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ABSTRACT

Plant communities including fodder trees play an important role in livestock production in semi-arid
zones of West Africa. This study was carried out at two sites of the western region of Burkina Faso and aimed
to provide information on the current status of the natural savanna-woodland pastures and predict the pod
production of Piliostigma thonningii and Prosopis africana, two key fodder species of these ecosystems. All
woody species were systematically identified and their dbh and height were measured in plots along a
toposequence. Pods were collected from 60 trees of P. thonningii and P. africana and the stem circumference
at breast height and the crown diameter were also measured. To predict pod production, regression analysis
was used to develop predictive allometric equations by selecting tree size variables for fitting to models.
Results showed a total of 24 species belonging to 11 families and 22 genera were inventoried with clear
tendency to shrub invasion of the toposequence locations. P. thonningii trees had a good regeneration status
while P. Africana individuals were old. The two species had good potential for natural regeneration of the
stands from seedlings. The pod production prediction equations for both species were significantly correlated
to dendrometric traits (P<0.0001). They were species-specific, and the equations developed for each species
were different. It is not advised to apply the same formula to predict pod production of fodder trees species at
different savanna-woodland locations throughout West Africa.
© 2019 International Formulae Group. All rights reserved.
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al.,, 2016). In Africa, particularly in the
continent’s western regions, more than 90% of
the population depend exclusively on forest
and land resources for their livelihoods (Sop
and Oldeland, 2011). The household daily
needs included medicine, firewood, charcoal,
and construction material for houses, food for
human, fodder for livestock (herbaceous and
woody species) along the natural pastures etc.

Forest resources, through their natural
pastures, often support livestock breeding.
Livestock feeding is mainly based on the
exploitation of the natural pastures. This
herbaceous layer accounts for 75-90% of the
total annual phytomass of West African
savanna-woodlands.

In the West African nation of Burkina
Faso, natural pastures represent 90% of the
herbivore diet. However, these pastures are
nowadays degraded due to climate variability
and increased livestock grazing. In addition,
population pressure, fire, urbanization and
hydro-agricultural development have
profoundly changed the natural environment.
Added to this, recurring droughts have led to
fluctuating pasture productivity. During the
rainy season, natural pastures are almost
entirely dominated by annual grasses. This
herbaceous layer constitutes an ephemeral
fodder source because it has a short cycle of
development which ends at the end of the
rainy season. At this time, grasses are in the
straw state with limited nutritional value.
They can therefore not ensure livestock
maintenance needs, much less those of animal
production.

Given the fluctuating productivity of
natural pastures and the shortage and absence
of fresh herbaceous during dry season in
Burkina Faso, their wuse for livestock
production in  this time  requires
supplementation of nitrogen, energy, vitamins
and minerals. These nutrients that are
available in agro-industrial products such as
oilcakes of peanut and oilcakes of cotton for
example in the context of Burkina Faso
remain very high costs and limit their use by
producers. The woody species of the savanna-
woodlands therefore serve as a supplementary
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fodder source during the lean season. These
woody species provide an important protein
supplement for livestock during the dry
season. They are rich in protein, vitamins and
minerals, and therefore able to improve
livestock diets during the dry season.

In Burkina Faso’s savanna-woodlands,
the biomass of the woody species accounts for
35% of the total ecosystem biomass. In some
pastures, in the dry season, the woody species
represent almost all of the available plant
material. The relative scarcity of the fodder
trees therefore raises the question of the
optimal use of this resource. Livestock
breeders often prune the trees to provide
forage for their animals. This destructive
action influences the woody fodder species’
populations. Thus, there is a need to better
understand the structural composition of the
forage stands and their levels of foliage and/or
fruit production. This knowledge will help in
determining the optimal carrying capacity of
the savanna-woodlands and thereby also
inform improved pasture management in these
ecosystems.

