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Abstract

In order to determine the exploitation of grazing areas in the outskirts of Ouagadougou by cattle herds, the grazing
behaviour of cows was monitored in five villages in these during three distinct seasons, namely wet, cool dry and hot
dry season. A vegetation study including a census of the woody and herbaceous stratum of grazing areas allowed
for an assessment of the pasture biomass availability during the wet season. Results of the monitoring of cattle herds
showed that the land type grazed by cattle in the outskirts of the city varied depending on the season. While fallows
and post-harvest fields constituted the main land type grazed by cattle in the wet and cool dry season, respectively,
cattle herds exploited a variety of land types in the hot dry season. Consequently, cows travelled longer distances and
spent more time on walking and browsing and less time on grazing in the hot dry season than in the cool dry and
wet season. The pastoral value of grazing areas during the wet season, an important indicator for the quality of the
grazing areas being based on the pastoral composition and the global quality index, was estimated at 61.1 %. The
biomass was mainly dominated by annual grasses and legumes. The total annual above-ground biomass produced
amounted to 575 kg DM ha™!, equivalent to a qualified forage production of 324 kg DM ha~! and a carrying capacity
of 0.084 TLU ha™!. In total, over 100 different herbaceous and 48 woody species were identified, each belonging to 20
families. Despite a high diversity of woody and herbaceous species, it is recommended to reduce the grazing pressure

of cattle herds in the outskirts of Ouagadougou by addressing alternative feeding strategies.

Keywords: Biomass availability, carrying capacity, cattle herds, grazing behaviour, plant species diversity

1 Introduction

The livestock production systems encountered in Burkina
Faso are extensive, improved semi-intensive and intensive
systems. Among the improved systems, peri-urban livestock
production is developing, favoured by urbanisation and the
growing demand for animal products in large cities (Roessler
et al., 2016). This livestock system has enormous potential
due to the proximity to livestock feed industries, veterinary
services, livestock and fodder markets and the presence of
water resources (Sanou, 2011). Nevertheless, this type of
farming is still confronted with numerous constraints that
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limit its further development. The main constraint remains
the unavailability and non-accessibility of livestock feed re-
sources of sufficient quality and quantity throughout the year
(Amole & Ayantunde, 2016). Livestock farming in the out-
skirts of Ouagadougou also exploits the natural fodder re-
sources available in fallows or post-harvest fields, savannahs
and shallows, which constitute natural pastures in urban and
peri-urban areas, which are freely accessible for livestock
herds for grazing. However, the spatiotemporal availability
and productivity of these natural fodder resources are vari-
able (Kiéma er al., 2014; Diawara et al., 2018).

Indeed, urbanisation, rapid expansion of cultivated areas,
repeated droughts, soil erosion and degradation of the veg-
etation cover caused by humans and animals have greatly
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reduced pastoral areas and caused the degradation of natural
resources (Kiéma et al., 2012). However, little information
exists on the contribution of grazing areas to the feeding of
cattle herds and on the effects of grazing on the diversity
and the biomass availability on grazing areas, particularly in
the outskirts of Ouagadougou. This study therefore aimed at
assessing the pasture biomass availability, species diversity
of woody and herbaceous plants and seasonal variation in
grazing behaviour of cattle in the outskirts of Ouagadougou.
This information is urgently needed to derive recommend-
ations that will lead to reduction in the grazing pressure of
cattle herds in the outskirts of large urban centres as Ou-
agadougou.

2 Materials and methods

2.1 Study site

The study was conducted in the outskirts of Ouagadougou,
capital city of Burkina Faso, West Africa. Four villages
within a radius of 12-23 km from the city centre between
1°23 and 1°37 W, and between 12°11 and 12°28 N, were
selected, namely Boassa, Kamboinsé, Koubri and Pon-
somtenga. Ouagadougou is located in the northern Sudanian
climatic zone, which is characterised by a mono-modal rainy
season and a long dry season (UN-Habitat, 2007). Climate
records over the past 10 years indicate an average annual
rainfall of 801 mm. Monthly rainfall in Ouagadougou in
2014 indicates that August remains the wettest month, with
223 mm of rainfall (Direction générale de la météorologie de
Ouagadougou, 2014). There are two main vegetation types:
A shrub savannah and a tree savannah with Vitellaria para-
doxa C.F.Gaertn., Lannea microcarpa Engl. & K. Krause
and Anogeissus leiocarpus (DC.) Guill. & Perr. as domin-
ant species (Nikiema et al., 1998). All the grazing areas in
the study sites were savannah, fallows or uncultivated crop
fields.

2.2 Cattle herds and seasons

Five cattle herds were selected for the present study, one
each in Boassa, Koubri and Ponsomtenga, and two in Kam-
boinsé. The choice of herds was based on the size of the herd
(=10 cattle), year-round grazing of cattle and the willingness
of the herd owner to participate in the study. The number of
cattle per herd ranged from 13 to 70 animals (average 30
animals), with seven to 34 cows (average 16 cows) during
the study period. The Sudanian Fulani/Peulh, Azawak and
Gudali zebu were the dominant cattle breeds. The herds
were monitored during three seasons, namely the hot dry
season (March-May 2015), the rainy season (June-October

2015) and the cool dry season (November/December 2015-
February 2016) in order to understand the seasonal variation
in pasture biomass availability, species diversity and graz-
ing behaviour of cattle. The herds were followed on pasture
in the company of the shepherd. At the beginning of each
data collection period, the grazing areas of each herd were
located and geo-referenced.

