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EXECUTIVE SUMMARY 

Burkina Faso is a West African country in the Sudano-Sahelian zone facing severe land 

degradation that threatens the food producing capacity of local communities. In the village 

of Yilou on-going field-studies are exploring the capacity of native evergreen woody shrubs 

to restore and sustain soil fertility by applying woody and foliage material as a mulch cover. 

The present study aimed at quantifying and characterizing the standing biomass available 

across the village of Yilou with special reference to its perspective use as soil amendment 

material. 

A systematic sampling of the vegetation was applied accross the whole area and 

dendrometric parameters of the identified plants were recorded. More than 75% of the 

whole area was dominated by three shrub species : Piliostigma reticulatum, Guiera 

senegalensis and Combretum micranthum. 

Using allometric equations the dendrometric parameters allowed assessment of above-

ground biomass and three predictive models were used for estimating total standing 

biomass at the landscape level. The outputs ranged from a median of 6.3 to 10 tons of total 

biomass (kg DM.ha-1). The median value  standing biomass potentially available for soil 

amendment coming from either Piliostigma reticulatum, Guiera senegalensis, Combretum 

micranthum and Cassia Siberiana as representative shrub species was  746 kg DM.ha-1. 

Considering that only small twigs and leaves are actually left on the ground for amending the 

soil a more realistic estimation gave a result of 320.6 kg.ha-1. 

No close relationships were found between biomass quantity and species diversity. Based on 

the current study it is concluded that the woody biomass available for soil amendment is 

rather scarce across the landscape of Yilou.  One of the first recommendation would be to 

stimulate the integration and spread on species such as Piliostigma reticulatum or Guiera 

senegalensis within and/or around the farming plots as an integrated perennial crop in order 

to maintain a regular source of soil amendment material.  
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I. INTRODUCTION/BACKGROUND 

 

Land degradation in Sudano-Sahelian agro-ecosystems can be extensive and has been well- 

documented (Breman et al., 2001; Hessel et al., 2005; Roose et al., 1999; Scopel et al., 2012). 

Land degradation has major consequences on soil productivity and threatens local 

ǇƻǇǳƭŀǘƛƻƴΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ǎǳǎǘŀƛƴ ǘƘŜƳǎŜƭǾŜǎ ōȅ ǳƴŘŜǊƳƛƴƛƴƎ ŦƻƻŘ ǇǊƻŘǳŎǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ 

soil production capacity (Bationo et al., 2007). Increasing human population places 

additional pressure on land and resource availability, driving communities to modify their 

agricultural practices and eventually to abandon traditional techniques, such as use of mid- 

and long-term fallows (Bonetti and Jouve, 1999). Since the most fertile lands typically are 

already being farmed, marginal lands are increasingly being used for agricultural production 

(Tittonell, 2013). As these marginal lands are usually not necessarily suitable for farming 

purposes, the resulting yields are more likely to be insufficient, even with the application of 

synthetic inputs (Bationo et al., 2007). Moreover, these soils in addition to being less 

productive may also be more prone to soil degradation. Other factors, including limited and 

unreliable rainfall, extreme high soil and air temperatures. Moreover, most soils have low 

clay content and along with poor soil structure this limits water retention and storage 

capacity and soil compaction and crusting may also occur.  Degraded soils often are non-

responsive to inorganic fertilizers inputs. Therefore, organic matter levels must also be 

restored to improve inherent soil structure and water-holding capacity (Tittonell et al., 

2012). Moreover, access to external inputs for marginalized farmers is limited as these 

farmers are usually extremely poor. For example, in 1997, farm gate price of urea was US$ 

350 mt-1 in Burkina Faso as compared to US$ 175 mt-1 in the Netherlands (Breman et al., 

2001).  

