. Sixty, fifty and fifty 
50  m  ×  20  m plots were established respec-
tively in woodlands, fallows, and farmlands. 
All the plots were surveyed for adult tree 
(dbh  ≥  5  cm) density, dbh, total height and 
health conditions. Data on regeneration 
density (dbh  <  5  cm), source (generative, 
stem sprouts, suckers), total height and col-
lar diameter were also collected. The results 
show similar total tree heights (7.0 m-9.0 m) 
but significantly (p < 0.05) smaller tree dbh in 
woodlands (mean ± SD: 20.5 ± 0.49 cm) and 
fallows (29.3  ±  0.64  cm) than in farmlands 
(32.8 ± 0.15 cm). Adult tree density (trees/ha) 
was  1.3 and  2.7  times higher in woodlands 
(82.37 ± 6.57) than in fallows (62.00 ± 3.98) 
and farmlands (30.02  ±  1.63), respectively. 
The density of regeneration in woodlands was 
28 and 6 times higher than in fallows and far-
mlands, respectively. The majority (> 50%) of 
regenerating plants were suckers and no see-
dling regeneration was found in farmlands. 
The distribution of trees in diameter classes 
was inverted J-shaped in woodlands, bell-
shaped in farmlands and positive asymmetric 
in fallows, indicating recruitment bottlenecks. 
We found that 80.18% of individuals encoun-
tered were unhealthy. Intensive debarking 
and cutting were the main threats to the spe-
cies and no conservation strategy was in place 
in the study region. We suggest measures to 
reduce intensive debarking and cutting, which 
should contribute to better management of 
the species.

Keywords: anthropogenic pressure, Boswellia 
dalzielii, conservation, population structure, 
Burkina Faso.

RESUMEN

Impactos del uso de la tierra en Boswellia 
dalzielii Hutch., un árbol de incienso africano 
en Burkina Faso

La Boswellia dalzielii Hutch., olíbano africano, 
es un árbol aromático y medicinal con impor-
tancia socioeconómica. Actualmente está 
amenazado por una explotación incontrolada, 
por lo que es necesario actuar para garantizar 
su gestión sostenible. Este estudio evaluó la 
estructura de la población y la regeneración de 
sus masas naturales en tres tipos de uso del 
suelo en Burkina Faso: bosques, barbechos 
y tierras de cultivo. Se establecieron sesenta, 
cincuenta y cincuenta parcelas de 50 m × 20 m 
respectivamente en bosques, barbechos, y tie-
rras de cultivo. En todas las parcelas se realizó 
un estudio sobre la densidad de árboles adultos 
(dbh ≥ 5 cm), el dbh, la altura total y el estado 
de salud. También se recogieron datos sobre 
la densidad de regeneración (dbh  <  5  cm), el 
origen (generativo, brotes del fuste, chupo-
nes), la altura total y el diámetro del cuello. 
Los resultados muestran alturas totales de los 
árboles similares (7,0-9,0 m), pero un dbh de 
los árboles significativamente menor (p < 0,05) 
en los bosques (media ± DE: 20,5 ± 0,49 cm) y 
en los barbechos (29,3 ± 0,64 cm) que en las 
tierras de cultivo (32,8  ±  0,15  cm). La densi-
dad de árboles adultos (árboles/ha) fue 1,3 y 
2,7 veces mayor en los bosques (82,37 ± 6,57) 
que en los barbechos (62,00 ± 3,98) y las tierras 
de cultivo (30,02 ± 1,63), respectivamente. La 
densidad de regeneración en los bosques fue 
28 y 6 veces mayor que en los barbechos y las 
tierras de cultivo, respectivamente. La mayoría 
(> 50 %) de las plantas que se regeneraban eran 
chupones y no se encontró regeneración por 
semillas en las tierras de cultivo. La distribu-
ción de los árboles en clases diamétricas tenía 
forma de J en los bosques, de campana en las 
tierras de cultivo y de asimetría positiva en los 
barbechos, lo que indica la existencia de cue-
llos de botella en el reclutamiento. Se constató 
que el 80,18 % de los individuos encontrados 
no estaban sanos. El descortezamiento y la tala 
intensivos son las principales amenazas para 
la especie, y no existe ninguna estrategia de 
conservación en la región estudiada. Sugeri-
mos medidas para reducir el descortezamiento 
y la tala intensivos, lo que debería contribuir a 
una mejor gestión de la especie.

Palabras clave: presión antropogénica, 
Boswellia dalzielii, conservación, estructura 
de la población, Burkina Faso.

P. Sabo, A. Ouédraogo, D. S. J. C. Gbemavo,  
K. V. Salako, R. Glèlè Kakaï
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Introduction

Local people commonly harvest fruits, leaves, flowers, 
roots, wood, bark and others products from trees for their 
livelihoods (Gouwakinnou et al., 2011). This can lead to an 
overexploitation of trees with either single or multiple uses, 
putting the populations of these species in a regressive 
dynamic. Threatened populations are characterized either 
by scarcity, or the absence of small individuals or the decline 
of breeding trees (Ouédraogo et al., 2006). 