2.3 Data collection

2.3.1 Vegetation study

The vegetation study included a census of the woody
and herbaceous stratum of grazing areas used by the stud-
ied cattle herds during the wet season, when biomass pro-
duction is at its peak (Veenendaal et al., 2015). We used
APG III (2009) for the taxonomic reference. The census of
the woody stratum was carried out by exhaustive and dir-
ect counting of the plant species present in 50 X 50 m plots
(Botoni Liehoun et al., 2006). In each study site, 3-5 rep-
resentative plots were randomly selected for each type of
grazing land (savannah, shallow, fallow, post-harvest field)
when present, totalling 92 plots. The vertical structure of the
woody vegetation was assessed on the basis of the represen-
tation of species according to their height class. Two strata
(A and B) were defined: Stratum A which corresponds to
woody species <2m in height and stratum B which repre-
sents those > 2 m in height (Daget & Poissonnet, 2010). The
names of all woody species were recorded for stratum A and
stratum B in each plot. For the census of the herbaceous
stratum, we used the quadrat point method (Daget & Pois-
sonet, 2010). For the sampling, a plot size of 10 X 10 m was
chosen. Nine plots were sampled per study site, compris-
ing three replicates of three levels of apparent biomass pro-
duction (maximum, average and minimum). This resulted
in a total of 45 sampling plots. Observations were made
every 20 cm along the two diagonals of each plot, a total of
900 points in each 10X 10 m plot. In each of the 45 plots,
four subplots of 1 m? were randomly chosen for destructive
vegetation sampling (Daget & Poissonnet, 2010). The total
weight of the freshly harvested samples was determined im-
mediately after harvest, followed by sorting the species by
biological type (annual - Ga, and perennial grasses - Gp, an-
nual -La, and perennial legumes - Lp, and forbs - Fb), and
the fresh weight of each of the plant categories was recorded.
Two samples of each plant category were taken and dried in
an oven at 105 °C for 24 h to determine the dry matter con-
tent (DM).

2.3.2 Monitoring of grazing behaviour on pasture

The grazing behaviour of 15 cows (three per cattle herd)
was monitored in all three seasons. The cows were selec-
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ted based on their docility and a good health status. Bulls
were not selected because they often leave the herd in search
for mating females in other cattle herds and therefore do not
represent the general movement pattern of the entire herd.
Each cow was fitted with a GPS tracking collar (Holux M-
241, Holux Technology Inc., Hsinchu, Taiwan; Trackstick
II, Telespial Systems Inc., Burbank, USA), which recorded
the grazing movements and the length of the daily grazing
itineraries of the animal by logging the geographical posi-
tion every 1-120 seconds over three consecutive days within
each season. Additionally, the grazing behaviour of each
collared cow was observed from a reasonable distance with
binoculars for one of the three observation days. The obser-
vation started with the departure of the cattle herd from the
homestead (usually between 8:00 and 12:00 a.m.) until their
return (usually between 14:00 and 18:00 p.m.). The method
is derived from that of Dicko & Sangaré (1986). It con-
sists of observing the activities of the cow, which are graz-
ing (consumption of grasses, dicotyledonous herbs and crop
residues), browsing (consumption of fresh or dry leaves,
flowers, fruits, and pods of shrubs and trees), watering, walk-
ing, social activities, and resting without or with rumination
at five-minute intervals. In addition, the type of grazing
land was recorded, using the following broad six categor-
ies: Savannah, shallow, fallow, post-harvest field, road, and
dwelling area. Savannah is characterised as uncropped land
with natural vegetation, whereas fallow represents land that
was formerly planted with crops. Post-harvest fields include
maize, sorghum and millet fields after harvest. Shallows are
defined as flooded areas (flood plains) and dams where there
is no water during the dry season, but fresh grasses for ani-
mal grazing.

2.4 Processing of data and statistical analyses

2.4.1 Pasture biomass availability and species diversity

The species richness and density were determined for the
census of woody plants. Species richness is defined as the
total number of species encountered at a site, while the dens-
ity is the number of individuals of a species per unit area
(individuals/ha). For the herbaceous stratum, the frequency
(FS;) and specific contribution (CS;) of each species were
calculated. CS; was used to calculate the pastoral value of
the herbaceous layer which determines the quality of the pas-
ture. The following equation was used (Akpo & Grouzis,
2000):

VP(%) = %Z(CS,»XIS) (1

where VP (%): Pastoral value in percent, %: Coeflicient for
the biomass that is potentially consumable over the year,

CS;: Specific contribution of species i, and IS : Species qual-
ity index. IS ranges between 0 and 3, with species not con-
tributing to the pastoral value having an IS equal to 0, and
those contributing to a low, medium and high pastoral value
having an IS value equal to 1, 2, and 3. The total amount
of herbaceous biomass and the total amount of qualified for-
age biomass (both in kg dry matter per hectare, DMha™')
were estimated. The latter was obtained by multiplying the
total amount of herbaceous biomass by the overall pastoral
value of the herbaceous layer. The amount of qualified for-
age biomass was then used to determine the carrying capa-
city (CC) of the pasture. We used the general procedure that
consists of multiplying the total amount of qualified forage
biomass by a correction factor k; and then dividing by the
average yearly feed requirements of a livestock unit. Fol-
lowing Tiendrébeogo & Sorg (1997), we used a correction
factor of % and a daily feed intake of 6.25kg DM TLU"!. It
is commonly assumed that a tropical livestock unit (TLU) is
an animal of 250 kg live weight.