A number of previous studies have
estimated the foliage biomass of the woody
fodder species of West African savanna-
woodlands (Navar et al., 2004; Savadogo,
2007; Bognounou et al., 2008; Ouédraogo-
Koné et al., 2008). In Burkina Faso, allometric
equations have been established for some
species including Afzelia africana Sm.,
Balanites aegyptiaca (L.) Del., Boscia
angustifolia A. Rich., Ficus sur Forssk.,
Ziziphus mauritiana Lam., Acacia
gourmaensis A. Chev., Acacia dudgeoni
Craib. ex Holl.,, Acacia macrostachya
Reichenb. ex Benth., Acacia seyal Del.,
Anogeissus leiocarpa (DC.) Guill. & Perr.,
Prosopis africana (Guill. & Perr.) Taub.,
Pterocarpus erinaceus Poir. and Pterocarpus
lucens Lepr. (Savadogo et Elfving, 2007;
Ouédraogo-Koné et al., 2008; Sawadogo et
al., 2010; Bognounou et al., 2013). Recent
studies have also estimated the fruit
production of the woody species Carapa
procera DC., Pentadesma butyracea Sabine,
Afzelia africana and Ximenia americana L.,



S. OUEDRAOGO et al. / Int. J. Biol. Chem. Sci. 13(6): 2433-2448, 2019

with the latter two species being major
livestock fodder sources (Lankoandé et al.,
2017; Nacoulma et al., 2017; Lompo et al.,
2018). The development of these predictive
equations aimed at optimizing their utilization
for animal feed to ensure the sustainability of
this practice.

The foliage and pods of the woody
fodder  species  Piliostigma  thonningii
(Schum.)  Milne-Redhead. and Prosopis
Africana (Guill. & Perr.) Taub. are important
sources of feed for ruminants grazing in the
natural pastures of the western region of
Burkina Faso. The sale of these species’ pods
in peri-urban and urban areas provides
substantial income for rural households
(Yelemou et al., 2007; Weber et al., 2008).
Special attention should be given to
understanding the structural composition and
pod production of natural stands of these two
species to propose strategies for facilitating
their sustainable management by local
communities. In this study, the aim was to
assess the status of natural pastures in a
savanna-woodland pastoral area managed by
local communities in the western region of
Burkina Faso.

MATERIALS AND METHODS
Description of study site

The study sites are Gombeledougou
and Ouara villages, located in the western
region of Burkina Faso (Figure 1). The
villages are within the West Mouhoun District
of the South Sudanian phytogeographical
sector (Fontés et Guinko, 1995). The mean
annual precipitation varies between 900 and
1,000 mm. During the last decades (1996-
2016), the mean annual precipitation was
1065 mm + 158.73 and the mean number of
rainy days was 90 + 7. Mean daily minimum
and maximum temperatures ranged from 16 to
32 °C in January (the coldest month) and from
26 to 40 °C in April (the hottest month). The
vegetation is characterized by the Sudanian
species associated with Guinean species. The
most common  Sudanian  species are
Isoberlinia doka Craib & Stapf, Vitellaria
paradoxa C.F. Gaertn., Anogeissus leiocarpa,
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Terminalia laxiflora Engl. & Diels,
Terminalia avicennioides Guill. & Perr. and
Burkea africana Hook. The grassy layer is
dominated by Andropogon gayanus Kunth,
Andropogon pseudapricus Stapf, Andropogon
ascinodis C.B. Cl,  Cochlospermum
planchonii Hook. f. ex Planch., Loudetia
togoensis (Pilger) C.E. Hubbard, Pennisetum
pedicellatum Trin., Rottboellia
cochinchinensis  (Lour.) W.D. Clayton,
Diheteropogon hagerupii Hitchc., Microchloa
indica (L. f.) P. Beauv. and Diheteropogon
amplectens (Nees) W.D. Clayton. Along the
natural pastures at both sites, the relief is
mainly characterized by three topographic
positions that are low-lying, plateau, and
slope) dominated by natural stands of P.
africana and P. thonningii. The most
frequently encountered soils are cambisols
and lithisols. The study sites are used for
agriculture, with cotton and maize being the
most commonly cultivated crops (Boghounou
etal., 2013).

Study species

The choice of the two fodder species
(P. thonningii and P. africana) was based on
their importance as browse species in the
natural pastures of western Burkina Faso
during the rainy and drought seasons. More
broadly, these two species are important for
farming and  pastoralist ~ communities
throughout the West African Sahel. They
provide a range of products and services to
support these communities’ livelihoods. These
include wood, fuel, food, fodder, medicines
and soil fertility improvements (Weber et al.,
2008). Their flowers, fruits and pods are
highly palatable for livestock. Faced with feed
shortages and the high costs of supplementing
livestock feed, the crushed pods of both of
these fodder species are commonly mixed
with corn bran or sorghum.