Land degradation and loss of productive capacity of the soil is not only occurring due to 

inadequate farm management practices or monetary constraints (Lal, 2012). Unfavorable 

environmental conditions, such as successive years of drought, may also threaten food 

ǎŜŎǳǊƛǘȅ ƻŦ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ŀǎ ƘŀǇǇŜƴŜŘ ŘǳǊƛƴƎ ǘƘŜ тлΩǎ ŀƴŘ улΩǎ ƛƴ ǎŜǾŜǊŀƭ ŎƻǳƴǘǊƛŜǎ ƻŦ 

West Africa (West et al., 2008). After this crisis, many development projects contributed to 

dissemination  of  soil and water conservation (SWC) techniques (SWC; Mazzucato et al., 

2001; Reij, 2004). These SWC techniques include the installation of contour stone bounds to 

limit erosion and the promotion of zaï, a traditional micro plant-basin soil restoration 

technique to capture water and eolian  sediments, concentrating organic matter input 

around plant holes (Roose et al., 1999). These SWC techniques play a key role during the first 

step to aggrade [as opposed to degrade] heavily degraded lands (Scopel et al., 2012). 

Especially when combined with use of organic mulches, SWC techniques  may significantly 

accelerate soil aggradation processes (Lahmar and Yacouba, 2012)  
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In addition to this fallows have been traditionally used in semi-arid West Africa (Wezel and 

Rath, 2002) to restore inherent soil fertility through an accumulation of soil organic carbon 

content and in situ nutrient catchment, thereby they can enhance crop production during 

subsequent  agricultural cropping cycles (Bationo et al., 2007; Wezel and Rath, 2002). 

However, only after at least fifteen years a significant increase in soil organic matter may 

occur which is required to restore full soil fertility (Wezel and Rath, 2002). In the Sudano-

Sahelian region, a decrease of traditional fallow system practices in terms of both frequency 

and duration has been documented (Mazzucato et al., 2001). 

In this context, application of locally available organic amendments such as crop residues, 

manure (Roose and Barthès, 2001), compost (Prosper, 2008), household wastes (Breman, 

2002), and woody biomass (Tittonell, 2013), may constitute a viable alternative to restore or 

maintain soil productive capacity (Bielders et al., 1998; Lamers and Feil, 1993; Roose and 

Barthès, 2001). However, in many cases use of native woody shrubs (NWS) has been 

documented in Centre-North Burkina Faso as being one of the few available sources of 

organic matter to amend soils (Lahmar et al., 2012; Yélémou et al., 2013). It was shown that  

use of this material as a mulch may also favour biological activity (Tilander,1993 In Wezel 

and Böcker, 1999). The traditional use of NWS in farmer fields has potential to restore soil 

productive capacity in a cost-effective manner. Nevertheless in-depth research is needed to 

determine what factors hamper  its widespread adoption within Sudano-Sahelian farming 

systems. These may include conflicting allocation strategies and limited availability of woody 

materials at the landscape scale along with increased labour demands, which may be 

underlying the lack of adoption of use of NWS as mulch.  

Conflicting uses of woody materials, including NWS, have been reported for different 

activities such as fodder, construction material and cooking fuel  (i.e. Ganaba et al., 2004; 

Yélémou et al., 2007). There is a close relationship between pastoralists and crop farmers 

since the first rely on crop residues to feed their livestock during part of the year (Dongmo et 

al., 2012). Yélémou et al. (2007) stated that livestock grazing patterns and farming 

management strategies have a direct influence on the availability of NWS at the local level. 

Especially since many NWS are part of animal diets and in many cases when crop residues 

supply is not adequate then NWS are required to make up for this deficit. Identifying and 

describing communal spaces and interrelationships among farmers and herders seems also 

essential to understand availability and resource allocation patterns of woody materials and 

their potential use as soil amendments. Additionally, identifying plant species that are 

traditionally used as soil amendment is also relevant when studying the total availability of 

woody materials suitable for soil aggradation. For instance, in the village of Yilou in Burkina 