Finally, species diversity was calculated for both woody
and herbaceous plants, using various diversity indices, in-
cluding the Shannon index which combines the species rich-
ness and abundance, Pielou’s eveness which compares the
relation of abundance among species, and the Simpson in-
dex which expresses the probability that two individuals ran-
domly selected from all individuals in a recording do not be-
long to the same species.

2.4.2 Grazing behaviour and GPS tracks

GPS recordings of individual daily tracks were transferred
to a computer using the HOLUX ezTour and Trackstick
Manager software. Incomplete or inconsistent records were
removed from the database, resulting in a set of 92 GPS track
records for statistical analysis. The daily distance covered
during grazing by each cow was directly obtained from the
GPS device. It was noted by the observer once the GPS had
been removed from the animal upon return to the farm. The
total daily time spent on pasture is the time interval between
the departure from the farm and return of the cattle herd from
pasture. The percentage of time spent on each activity on
pasture was calculated in relation to the total time spent out-
side the farm.

Microsoft excel was used to enter and process the quant-
itative data. XLStat software version 2015 was used for the
statistical analyses. Analysis of variance (ANOVA) was used
to test the possible effects of the season on time spent on
activities during grazing, average grazing time, average dis-
tance walked for grazing and the type of grazing areas used
by the studied cattle herds. The Newman-Keuls posthoc test
was used for pairwise comparisons of means. Data normal-
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Table 1: Seasonal preferences of the land type grazed by cattle herds in the outskirts of Ouagadougou.

Itineraries  Shallow Post-harvest  Fallow Savannah  Settlement Road
field

Season N Share (% of time)

Wet 15 1.1¢ 0.0¢ 73.7° 8.7° 16.1 0.4
Cool dry 15 12.4¢ 68.7° 10.4¢ 8.6 0.0 0.0
Hot dry 15 41.8° 0.0¢ 21.2¢ 32.4b 4.5 0.1
SEM 27.1 38.0 35.1 22.4 23.4 1.0
P-value < 0.001 < 0.001 < 0.001 <0.01 0.15 0.48

SEM: Standard error of the mean. Means in the same column with different superscript letters significantly

differ at p <0.05.

ity was checked in XLSTAT using Shapiro-Wilk test while
variance homogeneity was checked using Levene’s test as
required for performing ANOVA. A general threshold value
of p<0.05 was used to assess statistically significant differ-
ences.

3 Results

3.1 Land types grazed by cattle herds

The land type used by cattle herds for grazing varied
between seasons (p <0.05) (Table 1). During the hot dry
season, cattle grazed mainly in the shallows and savannahs.
In the wet season, particularly fallow land was exploited to
meet the feed requirements of cattle herds. Finally, during
the cool dry season, cattle grazed the post-harvest fields with
millet, sorghum and maize stover, as well as legumes such
as cowpeas and groundnuts haulms (Table 1).

3.2 Floristic composition and species diversity of grazing
areas used by cattle herds

In total, 48 woody species belonging to 20 families were
documented for the land grazed by cattle herds in the out-
skirts of Ouagadougou. The most represented families were
Fabaceae (25.0 %), Combretaceae (16.7 %) and Anacardi-
aceae (14.6 %; Supplementary Table 1). The average density
of woody plants in the outskirts of Ouagadougou amoun-
ted to 665 trees ha™!, of which 493 treesha™! for stratum A
and 172 treesha™! for stratum B. High densities were ob-
served for the species Eucalyptus camaldulensis Dehnh. and
Guiera senegalensis J.F. Gmel. (187 individuals ha™' and
93 individuals ha~!, respectively), belonging to the famil-
ies Myrtaceae and Combretaceae. The different diversity
indices calculated for the 48 woody plant species were 4.2
(Shannon index), 0.7 (Pielou’s eveness) and 0.1 (Simpson
index), respectively.
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Fig. 1: Frequency (A) and specific contribution (B) of biological
types of herbaceous plants.

Ga: Annual grasses, Gp: Perennial grasses, La: Annual legumes,
Lp: Perennial legumes, Fb: Forbs.

For the herbaceous stratum, a total of 114 different spe-
cies from 20 different families were identified. The most
represented families were Poaceae (48.7 %) and Fabaceae
(15.7 %) (Supplementary Table 2). Fifty-three (53) species
out of the total of 114 species were Ga. Fb was numerically
the second biological type with 39 species, followed by La
(15 species), Gp and Lp with 4 and 3 species, respectively.
In terms of specific contribution of each biological type, Ga
(64.7 %) still came first, followed by La (25.5 %), Fb (5.0 %),
Lp (2.8 %) and Gp (2.0 %) (Fig. 1).
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The diversity indices attested a high diversity of the herb-
aceous flora and good distribution of individuals among the
recorded species (Shannon index: 4.7, Pielou’s eveness: 0.69
and Simpson index: 0.07). In spite of this, only five species
(or 4.3 %) had a CS; >5 %. These were Zornia glochidiata
DC. (14.3 %), Microchloa indica (L.f.) P.Beauv. (11.8 %),
Loudetia togoensis (Pilg.) C.E.Hubb. (10.2 %), Elionurus
elegans Kunth (8.6 %) and Brachiaria xantholeuca (Schinz)
Stapf (7.0 %). They were mainly represented by Ga of the
family Poaceae, except Zornia glochidiata which is an La.