Piliostigma thonningii (DC.) Hochst.
(Fabaceae-Caesalpinioideae) is a small tree
(8-9 m) with an open crown. The leaves are
drooping, alternate and conspicuously bi-
lobed. The petioles are 1-3.5 cm long, and
swollen at both ends. The leaf blades are 5-12
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cm x 4-18 cm, cordate or rounded at the base,
with lobes that are rounded or more or less
cuneate, coriaceous, glabrous, greyish-green,
and palmately veined with 8-11 basal veins.
The species’ fruit is an oblong pod 15-30 cm
x 2.5-5 cm, straight, undulate or twisted,
many-seeded. Prosopis africana (Guill,,
Perrott. & Rich.) Taub. (Fabaceae-
Mimosoideae) is the only native Prosopis in
Africa occurring from Senegal to Ethiopia
throughout the Sudanian and Guinean
ecozones (Bognounou et al., 2013). It is a
small to large tree (4-20 m) with an open
crown and slightly rounded buttress roots. The
leaves are drooping, alternate and bipinnate,
with rachis that are 10-15 cm long with 3-6
pairs of opposite pinnae (5-8 cm long); and
9-16 pairs of leaflets that are oblong-
lanceolate, 12-30 mm and pubescent. The
leaves typically have a gland between pairs of
pinnae and leaflets. The pods are dark brown,
cylindrical, thick and hard, shiny, up to 15 x 3
cm, with woody walls, compartmented; about
10 loose, rattling seeds per pod with a thin,
intermarginal line around (Arbonnier, 2009;
Bognounou et al., 2013).

Sampling design and data collection

A stratified-oriented sampling design
was applied based on the occurrence and
predominance of natural stands of P. africana
and P. thonningii in Gombeledougou and
Ouara villages. The inventories were carried
out at the end of the rainy season when
species can be easily identified and plots are
easily accessible (Savadogo et al., 2007). For
each species and each village, a total of 10
square sample plots (50 m x 50 m) were
marked along each topographic position. The
50 m x 50 m observation plots were placed
every 200 m according to a transect along the
toposequence (Figure 2) found in the study
sites. There are essentially three physical
entities: the upper, the middle and the lower.
The upper represents the highest points of
sites and generally contains tropical
ferruginous soils marked by the presence of
rock outcrops that are often in the process of
disintegration. The middle consists of the long
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slope that separates the upper from the lower.
The soils are of variable depth and sandy-
gravelly to sandy-silty structure. The lowland
represents the lower part of the sites that is
temporarily flooded during heavy rains. The
soils are deep and clayey to silty-clayey in
texture. Each plot was systematically
surveyed, with all woody species marked and
identified. All adult trees were identified and
counted, their diameter at breast height (dbh)
was measured by cross-calipering, and their
height measured using a graduated pole
(Savadogo et al.,, 2017). Seedlings were
classed as individuals with a dbh of <5 cm
and height of <2 m. All seedlings and shrubs
were also identified, counted and their height
measured. Identification of species and
families of plant follows The Plant List
(www.theplantlist.org).

Estimation of the production of Piliostigma
thonningii and Prosopis africana

To estimate the two species’ pod
production, thirty adult individual per species
bearing fruit have been chosen along the
toposequence in each village. Before
collection of the pods, the following
dendrometric parameters were measured: the
total height of the tree (i.e. the vertical
distance between the ground level and the
terminal  bud) (Rondeux, 1999), the
circumference at 20 cm and at 130 cm, the
crown diameter in the directions North-South,
East-West. This assessment was firstly made
on an individual tree basis and then reduced to
a per hectare value following the formula:
Production (ha) = average production per
individual tree x Number of plants produced
per hectare. The pods were then put into
labeled bags and brought to the laboratory for
drying in an oven at 75 °C until a constant
weight was obtained. The pods harvested per
individual tree were weighed separately.