CŀǎƻΣ hǳŜŘǊŀƻƎƻΣa όнлмпΣ ǳƴǇǳōƭƛǎƘŜŘύ ŎƻƴŘǳŎǘŜŘ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ǇŜŀǎŀƴǘΩǎ ŦƛŜƭŘǎ ŀƴŘ 

evaluated the effects of allocating diverse quantities of a particular shrub species 
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(Piliostigma reticulatum) as mulch material on the production of sorghum and cowpea.  In a 

nearby location (Guié village), Kabore (2010)  identified five shrub and tree species 

traditionally used by farmers  as woody amendments, which also included Piliostigma 

reticulatum. In this context, improved assessment of the overall availability of woody 

materials suitable for soil aggradation requires a better understanding of the spatial 

distribution of selected species and the corresponding densities of NWS resources at the 

landscape level. It may be argued that by establishing spatial distributions of standing 

biomass and its availability for mulching in Sudano-Sahelian farming systems, its contribution 

to long-term and sustainable use of lands for agricultural production may be reinforced. 

However, relations between availability and effective use of NWS are not well understood 

and thus need to be mapped for local land use systems (Lahmar et al., 2012). 
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II. Research Scope 

The overall aim of this Master thesis is to diagnose the availability of woody biomass in 

relation to distinct landscape units in Yilou, a Sudano-Sahelian village of Burkina Faso, 

approximately 80 km from the capital Ouagadougou. The specific objectives of this study are 

to: 

1. Define vegetation classes according to species richness and composition for different 

landscape units. 

2. Develop and compile allometric relationships that allow assessment of standing 

biomass using non-destructive measurements for key species.    

3. Quantify woody aboveground biomass (AGB) availability and spatial distribution at 

the landscape level for each vegetation class. 

The corresponding research questions are: 

¶ What is the species composition at the landscape level in Yilou? 

Hyp 1: It is assumed that there are distinct vegetation types across the landscape in 

Yilou and that these govern the availability of standing woody biomass for soil 

aggradation purposes. 

 

¶ What are the key parameters and allometric equations that may be used to 

estimate biomass of the most common  species occurring in the landscape? 

Hyp 2: It is assumed that standing biomass can be captured by simple allometric 

models  that are based on non-destructive measurements. 

   

¶ What is the available standing woody biomass at the landscape level in Yilou? 

Hyp 3: It is assumed that vegetation composition and its corresponding  biomass 

quantity are related to each other as illustrated by an hypothetic scenario of Fig.  1 

below. 

 

 

 

 

¶  

¶  

¶  

 

 

Figure 1. Hypothetic relationships between species diversity and available biomass. G. Félix (2015). 
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¶ How much potential standing woody biomass is available for soil amendment and 

is this  evenly distributed across the landscape? 

Hyp 4: It is assumed that woody biomass for soil amendment concern mostly shrub-

shaped species and  that the quantity available is not distributed evenly. 
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III. Materials and Methods 

3.1. FIELDWORK SITE 

The village of Yilou (13°1ǋN 1°33ǋW) is situated in the Sudano-Sahelian area of Burkina Faso 

(Figs. 2 and 3) which typically features short but intense rainfall events concentrated in a 

single rainy season of 4-5 months  (Wezel and Rath, 2002). The village is located in the in the 

Sudano-Sahelian region in the department of Guibaré, province of Bam, approximately 80 

km North of Ouagadougou the capital of Burkina Faso.  

  

 

 

 

 

 

In the North-central part of the country  

crusted lithosol, leached ferruginous soils 

prevail, which includes hydromorphic and 

sodic soils and poorly evolved and/or 

eroded soils (BUNASOL, 1995). These soils 

are low in phosphorus, nitrogen and organic 

matter as they are generally degraded 

because of strong hydric and windy erosion 

as well as degradation due to human 

activity. This leads to a decline of inherent 

soil fertility which in turn has a negative 

impact on productivity, crops yields and 

agro-pastoral production (Ouedraogo, 2014).  