3.3 Biomass production and pastoral value of the herb-
aceous vegetation

The herbaceous and qualified forage biomass produc-
tion of the land grazed by cattle in the outskirts of Ou-
agadougou was dominated by Ga (59.0 %) and La (24.0 %).
Accordingly, the total amount of herbaceous biomass and
the total amount of qualified forage biomass was calculated
at 575 +453.4kgDMha~! and 324 +255.6kgDMha™!, re-
spectively. The resulting CC was 0.05 + 0.037 TLU ha™! per
year. The herbaceous species’ distribution in the different
classes of specific pastoral quality was as follows: Species
with no pastoral value (IS = 0) 10, species with low pastoral
value (IS = 1) 50, species with medium pastoral value (IS
= 2) 28, and species with good pastoral value (IS = 3) 26.
Thus, the pastoral value of the herbaceous layer was estima-
ted at 61.1 %.

3.4 Grazing itineraries and grazing behaviour of cattle

The longest daily distances travelled by cattle herds in
the outskirts of Ouagadougou were recorded in the hot dry
season with an average of 11.4 km compared to 8.9 km
and 8.3 km respectively in the wet and cool dry seasons
(p<0.05). On the other hand, there was no difference
between the distances travelled during the wet and cool dry
seasons (p > 0.05) (Table 2). On the contrary, the daily graz-
ing time was relatively constant throughout all seasons, ran-
ging from 7.1 h in the wet to 7.3 h in the cool dry season.
The results did not reveal any significant difference in the
duration of grazing outside the farm. As a consequence, the
highest travel speed of cattle herds was calculated for the
hot dry, whereas it was comparable in the wet and cool dry
season (Table 2).

Despite the relatively constant daily pasturing time (mean
duration of the daily time spent on pasture) over the sea-
sons, the time spent by cattle on walking, grazing, brows-
ing and watering varied according to the season of the year
(Fig.2). Regardless of the season, the cows spent most of
the time on grazing, followed by the time spent on walking
and browsing. The time spent on grazing decreased from

Table 2: Grazing itineraries of cattle herds in the outskirts of
Ouagadougou.

distance duration speed
Itineraries in mean

Season n kmj/day h/day km/h
Wet 37 8.9¢ 7.1 1.2
Cool dry 39 8.3¢ 7.3 1.1
Hot dry 16 11.4° 7.2 1.6
SEM 3.30 1.11 0.35
P-value <0.05 0.89 -

SEM: Standard error of the mean. Means in the same column with
different superscript letters significantly differ at p <0.05.
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Fig. 2: Seasonal variation in the time spent on activities by cattle
on pasture.

the wet to the cool dry season and was lowest during the hot
dry season (all comparisons p < 0.05). For the time spent on
browsing, the opposite trend was observed. Here, the time
spent was low to negligible in the wet and the cool dry sea-
son, respectively, but increased significantly in the hot dry
season (p <0.05). According to the longer daily distance
travelled by cattle in the hot dry season, cows spent more
time on walking in that season as compared to the wet and
cool dry season (p < 0.05). There was an increase in the time
spent on watering from the wet season to the cool dry season
(p <0.05). The time spent on resting both with and without
rumination, and for social activities did not differ between
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the study seasons (p>0.05). The rest took place in a ly-
ing or standing position and depended on the shepherd who
forced the cows to rest in the afternoon for his own needs.

4 Discussion

4.1 Vegetation study

Shallows and savannahs constituted the main land types
grazed by cattle herds in the hot dry season. During that
period of the year, shallows (mostly flooding plains and dry
dams) with high residual moisture during the dry season al-
low the growth of young grasses which were available for
cattle grazing. These are very high in nitrogen but low
in dry matter at this stage (Breman & De Ridder, 1991).
The savannahs offered woody plants, especially leaves and
pods of Guiera senegalensis J.F.Gmel., Piliostigma reticu-
latum (DC.) Hochst. and P. thonningii (Schum.) Milne-
Redh., Acacia macrostachya DC., and Vitellaria paradoxa
C.F.Gaertn., that are also rich in nitrogen and quite rich in
tannins and minerals (Ickowicz & Mbaye, 2001). With the
cultivation of arable land in the wet season, cattle are kept
away from the cropped fields to avoid conflicts with farmers
(Vall & Diallo, 2009), and fallows remain the space in which
animals could graze without constraint during this period of
the year. After the crop harvest, during the cool dry sea-
son, cattle were allowed to graze millet, sorghum and maize
stubble, as well as the haulms of legumes such as cowpeas
and groundnuts (own data).

In the outskirts of Ouagadougou, the woody vegetation of
the different land types was mostly represented by the dom-
inant families typical of the northern Sudanese zone, namely
Fabaceae, Combretaceae and Anacardiaceae. These families
are indicators of changes in the state of the woody vegeta-
tion (Ngom et al., 2013). Especially the development of spe-
cies of the Combretaceae family, which dominated stratum
A in our study, may point to a certain ecosystem degrada-
tion (Savadogo, 2002). This family has been reported to be
well adapted to various stressors (Sarr et al., 2013), and has
a high capacity for vegetation regeneration through stump
release (Ngom eft al., 2013), despite its systematic elimina-
tion during clearing operations (Sarr et al., 2013). Accord-
ing to Boussim (2010), the northern Sudanian zone is the
most densely populated and the most intensely cultivated in
Burkina Faso, hence a very stressed vegetation physiognomy
is prevalent. Similarly, Béchir & Kaboré-Zoungrana (2012)
confirmed for the Sudanian zone of Chad that Anogeissus
leiocarpus (DC.) Guill. & Perr, Combretum collinum Fresen,
C. glutinosum Perr. ex DC., and Detarium microcarpum
Guill. & Perr. are the most represented species in terms
of regeneration with high density. Despite the predominance

of three families only, the low value obtained for Pielou’s
eveness (R) in our study indicated a high diversity of species
of the woody flora, while Simpson index (D) was medium,
showing a good distribution of individuals between species.