Among the important forest resources used in Burkina 
Faso is Boswellia dalzielii Hutch., an African frankincense tree. 
The species is widespread in the Sahelo-Sudanian savannahs 
(Arbonnier, 2000), from northern Cameroon to southern Mali, 
with populations concentrated in Nigeria, Cameroon, Benin, 
Togo, Ghana, and Burkina Faso (DeCarlo et al., 2019). 

Boswellia dalzielii is a plant with high medicinal value 
in Burkina Faso (Ouédraogo  et al., 2006). Its trunk bark 
decoction is used to treat a plethora of health conditions in 
both humans and cattle including fever, rheumatism, gas-
trointestinal disorders (Nacoulma-Ouédraogo, 1996; Oué-
draogo et al., 2006). The resins extracted from frankincense 
trees have been traded at local and international markets for 
thousands of years (Groom, 1981). They are used for tradi-
tional medicine, incense, or industrial purposes (Nussino-
vitch, 2010). Resin has been and is still used for religious 
rituals and the traditional coffee ceremony, as well as for 
yielding volatile oils, which are used in perfumery industry 
(Leminih and Teketay, 2003). 

Despite its widely recognized sociocultural and medi-
cinal potentials, little information is available on the B. dal-
zielii species populations’ status in its occurrence regions, 
particularly in Burkina Faso. Ouédraogo  et al. (2006) and 
Ouédraogo and Thiombiano (2012) have examined the 
pattern of its natural regeneration in eastern Burkina Faso 
and its abilities of ex-situ reproduction by seeds. While it 
is important to know the status of the species and threats, 
how exploitation of trees by local people affects the species 
population is still unclear. Such information is a baseline to 
engage in a sustainable utilization of the species products 
and services. Lack of such information is currently hindering 
the development of conservation strategies and manage-
ment plans but also a great threat to the species (Bellefon-
taine et al., 2000).

One of the manifestations of human disturbances on 
nature, is the change in land uses. Natural vegetation, namely 
savannahs/woodlands are often burned and converted into 
farmlands, resulting in a mosaic of landscapes including 
natural vegetation, farmlands and fallows (Idohou  et al., 
2016). Understanding how these changes in land use affect 
the species conditions is essential in designing land use spe-
cific recommendations for species management. 

Several authors found in East Africa (Ethiopia, Eritrea 
and Sudan) woodlands that Boswellia species have uns-
table structures (Ogbazghi et al., 2006; Abiyu et al., 2010; 
Abtew et al., 2012). Bongers  et al. (2019) concluded that 
Boswellia papyrifera populations are declining. In Came-
roon, Kémeuzé et al. (2012) showed that Boswellia dalzielii 
populations are threatened. In Burkina Faso, Ouédraogo et 
al. (2006) and Thiombiano  et al. (2012) also showed that 
Boswellia dalzielii populations are threatened by debarking.

The Boucle du Mouhoun region in Burkina Faso benefits 
from suitable natural conditions that have made it an agri-
cultural production region and it has attracted many immi-
grants, mainly Mossi from more densely populated regions 
of the country where soils have been impoverished and ero-
ded. The agricultural pressure leads to a rapid conversion of 
natural savannahs and woodlands into farmlands, resulting 
in habitat fragmentation and biodiversity loss (Clerici et al., 
2007). The negative influence of agricultural land on tree 
stand and their population structure is linked to improper 
traditional agriculture practices. Vegetation is often cleared 
and burned extensively for cropping. As a result, seedlings 
for regeneration rarely occur and persist in these systems. 
Several authors have reported that individuals of some 
agroforestry tree species in younger stages are less nume-
rous in agricultural lands than in unexploited savannahs/
woodlands, where younger individuals are more numerous 
(Schumann  et al., 2011; Idohou  et al., 2016). Meanwhile, 
mature trees drop fruit on the ground, which could allow see-
dling recruitment. The use of fire for land preparation repre-
sents a permanent threat to seedlings recruitment on agri-
cultural land, in addition to frequent field clean-ups, and the 
requirement to have a low density of trees to reduce the com-
petition with crops. However, some adult trees (e.g., usually 
large and tall ones) are intentionally preserved because of 
the provision of goods and services like in agroforestry sys-
tems (Djossa  et al., 2008). Thus, knowledge of structural 
parameters in the context of land use is an essential ecologi-
cal requirement to measure the level of use and health of the 
resources in its biotope (Schumann et al., 2011). 