Calculations and data analysis
Population  structures  of
thonningii and Prosopis africana
Structural characteristics (i.e. stem
density, basal area, and diameter and height
class distributions) were computed for each

Piliostigma
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plot and averaged per toposequence unit for
all individuals with a dbh > 5 cm. To assess
the horizontal and vertical structures of the
adult populations of P. thonningii and P.
africana, all individuals of both species were
grouped into three height classes (2-4 m, 4-6
m and 6-8 m) and into six diameter classes (5-
10, 10-20, 20-30, 30-40, 40-50, > 50 cm). To
evaluate B-diversity (similarity between the
both sites), Jaccard’s similarity index was
computed based on presence/absence data of
the species in the natural stands. This index
potentially varies between 0 and 1, and a
value close to 1 indicating greater similarity
between patches, and hence low B-diversity
(Krebs, 1999). When a significant difference
was detected with seedling density and
fructified trees of both species per
toposequence, a pair-wise comparison was
made using Tukey’s test at the 5% level of
significance.
Predicting the pod production of Piliostigma
thonningii and Prosopis Africana

For the analysis of fruit production,
different types of regression equations, i.e.
linear, logarithmic, exponential and power
models, were applied by integrating several

dendrometric parameters. Pod production (dry
matter), dendrometric  parameters  (i.e.
circumference, height, crown diameter) and
model terms (i.e. predictor variables) were
considered as dependent variables to
compensate for the less consistent architecture
and complicated branching patterns of trees in
dry forest ecosystems that often make biomass
predictions problematic (Cole et Ewel, 2006).
An average was calculated by considering the
fruit bearing per plot and per site. Production
per hectare was obtained by the following
equation: P(ha) = PmoyxN .

Where P (ha) = Production per hectare;
Pmoy = mean Production per individual tree;
and N = Number of individual tree bearing
pods per hectare.

We retained only the best models,
being those with a high R? a significant
probability (P<0.05) and that during the
reliability tests of the model, the predicted
values from each model were plotted against
the observed values. All of the analyses were
performed using the statistical software SAS
version 9.1.
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Figure 2: Transect along the toposequence of the study sites.

RESULTS
Woody species composition
natural pastures

A total of 24 species belonging to 9
families and 22 genera are associated with P.
africana in Ouara, compared to 11 species
belonging to 7 families and 11 genera
identified in Gombeledougou. In these areas,
the  dominant family is  Fabaceae-
Caesalpinioideae. In  OQuara, Fabaceae-
Caesalpinioideae represents 30.41% of all
families with 8 species. The most represented
species were Burkea africana (9.28%),
Isoberlinia doka (8.76%) and Daniellia oliveri
(Rolfe) Hutch. & Dalz. (5.15%). Other
common families in Ouara are Sapotaceae
(17.01%), represented by the single species
Vitellaria paradoxa, Fabaceae-Mimosoideae
(35.05%), with 3 species of which Parkia
biglobosa (Jacg.) R. Br. ex G. Don f. (5.15%)
was the most represented, and the families of
Combretaceae  and  Ebenaceae  which
accounted for 8.24%, with 6 species for
Combretaceae and one species for Ebenaceae.
At Gombeledougou, Fabaceae-
Caesalpinioideae are followed by Fabaceae-

in western
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Mimosoideae (36.93%), Fabaceae-
Mimosoideae (36.63%), Meliaceae (4.95%),
with 2 species of which Azadirachta indica A.
Juss. is the most represented (3.96%), and
Malvaceae (3.96%) represented by the single
species (Table 1). However, Jaccard’s index
of similarity ranged from 44 to 82% and 19 to
60% at Gombeledougou and Ouara,
respectively. There are high similarities in
species composition between the plateau and
slope locations. The lowest values (19% and
44%) of similarity were observed between the
low-lying and plateau locations, and the low-
lying and slope locations (Table 2).

Population  structures of
thonningii and Prosopis africana
A total of 7,330 individuals were
encountered at both study sites, of which 43%
were individuals with a dbh of <5 cm
(considered as an understory plant or
seedling/sapling). Excluding this understory
and considered only the adults of both species,
we observed a significant difference between
the densities of P. thonningii and P. africana,
depending on the toposequence (P<0.05). The

Piliostigma
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highest densities of P. thonningii (213+8.85)
and P. africana (410+4.83) were found on the
plateau followed by the densities on the slope.
The densities of both species were lowest on
the low-lying (Table 3). In addition, the
highest proportion of fructified trees of P.
thonningii and P. africana was found on the
slopes.