The herbaceous vegetation of the land types exploited by
cattle herds in the outskirts of Ouagadougou during the wet
season was dominated by Ga, especially of the family Po-
aceae. The predominance of Ga in the Sudanian savannahs
has also been noted by Kagoné (2000). The abundance of Ga
could indicate the low quality of fodder just after the period
of maximum biomass. After this phenological stage, Ga in
the form of straw provides a ration with low energy value and
very low nitrogen content (Zampaligré et al., 2013). This
predominance could be the cause of the fodder deficit in
the North Sudanian savannah during the dry season because
Ga are short-cycle plants. The high proportion of Poaceae
can be explained by their very high possibility of tillering
and regrowth after grazing, when environmental conditions
become favourable (Kouassi et al., 2014). Therefore, the
Ga contribute to the recovery of the herbaceous vegetation
cover. However, the decrease in CS; and FS; of highly pal-
atable species to the detriment of less palatable and invasive
species with low quality indices such as Microchloa indica
(L.f.) P.Beauv. could be an indicator of pasture degradation
(Kiéma, 2002). On the contrary, perennials are very sensitive
to rainfall variations The short duration of the rainy season
and the low total rainfall are not sufficient to support the sur-
vival of many perennials. In addition, the way rangelands are
exploited may negatively impact the presence of perennials
(Savadogo et al., 2009). The numerical abundance of Fb in
our study did not reflect their contribution to the recovery of
herbaceous vegetation, as has been confirmed previously by
Ouattara (2004) in the Sahel and Traoré (2015) in the clas-
sified forest of Dinderesso in the southern Sudanian zone.
In fact, the number of Da species recorded in the outskirts
of Ouagadougou was more than double that of La species,
however the CS; of the latter was four times that of the Fb.
The pastoral value of the herbaceous layer in our study was
clearly higher than the values reported by Yaméogo et al.
(2013) for the same area. Nevertheless, our results indicate
that pastures in the outskirts of Ouagadougou were not of
good quality. Indeed, the PV of a pasture depends on the
species encountered in the herbaceous layer. In general, it
decreases with increasing pastoral pressure due to the de-
crease in the contribution of palatable forage species (Botoni
Liehoun et al., 2006) which are over-exploited. In addition,
bush fires have been cited as a factor in decreasing the PV
of a pasture because they favour the development of annual
broadleaf weeds to the detriment of Gp (Sawadogo et al.,
2005).
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The herbaceous biomass of pastures obtained in this study
is much lower than that found by IUCN (2015) in the shrub
and grass savannahs of the northern Sudanian zone in east-
ern Burkina Faso, and by Yaméogo et al. (2013) in the
outskirts of Ouagadougou. The first report gave a variation
in herbaceous biomass from 734 to 3465kgDMha~!, and
the second gave a biomass between 2205 kg DM ha~! and
3335kgDMha~!. The lower herbaceous biomass availab-
ility in the present study can be explained by several factors,
including the structure of the herbaceous layer (Ouattara,
2004), and especially the strong contribution of Ga that we
recorded. In addition, a drop in rainfall, the decrease in graz-
ing land in favour of the expansion of the city and the cultiva-
tion of crops to meet the food and housing needs of a rapidly
growing population (Obulbiga et al., 2015), negatively im-
pact the length of fallow periods and increases the grazing
pressure.

Similar to the herbaceous biomass of pastures grazed by
cattle herds in the outskirts of Ouagadougou, the CC ob-
tained in our study was lower than that reported in Yaméogo
et al. (2013) for the same area (0.48-0.73 TLU ha™'). The
low CC in our study was linked to the low biomass availab-
ility of the pastures, which limits their capacity to support
livestock. CC is a good indicator of a sustainable manage-
ment of natural pastures. Nevertheless, it is difficult to calcu-
late the real CC of pastures in tropical areas (Traoré, 2015),
as the concept of CC presupposes that pastures have well-
defined limits, which are rarely found for extensive farm-
ing systems characterised by mobility of herders in search
of good pastures. Hence, the size of the area grazed by ex-
tensively managed livestock herds is difficult to assess. In
addition, the number of animals grazing communal land is
unknown. Finally, livestock consume only a fraction of the
biomass produced, hence the need to calculate the CC from
this fraction, known as the “carrying capacity of qualified
forage biomass”, which considers the palatability of herb-
aceous plants.