The main objective of this study was to assess the cur-
rent state of B. dalzielii natural stands across three land use 
types, namely woodlands, fallows, and farmlands. Speci-
fically, the study aims to (i) document the current state of 
B. dalzielii, (ii) investigate land-use activities affecting B. 
dalzielii, (iii) assess the impact of human activities on the 
regeneration of B. dalzielii, and (iv) assess the harvesting 
intensity and visible damages on the Frankincense trees. 

Methods

Study area

This study was carried out in the Boucle du Mou-
houn Region (figure  1) located in northwestern Burkina 
Faso (11°27’ - 13°42’ N and 02°27’ - 04°48’ E). It covers 
34,497  km² area representing 12.6 % of the total surface 
area of Burkina Faso. The Boucle du Mouhoun is divided into 
six administrative provinces: Balé, Banwa, Kossi, Mouhoun, 
Nayala and Sourou. Three major sociolinguistic groups 
dominate the region: Bwaba, Samo and Dafing (RGPH, 
2008). The vegetation of the Boucle du Mouhoun shows in 
its northern part (South Sahel sector), a gradient from shrub 
steppe to tree-lined steppe and in the south, to savannah. 
In the center (northern Sudanese sector), shrubby and tree-
lined savannah dominate. Finally, in the south (southern 
Sudanese sector), woodlands with gallery forests were 
noticed along the rivers. The mean annual rainfall ranges 
between 500 and 1,000 mm and average monthly tempera-
tures range from 23 °C in January to 39 °C in April.



Study species

Boswellia dalzielii Hutch. (Burceraceae), also known as 
Frankincense is a medium sized (height 8-15  m) tree with 
rounded and clear crown, remarkable in the dry season by 
its yellowish bole (photos 1 & 2). In the study region, trees 
reached maximum height of 19 m, and a maximum diameter 
at breast height (dbh) of 77.39 cm. B. dalzielii grows in Suda-
no-Sahelian savannahs with a very marked long dry season 
(Onana, 1998). The species is often gregarious and grows 
preferentially on granitic or lateritic scree (Ouédraogo et al., 
2006). B. dalzielii is native to the tropical regions of Africa 
(Arbonnier, 2000). It occurs from Côte d’Ivoire to Central 
Africa (Arbonnier, 2000). The largest populations are found 
in Burkina Faso, Nigeria and Mali (Emmanuel  and Adediji, 
2015; DeCarlo et al., 2019). In Burkina Faso, B. dalzielii is 
found from the southern Sahel to southern Sudan (Oué-
draogo et al., 2006). In their natural distribution range, trees 
of the species are threatened because of their overexploi-
tation (Ouédraogo et al., 2006). The life cycle of B. dalzielii 
can be split into seedlings, juvenile trees and adult trees. 
Seedlings are all individuals with dbh less than 2 cm, indi-
viduals between 2-5 cm dbh are considered juvenile while 
individuals > 5 cm dbh are classified as adults. 

Sampling design and data collection 

The study area was first explored based on the vege-
tation and soil map and information from the local popula-
tions to confirm the presence of the species. The number 
N of plots considered per land use type, was computed as 
follows (Dagnelie, 1998):

In this equation, t
1-α / 2

 is the critical value of the t-distri-
bution that converges to the Normal distribution for larger 
samples (N > 30) and equals to 2.04 for a probability value 
1-α / 2 (α = 0.05); CV is the coefficient of variation of basal 
area of B. dalzielii taken as 61.86% (determined in a pre-in-
ventory of 30 plots); d is the marginal error of the estimation 
of dendrometric parameters (d = 10%). In total, 160 plots of 
50 m × 20 m were randomly established: 50 in farmlands, 
50 in fallows and 60 in woodlands, representing human dis-
turbance gradient.

Within each plot, size variables namely dbh and total 
height were measured on all B. dalzielii adult individuals 
(dbh ≥ 5 cm). In addition to the dendrometric parameters, 
the health status (healthy – individuals without indices of 
human exploitation, moderately unhealthy – tree partially 
damaged and still alive, severely unhealthy – tree severely 
debarked, logged – tree cut down) of individuals and indices 
of human activities on individuals were recorded. Within 
each plot, five quadrat-subplots of 5 m × 5 m were installed 
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Figure 1.
Map showing the study area.
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in the four corners and in the center to count and measure 
total height and the collar diameter of seedlings and juve-
niles. In addition, for each seedling and juvenile, the mecha-
nism of regeneration either from seed, sucker or stem sprout 
was determined by excavation. 