The diameter class distribution of P.
thonningii trees along the toposequence
produced a reverse “J”-shaped curve. Most
individuals (i.e. 52% in the low-lying, 54% in
the plateau and 35.35% in the slope) were in
the 5-10 cm dbh class. The diameter class
distribution of P. africana produced different
curve forms along the toposequence. We
observed the “J”-shaped curve at the low-
lying, where 100% of the individuals were in
the last class (i.e. dbh of > 50 cm). At the
plateau, the diameter class distribution was
characteristic of populations with the same
age. The different diameter classes had near
the same proportions. At the slope, the
diameter class distribution showed a reverse
“J”-shaped curve (Figure 3). The individuals
of P. africana with the largest diameter (dbh =
86.62 cm) and height (12.3 m) were found at
the low-lying. In addition, the height class
distribution of P. thonningii trees produced a
negative exponential curve. The distribution
was a skewed bell-shaped curve for P.
africana at the low-lying and slope locations,
while its distribution was a negative
exponential curve at the plateau (Figure 4).

Density of seedling populations of
Piliostigma thonningii and Prosopis africana

Seedling populations of P. thonningii
decreased significantly along the
toposequence (P<0.05). This was different to
the average densities of seedling populations
of P. africana (Table 4). The results showed
that regeneration of P. thonningii is highest on
the low-lying, with an average density of
310£155 small individuals/ha, followed by the
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plateau (241+158 small individuals/ha). The
highest density of seedling populations of P.
africana was found on the slope (878 small
individuals/ha), following by the plateau
(3143 small individuals/ha). The proportion of
these individuals represents 43% of the total
individuals of P. thonningii and P. africana
recorded in Gombeledougou and Ouara.

Estimation of the pod production of
Piliostigma thonningii and Prosopis africana

The models to predict the pod
production of the two fodder species
contained different structural parameters

related to trees. Pod production by P. africana
was positively correlated with crown cover
(North-South) and the circumference at 130
cm, while pod production of P. thonningii was
highly correlated with crown cover (East-
West), the circumference at 130 cm and the
total height (Table 5). For these structural
parameters, the R? values varied to one
species to other. The R? values of fruit
prediction models of P. africana varied from
0.31 to 0.44 with the significant probabilities
(P<0.0001). The best fit prediction model for
the pod production of P. africana is the linear
regression, while the equation coefficients
were different. The highest mean pod
production of P. africana was 287.84 kg
DM/ha in the low-lying and 94.52 kg DM/ha
in the slope. Considering the toposequence,
the mean pod production per tree of P.
thonningii was 2.56+1.88 kg. The highest
mean pod production of P. thonningii (559.44
kg DM/ha) was found at the plateaus. This
production is supported by the polynomial
equation, Y=ax", with a high correlation
coefficient (R? =0.86). The pod production of
P. thonningii could be estimated using the
height. The goodness of fit model was
exponential regression, with R?=0.96. The
values of R? were significant for the tree
circumference at 130 cm and crown (North-
South, East-West).
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Table 1: List of Woody species (dbh < 5 cm), families and species and family dominance at

Gombeledougou and Ouara.

Location Families Species DS (%) D F (%)
Malvaceae Bombax costatum 3.96 3.96
Cassia sieberiana 0.99 47.52
Fabaceae- Daniellia oliveri 11.88
Caesalpinioideae Detarium microcarpum 4.95
Isoberlinia doka 29.70
Gombele- Combretaceae Terminalia laxiflora 1.98 1.98
dougou Meliaceae Azadirachta indiC&_l 3.96 4.95
Khaya senegalensis 0.99
Fabaceae- Parkia biglobosa 5.94 36.63
Mimosoideae Prosopis africana 30.69
Securidaca longipedunculata ~ 2.97 2.97
Polygalaceae
Sapotaceae Vitellaria paradoxa 1.98 1.98
Anacardiaceae Lannea microcarpa 4.64 4.64
Malvaceae Bombax costatum 0.52 0.52
Afzelia africana 0.52 30.41
Burkea africana 9.28
Cassia siberiana 1.03
Fabaceae- Daniellia oliveri 5.15
Caesalpinioideae Detarium microcarpum 1.03
Isoberlinia doka 8.76
Pterocarpus erinaceus 3.61
Tamarindus indica 1.03
Anogeissus leiocarpus 1.55 4.12
Combretum molle 0.52
Ouara _
Combretaceae Combretym nigricans 0.52
Pteleopsis suberosa 0.52
Terminalia laxiflora 0.52
Terminalia macroptera 0.52
Ebenaceae Diospyros mespiliformis 4.12 412
Acacia polyacantha 0.52 35.05
Fabaceae- Entada africana 1.03
Mimosoideae Parkia biglobosa 5.15
Prosopis africana 28.35
Ochnaceae Lophira lanceolata 2.58 2.58
Rosaceae Parinari curatellifolia 0.52 0.52
Sapotaceae Vitellaria paradoxa 17.01 17.01