4.2 Grazing itineraries and behaviour

The smallest daily distances covered by cattle herds in the
outskirts of Ouagadougou were observed in the wet and cool
dry season. In fact, after the establishment of the rains and
the growth of herbaceous plants, the vegetation cover of the
natural rangelands becomes relatively abundant, homogen-
eous and continuous in the wet season. The herds moved
less, while devoting more time to grazing in that season.
This is in accordance with Zampaligré & Schlecht (2017)
who recorded a higher proportion of time spent on grazing in
the wet season compared to the hot dry season in the north-
ern Sahelian zone of Burkina Faso. In the cool dry season,

after harvest, cows grazed mostly crop residues in the post-
harvest fields (when not picked up by farmers), which re-
duced the need for long journeys in search of fodder. Simi-
lar observations were made by Ngom & Rippstein (2005)
in Senegal as well as Béchir & Kaboré-Zoungrana (2012)
in Chad, while Zampaligré & Schlecht (2017) observed no
seasonal difference in the walking distance of cattle in the
northern and southern Sahelian zone of Burkina Faso. Due
to the presence of crop residues in the fields during the
cool dry season, the time spent on grazing remained com-
parably high as compared to the hot dry season, when the
time spent on grazing gradually decreases with the disap-
pearance of herbaceous biomass and crop residues (Sanon &
Sanou, 2012). Instead, cattle increased the time spent on
browsing in the present study, either through direct feed-
ing on shrubs or with the help of the shepherd by prun-
ing or picking pods (Diarra, 2010). This confirms observa-
tions made in previous studies, e.g. Zampaligré & Schlecht
(2017), Béchir & Kaboré-Zoungrana (2012) and Onana &
Devineau (2002). Furthermore, the walking distance and
hence the time spent on walking by the cattle herds in the
outskirts of Ouagadougou significantly increased, while the
time spent on drinking water decreased as compared to the
other seasons. This was due to the shortage and dispersion of
forage and of watering points in that season (Zampaligré &
Schlecht, 2017), leading cattle to take long walks to explore
a greater diversity of environments in order to have enough
to graze (Sangaré, 2009) and drink. While surface water and
water holes for watering cattle herds dried out in the hot dry
season, no water problem was observed in the wet season be-
cause of the spread of surface water points. In addition, the
grass grazed by cattle during this period has high moisture
content which reduces the need for drinking water.

In contrast to the mean daily distances travelled by cattle
herds, no seasonal variation was observed for the mean time
spent outside the farm for grazing. This is consistent with
the study of Zampaligré & Schlecht (2017) in the north-
ern and southern Sahelian zone in Burkina Faso. In terms
of travel speed, the results indicate that during the hot dry
season, the speed of grazing cattle herds was higher due to
the fact that there are increasingly wide and frequent bare
patches without fodder on the rangelands as the dry season
progresses. Between these bare patches the animals walked
faster and without grazing to reach the places with fodder.
Travel speed is a good indicator of fodder availability and
the quality of the rangelands. When it is low, it indicates
abundant pasture rich in palatable species. Conversely, high
travel speed indicates low forage availability and poorly pal-
atable plants (Kagoné, 2000).
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5 Conclusions

It is concluded that pastures in the outskirts of Ou-
agadougou are subject to high anthropisation and overgraz-
ing, as indicated by the species composition and biomass
availability of the grazed lands. It is therefore becoming
urgent for rural development actors and herders to consider
reducing the animal burden on pastures and adopting alter-
native feeding strategies for peri-urban cattle herds.

Supplement

The supplement related to this article is available online on
the same landing page at: https://doi.org/10.17170/kobra-
202007291510.

Acknowledgements

This work was carried out as part of the UrbanFoodPlus pro-
ject, co-financed by the German Federal Ministry of Educa-
tion and Research (BMBF) and the German Federal Ministry
for Economic Cooperation and Development (BMZ) as part
of the GlobE - Research for the Global Food Supply Ini-
tiative (031A242-A). Special thanks go to Bokoum Hassane
and Ouédraogo Karim for their continued support in facilit-
ating data collection. We thank all cattle owners and herders
for their willingness to participate in this study.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Akpo L. E., & Grouzis, M. (2000). Valeur pastorale des
herbages en région sahélienne, le cas des parcours sahéliens
du Nord-Sénégal. Tropicultura, 18(1), 1-8.

Amole T. A., & Ayantunde, A. A. (2016). Assessment of ex-
isting and potential feed resources for improving livestock
productivity in Niger. International Journal of Agricul-
tural Research, 1(2), 40-55.

APG III. 2009. An update of the Angiosperm Phylogeny
Group classification for the orders and families of flower-
ing plants: APG III. Botanical Journal of Linnean Society,
161, 105-121.

Béchir A. B., & Kaboré-Zoungrana, C. Y. (2012). Fourrages
ligneux des savanes du Tchad: structure démographique

et exploitations pastorales. Cameroon Journal of Experi-
mental Biology, 8(1), 35-46.

Botoni Liehoun E., Daget, P, & César, J. (2006). Activités
de paturage, biodiversité et végétation pastorale dans la
zone ouest du Burkina Faso. Revue d’‘Elevage et de Mé-
decine Vétérinaire des Pays Tropicaux, 59(1-4), 31-38.

Boussim J. I. (2010). Phytogeographic zonation. In: Thiom-
biano, A. & Kampmann, D. (Eds.). Biodiversity atlas
of West Africa. Volume II: Burkina Faso. Goethe Uni-
versitidt. Ouagadougou, Burkina Faso and Frankfurt/M.,
Germany.

Breman H., & De Ridder, N. (1991). Manuel sur les patur-
ages des pays sahéliens. ACCT, Paris/CTA, Wageningen /
KARTHALA, Paris, France. 485 pp.