Data analysis

Assessing effect of land use on dendrometric 
characteristics and density of trees and regenerations  
of Boswellia dalzielii

One-way analysis of variance (ANOVA) (Zar, 1999) was 
applied on mean diameter, basal area and mean height 
(table I) to assess impacts of land use types on size charac-
teristics of B. dalzielii. Assumptions for ANOVA namely nor-
mality and equality of populations’ variances were checked 
before using Ryan-Joiner and Levene tests respectively. When 
significant land use effect is detected, the Student-Newman 
and Keuls test was applied to classify the land-use types 
according to their mean values for each size characteristic. 
Densities of adults, juveniles and seedlings (table  I) were 
compared using generalized linear models with Poisson error 
distribution. All these analyses were performed in the R sta-
tistical package version 3.5.1 (R Core Team, 2018).

Assessing land use impacts on trees and regeneration  
size class distribution

Tree diameter values were arranged in 5  cm classes 
and observed class-wise densities (d

i
) were calculated as in 

the equation below (Bonou et al., 2009):

where d
i
 is the tree density of class i, n

i
 is the number of indi-

viduals in class i, S
p
 and N

p
 are plot size in ha (i.e. 0.1 ha) and 

the total number of plots per land use, respectively. 

The observed size class distributions (based on d
i
) 

were adjusted to the Weibull three-parameter distribution. 
The probability density function (Johnson and Kotz, 1970) of 
this distribution is:

where x is the tree diameter; a (threshold parameter) = 5 cm; 
b is the scale parameter linked to the central value of diame-
ters and heights; c is the shape parameter of the structure. 
Observed data were used to estimate parameters b and c 
based on the maximum likelihood method. These values 
were used to establish the theoretical distribution following 
Glèlè Kakaï et al. (2016). Log-linear analysis was performed 
in SAS (2006) to test the adequacy of the observed structure 
to the Weibull distribution. 

Regenerations individuals were grouped into 0.5 m 
range height classes. Height classes’ distribution provi-
des information for better understanding of the potential 
growth and developmental problems of regenerations (De 
Steven, 1994). 

Impacts of land use on the regeneration mechanisms  
and health status of Boswellia dalzielii individuals

A contingency table showing the number of individuals 
for each regeneration mechanism was constructed and sub-
mitted to a Chi-square test to check whether land use has 
non-random impacts on the distribution of regeneration 
mechanism. The same analysis was performed on health 
status and threats.

Photos 2.
Ontogenetic stages of Boswellia dalzielii: (a) seedling, (b) juvenile, (c) adult.
Photos P. Sabo. 

a b c
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Results

Impacts of land use on dendrometric characteristics  
and densities of Boswellia dalzielii 

In total, 1,191 individuals of B. dalzielii were recorded in 
the 160 plots. Among the dendrometric characteristics, only 
the mean diameter varied significantly (p < 0.05) according 
to land use. Trees were larger in farmlands than in fallows 
and woodlands. Although not significant, trees were taller in 
farmlands than in other land use types and basal area was 
higher in woodlands and fallows than in farmlands (table II). 
Land use type had significant effect (p < 0.05) on densities 
for all ontogenetic stages (table II). There were more adults, 
juveniles and seedlings in woodlands than in fallows and 
farmlands (table  II). Adult tree density was 1.31 and 2.72 
times higher in woodlands than in fallows and farmlands, 
respectively (table  II). Similarly, density of regeneration 
(juveniles and seedlings) was 6.20 and 26.76 times higher 
in woodlands than in fallows and farmlands, respectively 
(table II). The overall rate of natural regeneration of B. dalzie-
lii populations is 25.50% for a total number of 242 regenera-
tion trees. This rate is very low in farmlands (4.66%), low in 
fallows (17.09%) and in woodlands (37.21%).

Impacts of land use on the size class distributions  
of tree and regeneration of Boswellia dalzielii 

The diameter size class distribution of trees (figure 2) 
showed that the probabilities of the goodness of fit tests 
were all greater than 0.05 (farmlands: Chi-square  =  2.13, 
p = 0.790; fallows: Chi-square = 1.03, p = 0.910; and wood- 
lands: Chi-square = 1.05, p = 0.860) indicating a good fit of 
the Weibull distribution to the observed size distributions 
for all land use types. In the woodlands, the distribution 
followed a reverse J-shaped with a shape parameter c  < 1, 
characterizing a higher proportion of individuals in the smal-
ler diameter classes. This distribution was dominated by 
individuals of diameter between 5 and 30 cm (figure 2a). In 
fallows, the distribution was asymmetric positive (figure 2b) 
characterizing stands with predominance of small indi-
viduals. Adult trees between 5 and 40  cm diameter were 
the most represented. In farmlands, the distribution rather 
showed a bell-shaped diameter distribution (figure 2c) cha-
racterized by a large proportion of individuals in the middle 
diameter classes and lower proportion of individuals in 
the smaller and larger diameter classes. Trees of diameter 
between 20 and 45 cm were the most represented.