In Yilou tropical leached ferruginous soils tend to prevail and depending on the texture we 

can distinguish three categories: sandy soils estimated for more than 50% of the area while 

the remaining soils include clayey and gravely sandy soils. There is also presence of 

hydromorphic soils especially in the low land where rice is traditionally grown.The National 

road 22 going to Kongoussi passes through the village, thus providing local farmers with 

access to markets to transport their products (Tittonell et al., 2012). The annual rainfall 

amounts to 400-600 mm (Diarisso et al., 2012) and the rainy season lasts from June to 

Figure 3. Location of Yilou in the province of Guibaré. 

M.Ouedraogo (2014). 

Figure 2. Sahelian zone in West Africa based on mean 

annual rainfall 1961-1990 (Wezel and Rath, 2002)  

http://tools.wmflabs.org/geohack/geohack.php?pagename=Yilou%2C_Burkina_Faso&params=13_1_N_1_33_W_type:city%283487%29_region:BF
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October. Most agricultural systems are mixed farming, including cattle and food crops such 

as millet  and sorghum intercropped with legumes such as cowpea (Tittonell et al., 2012). 

There is increased grazing pressure associated with pastoral activities and this reduces the 

availability of crop residues for soil aggradation purposes including using crop residues 

mulching as a soil cover. In general, livestock gets first access to this resource and especially 

during the end of the dry season there is an acute shortage of forages and prices for 

sorghum stalks are disproportionally high  (Tittonell et al., 2012) 

3.2. CHARACTERIZATION OF SPECIES COMPOSITION  

This section aims at presenting the methodology addressing the first objective and its related first question 

regarding the species composition at the landscape level of Yilou. 

In the Guié region, where a similar research study was conducted (Kabre, 2010) the 

availability of woody biomass for soil amendment was observed to be quite limited. One of 

the key requirements in such situation is to first map the spatial distribution of naturally 

occurring  shrubs and trees that may be used as soil amendment within the landscape. In 

order to get an estimation of vegetation composition and density in our field work we first  

laid-out two transects of four kilometers in a West-East and North-South direction as shown 

in Fig. 4 This transect was then used to get a first overview of vegetation distribution, species 

richness and density across the landscape.  

 
Figure 4.vegetation transects done across Yilou. Basemap source: Google Earth, Waypoint references by: G. Félix. 
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BŀǎŜŘ ƻƴ ŦŀǊƳŜǊΩǎ ŀǎǎǳƳǇǘƛƻƴǎ, these two transects covered approximately half of the Yilou 

territory, After delineation of the village limits by local informants, the coordinates of the 

boundaries were recorded using a GPS device (Extrex 20, Garmin, Eastern Creek Australia). 

The transects were established by evaluating the heterogeneity of vegetation distribution as 

obtained from Google Maps. It was assumed that the transects would provide a 

representative overview of the different vegetation types within the sampling region and 

were indicative of prevailing landscape characteristics. 

Along the first transect (North-South) we randomly identified and georeferenced shrub and 

tree species when meeting interesting vegetation characteristics. Afterwards we chose for a 

systematic approach along the second transect (West-East) and referenced vegetation 

characteristics every 50 meters in a radius of 10 meters as well as landscape characteristics 

in order to establish a vegetation gradient.  These two different approaches were applied in 

order to determine which one could be the most appropriate when doing the complete 

inventory of the Yilou territory. The location of species were all recorded using a GPS device 

with an  accuracy of approximately 3 meters. Along the transects and later on for each 

sampling quadrat, the following parameters were characterized:  

-  Soil surface characterization (slope, roughness, soil cover,  

-  Geomorphology (depth to confining [laterite] layer) 

-  Vegetation characteristics (species diversity and abundance) 

-  Presence of animals (or traces, i.e. faeces) 

-  Infrastructure and buildings 

-  Land uses 

This information was used then to relate plant species to soil type as we assumed that 

spontaneous vegetation is a good indicator for establishing soil characteristics (Weigel, 

1994).In Sudano-Sahelian environment Weigh (1994) defined six types of soil based on 

vegetation composition: low-land soil, lateritic soil, poor forest soil, degraded farming soil, 

good farming soil, bŀŎƪǿŀǘŜǊ όǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ŀǎ άƳŀǊƛƎƻǘέύ 

These soils are characterized by specific natural and cultivated vegetation types (see Fig 5).  