Daget P, & Poissonnet, J. (2010). Prairies et patur-
age: méthode d’étude de terrain et interprétation.
CNRS/CIRAD, available online http://umr-selmet.cirad.
fr/publications-et-ressources/documents-techniques [ac-
cessed 8 October 2018].

Diarra F. S. (2010). Evaluation de la contribution des
arbres et arbustes fourragers indigénes au bien-étre socio-
économique des paysans du terroir de Koutiala, au Mali.
M.Sc. thesis, University Laval, Québec, Canada. 92 pp.

Diawara M. O., Hiernaux, P. Mougin, E. Grippa, M. Dekon,
C., & Diakité, H. S. (2018). Effet de la pature sur la
dynamique de la végétation herbacée au Sahel (Gourma,
Mali) : Une approche par modélisation. Cahiers Agricul-
tures, 27(1), 15010.

Dicko M. S., & Sangaré, M. (1986). Feeding behaviour of
domestic ruminants in sahelian zone. In: Joss, P. J., Lynch,
P. W. & Williams, O. B. (Eds.). Rangelands: a resource
under siege. Australian Academy of Science, Canberra,
Australia, pp. 389-390.

Direction générale de la metéorologie de Ouagadougou.
(2014). Relévé pluviométrique de I’année 2014. Ou-
agadougou, Burkina Faso.

Ickowicz A., & Mbaye, M. (2001). Foréts soudaniennes et
alimentation des bovins au Sénégal. Potentialités et lim-
ites. Bois et Foréts des Tropiques, 270(4), 47-61.

Kagoné, H. (2000). Gestion durable des écosystemes
paturés en zone nord-soudanienne du Burkina Faso. Ph.D.
thesis, Faculté Universitaire des Sciences agronomiques
de Gembloux, Belgique, 237 pp. + annexes.

Kiéma, A. (2002). Ressources pastorales et leurs modes
d’exploitation dans deux terroirs sahéliens du Burkina
Faso. Mémoire de DEA en gestion intégrée des ressources
naturelles, IDR/UPB, Polytechnical University of Bobo
Dioulasso, Burkina Faso. 77 pp.



C. Sarambé et al. / J. Agr. Rural Develop. Trop. Subtrop. 121—2 (2020) 185-194 193

Kiéma A., Sawadogo, 1. Ouédraogo, T., & Nianogo, A.
J. (2012). Stratégies d’exploitation du fourrage par les
éleveurs de la zone sahélienne du Burkina Faso. Inter-
national Journal of Biological and Chemical Sciences,
6(4), 1492-1505.

Kiéma A., Tontibomma, G. B. & Zampaligré, N. (2014).
Transhumance et gestion des ressources naturelles au
Sahel: contraintes et perspectives face aux mutations des
systemes de productions pastorales. Revue VertigO, 14(3),
available https://doi.org/10.4000/vertigo.15404.

Kouassi A. F,, Koffi, K. J. N’Goran, K. S. B., & Ipou, L
J. (2014). Potentiel de production fourragere d’une zone
paturée menacée de destruction: cas du cordon littoral
Port-Bouét et Grand-Bassam. Journal of Applied Bios-
ciences, 82, 7403-7410.

Ngom B., & Rippstein, G. (2005). Etude du comportement
spatial et alimentaire des troupeaux bovins extensifs sur
parcours dans le massif forestier de Netteboulou en amén-
agement (Sénégal). Mémoire de DEA en productions
animales, Ecole IE des sciences et médécine vétérinaire,
Cheik Anta Diop, Dakar, Sénégal.

Ngom D., Fall, T. Sarr, O. Diatta, S., & Akpo, L. E. (2013).
Caractéristiques écologiques du peuplement ligneux de la
réserve de biosphere du Ferlo (Nord Sénégal). Journal of
Applied Biosciences, 65, 5008-5023.

Nikiema A., Ouédraogo. S. J., & Boussim, J. (1998).
Situation des ressources génétiques forestieres du Burk-
ina Faso. Note thématique preparée pour 1’atelier sous-
régional FAO/IPGRI/ICRAF sur la conservation, la ges-
tion, 1’'utilisation durable et la mise en valeur des res-
sources génétiques forestieres de la zone sahélienne. 22-
24 September 1998, Ouagadougou, Burkina Faso.

Obulbiga ML.F., Sanon, H. O., & Bougouma, V. (2015).
Amélioration de 1I’offre fourrageére par 1’association cul-
turale céréale-légumineuse a double usage en zone nord
soudanienne du Burkina Faso. International Journal of
Biological and Chemical Sciences, 9(3), 1431-1439.

Onana J., & Devineau, J. L. (2002). Afzelia africana Smith
ex Persoon dans le Nord-Cameroun. Etat actuel des
peuplements et utilisation pastorale. Revue d’‘Elevage et
de Médecine Vétérinaire des Pays Tropicaux, 55(1), 39—
45.

Ouattara F. (2004). Dynamique saisonniere de la disponibil-
ité des ressources en zone sahélienne et leur utilisation par
les petits ruminants domestiques: cas du terroir de Ton-
gomayel. Mémoire d’ingénieur, IDR/UPB, Polytechnical
University of Bobo Dioulasso, Burkina Faso. 139 pp. +
annexes.

Roessler R., Mpouam, S. E., Muchemwa, T., & Schlecht, E.
(2016). Emerging development pathways of urban live-
stock production in rapidly growing West African cities.
Sustainability, 8(11), 1199.