The height class distribution of regenerations (see-
dlings and juveniles) showed that the probabilities of the 
goodness of fit tests were all greater than 0.05 (Farmlands: 
Chi-square = 3.41, p = 0.680; Fallows: Chi-square = 2.76, 
p = 0.831; and Woodlands: Chi-square = 1.91, p = 0.783) 
indicating a good fit of the Weibull distribution to the obser-
ved size distributions for all land-use types. This height class 

Table I.
Population structure and stability parameters.

Parameters 	 Formula 	 Definition 	 References 

Tree-density of the		  Average number of trees per plot expressed	 Philip, 2002 
stands (N in trees/ha)	 	 in trees/ha
Mean diameter of		  Average diameter of all trees found in the stand	  
trees (D, in cm) 
	
Basal area		  Sum of the cross-sectional areas at 1.3 m above	 Philip, 2002 
(G, in m2/ha)		  ground level of all Boswellia dalzielii trees on a plot 
	
Mean height (H, in m)		  Average height of all trees found in the stand	  
 
	
Mean density		  Average number of seedlings and juveniles	 Poupon, 1970 
of regeneration 		  of Boswellia dalzielii per hectare 
(individuals/ha) 
 
	
Recruitment rate (%)		  Number of individuals dbh < 5 cm divided	 Poupon, 1970 
		  by number of individuals dbh ≥ 5 cm 
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distribution of regenerations in all land use types showed a 
reverse-J shape, with a shape parameter c  <  1. Individuals 
of total height between 0 and 0.5  m were the most abun-
dant (figure 3). Individuals in other height classes were rare 
(figure 3). 

Impacts of land use on the regeneration mechanisms  
and health status of Boswellia dalzielii individuals

Tree regeneration (seedlings and juveniles) mecha-
nisms including suckers, stem sprouts, and seedlings (pho-
tos 3) were identified and their occurrence differed signifi-
cantly across land use types (p < 0.001, table III). B. dalzielii 
reproduces mainly through asexual routes (sucker and stem 
sprouts). Irrespective of the land use types, more than half 
of regeneration individuals were from suckers and this pro-
portion was higher in farmlands followed by woodlands and 
fallows. Stem sprouts were mostly found in fallows. Regene-
ration from seeds were mostly found in woodlands followed 
by fallows but not in farmlands (table III). 

Concerning the health status of B. dalzielii individuals 
(photos 4), there was also significant variation among land 
use types (p < 0.001, table III). Out of a total of 949 identi-
fied individuals, 80.18% had indices of human exploitation. 
More than half of individuals were severely unhealthy in far-
mlands and fallows. Woodlands were dominated by healthy 
or moderately healthy individuals, although the proportion 
of logged and severely unhealthy trees was about 40%. 
There were more logged trees in woodlands than in other 
land use types (table III). 

With regards to threats to individuals of B. dalzielii, cut-
ting, fires, wind and especially the intense debarking were 
noted (photos  5). Individuals were severely debarked and 
often have dead parts (branches or trunk) in all land use 
types. This observation was very pronounced in farmlands 
and fallows (table  III). On the other hand, indices of bush 
fires and cutting were noted mainly in woodlands. 

Table II.
Comparison of the dendrometric parameters of Boswellia dalzielii trees according to land use types and soil types:  
mean (m), standard error (se) and probability values (P) of the ANOVA and GLM.

Land use types/ 	 Mean diameter 	 Mean height	 Basal area	 Density (N, stems/ha)
Soil types	 (D, cm)	 (H, m)	 (G, m2/ha)	 Adults	 Juveniles	 Seedlings
	 m	 se	 m	 se	 m	 se	 m	 se	 m	 se	 m	 se

Woodland (60)	 20.5a	 0.49	 7.0a	 0.11	 3.5a	 0.24	 82.3a	 6.57	 27.3a	 5.82	 171.3a	 29.83
Fallow (50)	 29.3b	 0.64	 8.9a	 2.01	 3.6a	 0.25	 62.0b	 3.98	 6.0b	 2.92	 27.6b	 12.84
Farmlands (50)	 32.8c	 0.96	 8.8a	 0.14	 2.8a	 0.28	 30.0c	 1.63	 1.0c	 0.71	 6.4c	 3.68
F/Chi-square	 17.07		  2.51		  2.37		  1349.90		  1842.90		  1623.90	
p-value	 <0.001		  0.08		  0.09		  <0.001		  <0.001		  <0.001

Statistic tests (F for ANOVA, and Chi-square for Poisson GLM). Means followed by the same letter in the same column are not significantly 
different at Prob. = 0.05 (Student-Newman-Keuls test). m: mean; se: standard error; p-value: probability.
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Figure 2.
Stem diameter structures of Boswellia dalzielii  
in three land-use types: a) farmlands, b) fallows,  
c) woodlands.