DS: Species dominance; DF: family dominance.
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Table 2: Jaccard’s index of similarity at Gombeledougou (A) and Ouara (B) in natural stands of

Piliostigma thonningii and Prosopis Africana.

A. Gombeledougou

B. Ouara

Low-lying  Plateau Slope
Low-lying 1
Plateau 0.44 1
Slope 0.44 0.82 1
Low-lying  Plateau  Slope
Low-lying 1
Plateau 0.19 1
Slope 0.20 0.60 1

Table 3: Density and proportion of fructified trees of Piliostigma thonningii and Prosopis Africana.

Toposequence Piliostigma thonningii Proportion  Prosopis africana  Proportion
Low-lying 99+4.57b 19% 89.81+2.81b 25%
Plateau 213+8.85a 31% 410+4.83a 39%
Slope 105+10ab 34% 217+4.94ab 34%
Means with different letters are significantly (P<0.05) different base on Tukey’s HSD test.
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Figure 3: Diameter class distribution of Piliostigma thonningii and Prosopis africana along a
toposequence in western region of Burkina Faso.
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Figure 4: Height class distribution of Piliostigma thonningii and Prosopis africana along a
toposequence in western region of Burkina Faso.

Table 4: Seedling density of Piliostigma thonningii (Gombeledougou) and Prosopis africana

(Ouara).
Toposequence Gombeledougou Quara
Low-lying 310+155a 15+2ab
Plateau 241+158ab 51+3ab
Slope 94+8b 87+8a

Means with different letters are significantly (P<0.05) different base on Tukey’s HSD test.
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DISCUSSION
Species composition of the natural pastures

A total of 24 species belonging to 11
families and 22 genera were inventoried. The
families Fabaceae-Mimosoideae, Fabaceae-
Caesalpinioideae and Combretaceae were
dominant. This result corroborated the
findings of several authors who have assessed
the composition of savanna-woodlands in
Burkina Faso (Sawadogo, 2009; Savadogo et
al., 2017). Also, according to Sawadogo
(2009), these families are typically found in
the North Sudanian zone and most woodland
mosaics. We found a greater species richness
than that recorded by Savadogo et al. (2017),
probably because these authors focused their
study on the degraded land where sensitive or
intolerant species to edaphic conditions were
naturally eliminated.

The floristic composition varied along
the toposequence. The results showed a low
species richness in the low-lying at both study
sites and a great similarity in species
composition between the plateaus and slopes.
The difference in species composition may be
due to micro-climatic factors because the
growth of trees in semi-arid ecosystems is
mainly  determined by moisture, soil
characteristics and landscape  position
(Bognounou et al., 2009). Also, differences in
floristic composition would arise from human
pressures (Bellefontaine et al., 2000) and
deteriorating weather conditions that reduce
the chances of maintenance and the potential
for regeneration of some species. For
example, in our study sites, the inter-monthly
and inter-annual rainfall variability in recent
years impacted seriously on diversity of
seedling populations. Also, tree mutilations
(i.e. trunk cutting for firewood and
construction materials, pruning for livestock)
suffered by certain species such as Afzelia
Africana Sm. ex Pers., Burkea africana
Hook., Combretum glutinosum Perr. ex DC.,
Daniella oliveri (Rolfe) Hutch. & Dalziel
Show, Detarium microcarpum Guill. & Perr.,
P. thonningii (Schum.) Milne-Redh. and P.
africana (Guill. et Perr.) Taub. found in Ouara
and Gombeledougou, along with annual
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burning and overgrazing are the determining
factors that can influence the floristic
composition of plant communities.