Sangaré M. (2009). Intéréts et limites de I’élevage
caprin dans les écosystemes fragiles et propositions
d’amélioration: cas des systemes d’élevage sahélien du
Mali. In: Pacheco F., & Morand-Fehr, P. (Eds.). Changes
in sheep and goat farming systems at the beginning of the
21st century: research, tools, methods and initiatives in
favour of a sustainable development. Options Méditer-
ranéennes, Série A, Séminaires Méditerranéens, 91, 151—
156. CIHEAM/DRAP-Norte/FAO, Zaragoza, Spain.

Sanon H. O., & Sanou, S. (2012). Effect of natural browse
fodder availability on feeding behaviour of goats. Live-
stock Research for Rural Development, 24(11), 205, avail-
able online http://www.lrrd.org/lrrd24/11/san024205.htm
[accessed 11 October 2018].

Sanou, L. (2011). Structure et productivité des patur-
ages dans la zone sahélienne: structure et productiv-
ité des paturages et de cinq especes fourrageres dans la
zone sahélienne du Burkina Faso. Edition européennes,
UPB/IDR, Ouagadougou, Burkina Faso, 89 pp. + annexes.

Sarr O., Ngom, D., Bakhoum, A., & Akpo, L. E. (2013).
Dynamique du peuplement ligneux dans un parcours agro-
sylvopastoral du Sénégal. Revue VertigO,13(2), available
online http://vertigo.revues.org/14067 [accessed 11 Octo-
ber 2018].

Savadogo P. (2002). Paturages de la forét classée de Tiogo :
Diversité végétale, productivité, valeur nutritive et utilisa-
tions. Mémoire d’ingénieur, UPB/IDR/Elevage, Polytech-
nical University of Bobo Dioulasso, Burkina Faso, 105 pp.
+ annexes.

Savadogo P., Tigabu, M., Sawadogo, L. & Odén, P. C.
(2009). Examination of multiple disturbances effects
on herbaceous vegetation communities in the Sudanian
savanna-woodland of West Africa. Flora, 204(6), 409—
422,

Sawadogo L., Tiveau, D. & Nygard, R. (2005). Influence
of selective cutting, livestock and prescribed fire on herb-
aceous biomass in the savannah woodlands of Burkina

Faso, West Africa. Agriculture, Ecosystems and Environ-
ment, 105, 335-345.

Tiendrébeogo J.-P., & Sorg, J.-P. (1997). Etude de la ca-
pacité de charge de la forét classée de Gonsé. Report,
Département Sciences Forestieres, Chair de Sylviculture,
Ecole Polytechnique Fédérale de Zurich, Switzerland.



194 C. Sarambé et al. / J. Agr. Rural Develop. Trop. Subtrop. 121—2 (2020) 185-194

Traoré C.T. (2015). Impact du paturage contr6lé des ru-
minants domestiques (bovins et ovins) sur la production
fourragere et la dynamique de la végétation de la zone
sylvo-pastorale de la forét classée de Dindéresso. Mé-
moire d’Ingénieur, UPB/IDR/Elevage, Polytechnical Uni-
versity of Bobo Dioulasso, Burkina Faso. 74 pp. + an-
nexes.

UN-Habitat. (2007). Profile urbain de Ouagadougou.
UNON, Publishing Services Section, Nairobi, Kenya.

Vall E., & Diallo, M. A. (2009). Savoirs techniques locaux et
pratiques: la conduit des troupeaux aux paturages (Ouest
du Burkina Faso). Nature Sciences Sociétés, 17, 122—-135.

Veenendaal E. M., Torello-Raventos, M., Feldpausch, T.
R., Domingues, T. F., Gerard, F., Schrodt, F., Saiz, G,
Quesada, C. A., Djagbletey, G., Ford, A., Kemp, J., Mar-
imon, B. S., Marimin-Junior, B. H., Lenza, E., Ratter, J.
A., Maracahipes, L., Sasaki, D., Sonké, B., Zapfack, L.,
Villarroel, D., Schwarz, M., Yoko Ishida, F., Gilpin, M.,
Nardoto, G. B., Affum-Baffoe, K., Arroyo, L., Bloom-
field, K., Ceca, G., Compaore, H., Davies, K., Diallo,
A., Fyllas, N. M., Gignoux, J., Hien, F., Johnson, M.,
Moughin, E., Hiernaux, P., Killeen, T., Metcalfe, D., Mir-
anda, H. S., Steininger, M., Sykora, K., Bird, M. L., Grace,
J., Lewis, S., Philipps, O. L., & Lloyd J. (2015). Struc-
tural, physiognomic and above-ground biomass variation
in savanna-forest transition zones on three continents —
how different are co-occurring savanna and forest form-
ations? Biogeosciences, 12, 2927-2951.

Yaméogo G., Kiéma, A., Yelemou, B., & Ouédraogo, L.
(2013). Caractéristiques des ressources fourrageres herb-
acées des paturages naturels du terroir de Vipalgo (Burkina
Faso). International Journal of Biological and Chemical
Sciences, 7(5), 2078-2091.

Zampaligré N., & Schlecht, E. (2017). Livestock foraging
behavior on different land use classes along the semi-arid
to sub-humid agro-ecological gradient in West Africa. En-

vironment, Development and Sustainability, 20(2), 731—
748.

Zampaligré N., Dossa, L. H. & Schlecht, E. (2013). Contri-
bution of browse to ruminant nutrition across three agro-

ecological zones of Burkina Faso. Journal of Arid Envir-
onments, 95, 55-64.