Discussion

This study examined the population structure of B. dal-
zielii in relation to land use type. Our results indicated a 
higher abundance of adult trees in the woodlands than in 
fallows and farmlands. Similarly, density of regeneration 
(juveniles and seedlings) was higher in woodlands than in 
fallows and farmlands. There was a marked difference in the 
population size class of the Frankincense according to land 
uses. Concerning, the size class distribution of regenerations 
height, all land use types showed the same distribution type 
(reverse-J shape). Irrespective of the land use types, more 
than half of regenerations were from suckers. Regenerations 
from seeds were very scare. Concerning the health status 
of B. dalzielii individuals, farmlands individuals were more 
exploited than fallows and woodlands’ individuals.

Land use impacts on the dendrometric parameters  
of Boswellia dalzielii populations

The lack of differences in height of B. dalzielii across 
the three land use types may suggest lack of strong com-
petition for light in the species natural habitats. Indeed, all 
three land use types are open plant formations. Competition 
for light has been shown as a key driver of tree size in height 
in dense vegetation stands (Monzeglio and Stoll, 2008). The 
largest trees are found in the farmlands compared to fallows 
and woodlands. In recognition of the medicinal importance 
of the Frankincense (Ouédraogo et al., 2006), many farmers 
preserve largest individuals during crop land clearing for 
the debarking. In addition, these individuals benefit from 
certain agricultural practices such as weeding and fertili-
zation for their growth (Gouwakinnou et al., 2009; Bazié et 
al., 2019). The higher density in woodlands compared to 
fallows and farmlands can be explained by the fact that 
adult trees of B. dalzielii are associated to agriculture in the 
farmlands. As such it becomes difficult to cultivate annual 
crops with a high density of trees on farms. Several authors 
have shown that agricultural land use affects species den-
sity (Schumann et al., 2011; Idohou et al., 2016). The higher 
density in fallows compared to farmlands is due to the gra-
dual recovery of vegetation. Concerning the regeneration, in 
farmlands, agricultural practices such as plowing, weeding 
and hilling do not favor the emergence of seedlings or their 
transition and therefore juveniles. The low density of juve-
niles in fallows compared to woodlands could be justified 
by the fact that the vegetation is not completely reconsti-
tuted yet. In the Sahel region, the decrease of the practice of 
fallowing reported by Hänke et al. (2016) will undoubtedly 
compromise vegetation structure, especially for B. dalzie-
lii in long term. We conclude that cultivation of crops both 
reduce seedling regeneration, and may contribute to the 
lack of small individuals. Similar previous findings indicate 
that individuals of some agroforestry tree species in small 
diameter classes occurred at lower density in farmlands 
when compared to fallows and woodlands, where indivi-
duals of smaller diameter classes were numerous (Kelly et 
al., 2004; Ky-Dembele et al., 2019). In addition, the study 

Figure 3.
Stem height distribution of regeneration in three land-use 
types: a) farmlands, b) fallows, c) woodlands.
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area has a high agricultural potential in Burkina Faso, and is 
subject to rapid expansion of agricultural lands. The expan-
sion of cultivated areas is a source of degradation of woo-
dlands area and one of the most important cause of the loss 
of natural habitats (Charters et al., 2019). Several species of 
Frankincense trees such as Boswellia papyrifera are threate-
ned due to woodland conversion in Ethiopia and Sudan 
(Abiyu  et al., 2010; Abtew  et al., 2012). Ogbazghi  et al., 
(2006) through their study of Boswellia papyrifera in Eritrea 
concluded that land use intensity, especially agriculture had 
a profound negative effect on tree abundance.

Our results showed that the diameter class distribu-
tion of adults Frankincense in woodlands and fallows mainly 
comprised individuals with small diameter compared to 
farmlands and suggest a relatively stable population struc-
ture, particularly in woodlands and highlights to what extent 
human activities resulting from change in land use may affect 
the conservation of a species (Ky-Dembele et al., 2019). The 
low proportion of individuals in the dbh class 5-20  cm in 
farmlands suggest a difficulty of recruitment of individuals 
of this lower diameter class to the next ones suggesting the 
removal of new plants of B. dalzielii while farming. This might 

Table III.
Distribution of regeneration mechanism, health status and threats of Boswellia dalzielii across land use types.

Variables/levels	 Farmlands 	 Fallows	 Woodlands 	 Chi-square test statistics

Regeneration mechanism of Boswellia dalzielii (%) (102 trees)
Generative 	 00.00	 14.28	 18.87	 Chi-square = 53.37
Stump sprouting 	 14.29	 28.57	 5.67	 Df = 4
Sucker 	 85.71	 57.14	 75.49	 p < 0.001
Total trees	 7	 42	 53	

Health status of Boswellia dalzielii (%) (952 trees)				 
Healthy 	 6.62	 17.1	 35.64	 Chi-square = 53.15
Moderate 	 24.5	 22.9	 17.31	 Df = 6
Severe 	 63.58	 54.19	 27.7	 p < 0.001
Logged 	 5.3	 5.81	 19.35	
Total trees	 151	 310	 491	