In Appendix 1 an example of a simplified ecology of several forest species and the related 

soils that they can be associated with is presented. During our inventory we use this method 

to estimate the dominant type of soil for each plot and additional details are provide in the 

results section. 

 

 

 

Figure 5. The six soil classes identified by J.Weigel (1994). 
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3.3. VEGETATION SAMPLING 

After the completion of the two transects vegetation characteristics we chose to apply a 

systematic sampling method based on the work of (Kabre, 2010) and (Cabral, 2011) which 

will also allow for comparisons. Moreover, this method appears to be relatively easy and 

cost-effective to implement while also being accurate.  

Plot size and distance. 

Our sampling scheme was inspired by previous work done by Kabre (2010) and Cabral (2011) 

who both performed a vegetation inventory in Burkina Faso following two distinct sampling 

plot size and distance (Kabre used   50*50 m 

squared plots, spaced at 800 m each while 

Cabral used 25*25 m plots with a distance of 

500 m). Similar to Cabral (2011) and Kabre 

(2010) we performed a trial sampling with 

four persons on a squared 50x50 m plot 

(Fig.6). 

 

 

 

Based on time constraints there was about three to four weeks dedicated for the inventory. 

The official boundaries of the Yilou territory do not formally exists but were based on  

ŦŀǊƳŜǊΩǎ ǘŜǎǘƛƳƻƴȅ. It was decided to base our sampling scheme on a squared grid system 

delimiting by the north, west, east and south borders that we recorded with the GPS. This 

delineated an area of 6x7 km which translated to a total area of 4200 ha. Since the 

vegetation type of Yilou is quite similar to Guié we could have used the same spacing  

between monitoring plots and used the same number of obersvations.  

However, extremely high temperatures (45-50 C in the shade during  April-May) limited the 

number of hours we could work during the day,  therefore we used a spacing of 1000 m 

between each plots resulting in a total of 42 plots (Fig.7) of 50x50 meters each, representing 

10.5 ha in total  which translates to a  sampling coverage rate of 0.25% of the total land area.   

Figure 6. Own sample scheme. The red dot represents 

the North-West corner of the sampling plots 
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3.4. VARIABLES MEASURED  

For every sampling plot the following parameters of all trees and shrubs present were 

measured as below and entered in MS Excel data sheet that is presented in Appendix 2: 

-  Species. these were identified visually with the help of a botanist 1 during the first two 

weeks and then with the assistance of two local technical support staff. 

-  Tree diameter at breast height (commonly done at 1.3 meters). We used a graduated 

tape especially made for forest inventories as it shows two different kind of measures: 

one side shows the circumference while the other the diameter. When the shape of the 

trunk did not follow a circular pattern or was not possible to access (for species such as 

Balanites aegyptiaca for instance which have spikes) we measured at an alternative  

                                                                 

1
 Botanist named Daniel Kibora, Institute  INERA ( Lƴǎƛǘǳǘ ŘŜ ƭΩ9ƴǾƛǊƻƴƴŜƳŜƴǘ Ŝǘ ŘŜ wŜŎƘŜǊŎƘŜǎ !ƎǊƛŎƻƭŜ) s in 

Ouagadougou. 

 

 
Figure 7.Sampling grid used in Yilou. Each quadrant represents a 1 x 1 km region and at each intersection 

of horizontal and vertical lines a 50 x 50 m field was being measured out. Within this 2500m2 area the 

frequency and biophysical characteristics of perennial plants. 

Figure 8..Guide for determining DBH for abnormal trees (Weyerhaeuser and Tennigkeit, 2000) 




































