Population  structures of Piliostigma
thonningii and Prosopis africana and their
regeneration potential

The diameter class distribution of P.
thonningii trees along the toposequence
produced a reverse “J”’-shaped curve and at
the slope, the diameter class distribution of P.
africana also showed a reverse “J”-shaped
curve (Figure 3), indicating that most of the
individuals are found in the first dbh class. In
savanna-woodlands of Burkina Faso, many
authors have found the same form of diameter
class distribution (Savadogo et al., 2007;
Bognounou et al., 2009). The reverse “J”
shape of the cumulative diameter class
distribution is an indication of good
regeneration status (Zegeye et al., 2006). This
is because the small individuals were
abundant than the old individuals. In addition,
the seedlings of P. thonningii are more
abundant in the low-lying and the plateau
locations compared to the slope. This result is
consistent with Razanamandranto et al.
(2004), who reported that P. thonningii and P.
reticulatum are usually found along the water
course, supporting the hypothesis of
endozoochorous or  hydrochorous seed
dispersal in savanna woodlands (Savadogo et
al., 2007). Note that in the context of West
African  savanna-woodlands increasingly
subject to many disturbances and climatic
variability, the transition from seedling
population to sapling , shrub and tree
populations takes a long time and depending
also on many biotic and abiotic factors (Tabuti
et Mugula, 2007; Gnoumou et al., 2011). Our
results are contrary to those of Niang-Diop et
al (2010) who found that P. africana is a
species characterized by low natural
regeneration despite high in situ germination
capacity due to low young plant survival in
Senegal.

The diameter class distribution of P.
africana at the low-lying produced a “J”-
shaped curve where 100% of the individuals
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were in the last class (dbh of > 50 cm). There
was minimal regeneration of this species in
the low-lying compared to the seedling
densities at the plateau and slope locations
(Table 5). This result showed that on the one
hand, P. africana is not well-adapted to the
hydromorphic soil conditions present at the
low-lying where the humidity is often high,
especially during the rainy season. The
moisture conditions also limit the germination
of the seeds and growth of other species that
are intolerant of this edaphic condition. On the
other hand, the seedlings/saplings of P.
africana that are considered the most easily
accessible and palatable fodder are severely
grazed by livestock. Also, fire is a frequent
disturbance factor in the savanna-woodlands
and can result in the loss of sensitive species.
According to Sanou et al. (2018), tree
seedlings being grazed and browsed or
trampled by livestock can lead to failures in
their regeneration patterns. However, at the
plateau, the diameter class distribution of P.
africana  showed the presence of a
considerable number of species in the
different dbh class indicating that it is well-
adapted in this toposequence unit. Despite the
continual browsing in the study sites, the
optimal proportion of small individuals of
both fodder species gives them a good
regeneration status.

Prediction model to evaluate pod
production of Piliostigma thonningii and
Prosopis africana

Methods to efficiently evaluate the
fodder production potential of shrubs or trees
often use dendrometric traits (i.e. basal
diameter, diameter at breast, total height and
crown cover and volume) (Savadogo and
Elfving, 2007; Bognounou et al., 2008;
Sawadogo et al., 2010). In our study, these
dendrometric traits are also used to estimate
the pod production of P. thonningii and P.
africana (Table 5).

Thus, for P. africana, the crown cover
according to two cardinal directions (North-
South and East-West) produced the best
predictor of pod production of this species.

2444

This result is in part corroborated with the
findings of Bognounou et al. (2013), who
found that the best equation to predict the
biomass production of P. africana used crown
cover and basal area. The R? values of the
different model predictions for this species are
inferior to 0.50. This situation is probably due
to human pressures on the species (i.e.
repetitive harvesting during the dry season,
annual fire in savanna-woodlands) and
environmental conditions (i.e. climatic and
edaphic conditions). According to Bognounou
et al. (2013), climatic conditions and
anthropogenic disturbances such as fire,
animal breeding and other pressures generate
unusual shrub or tree shapes making the
development of prediction equations difficult.
In that way, Larwanou et al. (2010) observed
that P. afriana’s fruit production is not related
to the size of the tree in the central part of
Niger (500 mm rain fall/year).