Threats leading to death of Boswellia dalzielii (%) (63 trees)				  
Debarking 	 57.15	 50	 18.75	 Chi-square = 164.96
Wind 	 0	 12.5	 4.17	 Df = 6
Fire 	 14.28	 12.5	 18.75	 p < 0.001
Cutting 	 28.57	 25	 58.33	
Total 	 7	 8	 48	

Photos 3.
Regeneration mechanism of Boswellia dalzielii: 
(a) sucker, (b) stump, (c) seedling.
Photos P. Sabo. 

a

b

c



be also due to the combined effects of human impact such 
as land clearing for agriculture, livestock grazing and/or har-
vesting of fodder and harvesting of medicinal products. As 
for regeneration, we also found their majority (78%) was in 
the height class of 0-0.5 m in all land-types. Admittedly, this 
stock of individuals constitutes a regeneration potential for 
B. dalzielii but it is not a guarantee of successful renewing 
of population, as previously pointed for this species and 
for other dryland species such as Boswellia papyrifera and 
Pterocarpus erinaceus by Alemu (2012) and Ouédraogo et 
al. (2012). This low-energy class is known to be very sensi-
tive to environmental factors such as fire and drought (Vieira 
and Scariot, 2006). Actually, Gijsbers et al. (1994) showed 
that the density of seedlings is high at the beginning of the 

rainy season but drops considerably in the dry season, a 
period characterized by occurrence of fires and drought in 
semi-arid area. This situation makes the survival of juveniles 
unpredictable because of complex interactions among soil, 
climatic conditions and regeneration mechanisms including 
seeds in seed banks and those dispersed into a site as well 
as stump sprouting. For example, in woodlands where the 
highest density of seedlings occurred, the transition rate 
of seedlings to juveniles is only 8.69%. Vieira and Scariot 
(2006) have shown that individuals of size 0.9-1.2 and 1.2-
1.5 mark a stage of survival and significant growth in the 
renewal of stands. The low proportion of individuals in these 
classes in the different land use types thus indicates a major 
concern of erosion of the population (Bationo et al., 2001). 

Photos 4.
Health status of Boswellia dalzielii: (a) healthy, (b) moderely, (c) severely, (d) logged.
Photos P. Sabo. 

a b c d

Photos 5.
Threats to Boswellia dalzielii: (a) debarking, (b) fire, (c) wind, (d) logging.
Photos P. Sabo. 

a b

c

d
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Others studies have consistently reported the decline of the 
population of Boswellia papyrifera due to lack of regenera-
tion (Ogbazghi, 2001; Bongers et al., 2019). Nevertheless, 
B. dalzielii seems to have developed a survival strategy 
though reduction of growth and devoting higher energy to 
the development of a hypertrophied root that contains signi-
ficant food and energy reserves (Ouédraogo  et al., 2006). 
Seedlings can lose their aerial part by drying out or following 
an accident (fire, grazing) and survive as geophytes during 
the dry season. The regrowths of the next rainy season are 
then more vigorous than those of the previous year (Oué-
draogo et al., 2006). 

Land use impacts on the regeneration mechanisms  
and health status of Boswellia dalzielii individuals

Suckering is the most abundant regeneration mecha-
nism in the three land use types suggesting a possible adap-
tion of the species to different biotic and abiotic stressors 
but at the same time suggest that individuals from seeds 
have relatively lower resistance to drought, fire, improper 
agricultural practices and livestock grazing. Indeed, suc-
kering is a survival strategy that some species develop to 
compensate for the limitation of sexual reproduction in 
disturbed areas (Bellefontaine  et al., 2000). According to 
Setterfield (2002), fire encourages vegetative propagation 
of species and indicates that regeneration reliant to sexual 
reproduction is disadvantaged by frequent fire. In addition, 
in view of the seed properties of Boswellia dalzielii, such as 
absence of seed dormancy and the production of non-viable 
and embryo-lacking seed (Ouédraogo et al., 2006), regene-
ration from root suckers remains the most appropriate way 
for the reproduction of the species. In the Horn of Africa, 
Ogbazghi (2001) and Eshete (2002) have also observed 
this mode of reproduction for Boswellia papyrifera. Unfor-
tunately, vegetative propagation (sucker and stump) is not 
favorable to natural conservation of species, even if it contri-
butes to short-term population maintenance, because the 
lack of sexual recruits will limit the input of genetic variation 
(Setterfield, 2002).

Nevertheless, vegetative propagation also has the 
advantage of being less water-intensive and ensuring rapid 
seedling growth (Bellefontaine  et al., 2000). The use of 
mechanical means in the farmlands often results in root 
notches that cause seedlings to appear in these areas.

The high proportions of harvested B. dalzielii trees 
show that this species is used and particularly appreciated 
by local populations as medicine as previously reported 
(Nacoulma-Ouédraogo, 1996; Ouédraogo  et al., 2006; 
Kémeuzé  et al., 2012). The harvesting patterns across the 
three land use types showed that the species is severely 
over-exploited in all land use types due to bark harvesting 
combined with agricultural practices. However, harvesting 
disrupts the tree physiological functioning and stimulates a 
higher hormonal activity in order to close the wound quickly 
(Thiombiano et al., 2003). Several studies have shown the 
negative effect of debarking by tapping on Boswellia species 
(Ogbazghi, 2001; Rijkers et al., 2006) leading to a declining 
population trend (Bongers et al., 2019).

Implications for the management of Boswellia dalzielii

The present study investigated the land use impacts on 
the size characteristics, stand structure and regeneration of 
B. dalzielii in the Sudano-Sahelian region of Burkina Faso. 
Our analysis provides evidence that human disturbances 
contribute to unstable stands of B. dalzielii. In addition, 
excessive debarking, fire and wind prevent good recruitment 
despite a fairly high seedling density in woodlands. It is the-
refore important to carry out assisted natural regeneration 
in order to allow a better transition between the stages in 
order to have a stable population in the medium term. To do 
this, actions such as the establishment of firewalls will be 
necessary. Also, agricultural practices that maintain a suf-
ficient number of individuals can significantly contribute to 
the persistence of B. dalzielii in agroforestry systems. The 
bark is the most sought part in the species, limiting the har-
vesting rate and promoting best harvest practices can also 
contribute to a better management of the species.

Conclusion

Analysis of the status of B. dalzielii stands revealed 
that they are unstable in the farmlands, unstable in fallow 
and stable in woodlands. Natural regeneration is slow and 
weak. Drought and fires prevent the establishment of see-
dlings growing during the rainy season and their transition 
from juvenile to adult stage. Overall, this study contributed 
to new information about the stands structure of B. dal-
zielii. However, long-term studies monitoring of harvested 
and non-harvested populations will provide better insights 
and refine management actions. Meanwhile, it is urgent to 
increase the reforestation and awareness activities of the 
populations concerned in the conservation of plant biodi-
versity in the fragile and unstable studied stands.
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FOR SUSTAINABLE FORESTS. USA, CLIMATE INVESTMENT 
FUNDS, 330 P.

This publication is an urgent call to action and provides 
policy makers with information to enable the design and 
implement fiscal policies that reduce incentives for defores-
tation, forest degradation, and land use change and instead 
encourage forest conservation, sustainable management, 
and green global value chains. Existing fiscal policies already 
provide incentives, oftentimes incentivizing short-lived eco-
nomic growth through exhausting natural resources and 
merely turning natural capital into physical capital without 
creating net value. This book aims to empower decisionma-
kers to harness the power of fiscal policy for consciously 
creating incentives that direct development onto a more 
sustainable path. This book offers a vital reference for policy 
makers to do just that moving forward.
Summary adapted from the publisher’s.

The World Bank, 1818 H Street, 
NW Washington, DC 20433, USA.
https://www.climateinvestmentfunds.org/sites/cif_enc/
files/knowledge-documents/designing_fiscal_instruments.
pdf
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2021. GUIDE PRATIQUE DES PLANTATIONS D’ARBRES DES 
FORÊTS DENSES HUMIDES D’AFRIQUE. BELGIQUE, PRESSES 
UNIVERSITAIRES DE LIÈGE, 322 P.

En Afrique, les plantations d’arbres sont amenées à se déve-
lopper pour plusieurs raisons : restauration des capacités de 
production et des services rendus par les forêts naturelles, 
valorisation des terres agroforestières, récolte plus aisée 
du bois et des produits forestiers non ligneux, atténuation 
des effets des changements climatiques, etc. Les espèces 
exotiques n’offrant que des services spécifiques, il importe 
de redynamiser la plantation d’espèces locales. C’est l’ob-
jet de ce livre, qui s’est focalisé sur les essences des forêts 
denses humides, en capitalisant des résultats d’essais 
passés ou récents de six pays africains, et en mobilisant 
des compétences et connaissances de treize spécialistes. 
L’ouvrage aborde de façon pratique les différentes étapes 
d’un programme sylvicole : récolte et gestion des semences, 
construction et gestion des pépinières, modalités d’instal-
lation et de conduite des plantations. Une estimation des 
coûts et de la rentabilité de telles plantations est également 
fournie. Enfin, le livre décrit en détail l’itinéraire sylvicole de 
50 espèces d’arbres des forêts denses humides africaines. 
Ce guide est destiné à un large public : aménagistes, tech-
niciens et ingénieurs forestiers, étudiants et scientifiques 
intéressés par la sylviculture tropicale.
Résumé adapté de celui de l’éditeur.
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