The repetitive cutting of fodder trees
influenced the pod production (Bode, 2004).
The models to predict the pod production of
the two fodder species contained different
structural parameters related to trees and have
different equation coefficients. This result
indicated that dendrometric traits of trees have
a variable influence on fruit production. The
pod production of P. africana on the slopes
and plateaus is lower than its pod production
in the low-lying locations. This could be
explained by the fact that the low-lying retain
moisture for longer periods than the slopes
and plateaus. However, P. africana is a
species that naturally occurs in areas with an
average annual rainfall that is greater than
1000 mm, while in the Ouara area, in recent
decades there has been an average annual
rainfall of below 1000 mm. This assertion is
supported by several authors who have
confirmed that rainfall shortages and drying
winds have induced fruiting abortions that
have directly reduced fruit production (Okullo
et al., 2004; Berjano et al., 2006).

Compared to P. africana where the
best-fit models are produced by using the
crown and circumference parameters, for P.
thonningii the total height produces the best-
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fit model with a value of R? close to 1 (0.96).
Also, Lompo et al. (2018) found a best-fit
model to predict fruit production of Ximenia
americana used tree height. The production
per individual tree of P. thonningii is greater
than those obtained by Kima (2008) and
Sanou (2005). This difference could be
explained by the high density of the adult
individuals of the species at Gombeledougou.
Indeed, the high density of individuals in an
area leads to strong competition for nutrients,
resulting in a decrease in production. The
savanna-woodlands of Burkina Faso are
strongly characterized by different regimes
and frequencies of disturbances (i.e. fire,

cutting, pruning of fodder tree species, and
conversion of forest space to agriculture land)
and environmental conditions (i.e. rainfall
variability drying winds, low soil fertility)
(Sawadogo et al., 2010). Thus, in the light of
these biotic and abiotic factors, it seems
difficult and not recommended to apply the
same formula to predict pod production of
fodder trees species at different savanna-
woodlands location throughout West Africa
(Bognonou et al., 2013). According to
Bognonou et al. (2013), the application of the
same formula may either over- or under-
estimate the biomass, depending on species
attributes.

Table 5: Allometric equations relating species-specific pods productions (PP) to the circumference
at 1.30 m (Circ), crown cover (Cover) and height (H) of Piliostigma thonningii and Prosopis

Africana.

Species Location Allometric equations R’ P
PP = - 28.67+5.25 (Cover_E-W) 0.31 P<0.0001
PP =-20.41+5.24 (Cover_ N-S) 0.42 P<0.0001

Prosapis africana Ouara PP = -23.53 +36.46(Circ) 0.44  P<0.0001
PP = -37.57 + 0.13 (Cover_E-O) 0.50 P<0.0001
+ 3.64 (Cover_ N-S) +24.95
(Circ_1.30)

I PP=0.5606Circ” "% 0.86  P<0.0003
Piliostigma Gombeledougou
thonningii g PP=2.0536¢" 126" 0.96  P<0.0001

E-W: East-West, N-S: North-South.

Conclusion

This study examined the species
composition, population structure and pod
production of the two fodder species
Piliostigma thonningii and Prosopis africana
along a toposequence at two sites in western
Burkina Faso. The results showed differences
in species composition depending on the
topographic position and that the species have
different  site  preferences.  Piliostigma
thonningii has a better regeneration status than
P. africana, based on its diameter class
distribution and densities of seedling
populations. A low similarity in tree species
composition between the toposequence sites
(plateaus versus low-lying, low-lying versus
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slope) showed a high beta diversity and
reflects differences in habitat conditions,
topography and distances between sites. For
the prediction of pod production, the results
revealed that the equations varied within
species, depending on the different regimes
and frequencies of disturbances and
environmental conditions. Pod production of
P. thonningii and P. africana was successfully
predicted based on the stem circumference
and total height, and crown cover and
circumference, respectively. These
dendrometric traits that can facilitate fodder
availability evaluations should receive greater
consideration in the management of natural
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pastures throughout West African savanna-
woodlands.
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