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ABSTRACT  

Sub-Saharan Africa remains the most affected region by food insecurity and poverty. 

Unsustainable soil nutrient management undermines crop production. Also, climate 

change impacts on farming by disrupting nutrient cycles which are key to farm 

production. Studies revealed large negative nutrient balances in many farming systems. 

Population’s livelihood is at stake. There is a need to build resilient farming systems 

capable of improving soil nutrient closeness while ensuring efficient and profitable food 

production in climate change context. Farm resilience arises from internal decision 

making and from external decision making through policies and intervention measures.  

The main objective of this research is to contribute to building African 

smallholder farms’ resilience to climate change by analysing farms nutrient 

management use behaviour (decision making), soil nutrient balances and related 

production and economic performances, and identifying promising options for closing 

soil nutrient gaps. In a first step a multi-dimensional dataset was collected from 360 

households-farms sampled in six villages of Ioba province in South-Western Burkina 

Faso. The Sustainable Livelihood Framework was used to analyse farms heterogeneity. 

Multiple linear and bi-logit regressions were run to analyse determinants of mineral 

fertilizer use intensity, separate adoption of mineral and organic fertilizer, and combined 

mineral-organic fertilizer adoption for different farm types. In a second step, the 

NUTMON framework was used to analyse farm nutrient management and economic 

performances. Five farm types for a total number of 15 farms were monitored for one 

year. Farms’ agronomic and economic performances were evaluated. Whole farm and 

soil subsystem nutrient (N, P and K) balances of the farm types were calculated and 

their linkages with farm economic performances were investigated. The research finally 

discussed scenarios for closing soil nutrient gaps.  
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Findings revealed five socio-economic and ecological farm-types with different 

soil nutrient management strategies. Beside common determinants of fertilizer use and 

adoption, type-specific determinants and behaviour were unveiled. Farm and soil 

nutrient balance and economic performances analyses revealed two main cases: (1) 

farms with ’negative soil nutrient balance and low margin’, and (2) farms with ’negative 

soil nutrient balance with better margin’. The first case faces the convergent problem of 

depleted soil resources, poor productivity and profitability. The second case, currently 

profitable, will become problematic as soon as the negative soil nutrient balance trend 

depicts nutrient stock depletion in near future. Balancing soil nutrient with only mineral 

fertilizers is likely unaffordable as the current fertilizer uses are not efficient with high 

rates of net soil nutrient loss. In this scenario the required amount of fertilizer to fill 

nutrient gaps will cost up to 72% of crop marginal revenue drawn per hectare. If crop 

residues are fully recycled, soil nutrient balance will be improved by 40-90%. The 

integration livestock-cropping was found to be the most promising option for 

sustainable smallholder farming. The research recommends that, rather than uniform 

interventions decision makers should distinguish between farming systems using 

relevant socio-ecological criteria in designing policies to promote sustainable soil 

nutrient management. Policy interventions and farm design should focus on the 

subsidiary linkages between livestock and crop production. Capacity building of 

smallholders’ farms in agro meteorology is required to lay the basis for efficient 

adaptation and building resilience to climate change. From a methodological 

perspective, the research demonstrated the relationship between structural and 

functional typologies and the importance for considering both in regional farming 

system studies. The results also provide an empirical framework for scaling-out studies. 
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RÉSUMÉ 

L’Afrique subsaharienne reste la région la plus affectée par l’insécurité alimentaire et la 

pauvreté. Les modes de gestion non durables de la fertilité des sols minent la production 

agricole. De plus, les changements climatiques altèrent le cycle des nutriments, 

essentiels à la production agricole. Des études ont révélés de grands déficits de la 

balance des nutriments dans plusieurs systèmes d’exploitation agricole, menaçant de fait 

les moyens de subsistances des populations. Il est nécessaire de mettre en place des 

systèmes d’exploitation agricole résilients capables d’améliorer la balance des 

nutriments du sol tout en assurant une production efficiente et rentable dans le contexte 

des changements climatiques. La résilience des exploitations agricoles se construit à 

partir des prises de décisions internes aux exploitations et des interventions externes à 

travers les mesures politiques. 

 L’objectif global de cette recherche est de contribuer à construire la résilience 

des exploitations agricoles face aux changements climatiques à travers une amélioration 

de la compréhension du comportement décisionnel des exploitations agricoles en termes 

de gestion des nutriments du sol, l’analyse de la balance des nutriments du sol et des 

performances agronomique et économique qui en résultent, et l’identification des 

meilleures options pour des exploitations agricoles durables. Dans une première étape, 

et utilisant le cadre conceptuel des moyens de subsistances durables, une base de 

données multidimensionnelle a été collectée chez 360 ménages agricoles de six villages 

de la province du Ioba dans le Sud-Ouest du Burkina Faso. Une typologie des 

exploitations a été construite. Le comportement décisionnel des exploitations a été 

étudié en analysant les déterminants de l’intensité d’utilisation et de l’adoption des 

engrais (minéraux, organiques, combinaison engrais minéraux et organiques). Dans une 

deuxième étape, le NUTMON a été utilisé pour analyser les performances économiques 
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et la balance des nutriments du sol des exploitations agricoles. Cinq types 

d’exploitations (15 exploitations en tout) ont ainsi été suivis durant une année. La 

balance des nutriments (N, P et K) au niveau exploitation et celle du sous-système sol 

ont été calculées et leurs liens avec la performance économique des exploitations ont été 

analysés. La recherche a conclu en discutant les options durables pour combler les gaps 

de la balance des nutriments du sol. 

 Cinq groupes socioéconomiques et écologiques d’exploitations agricoles avec 

des stratégies différentes de gestion des nutriments du sol ont été identifiés. La 

recherche a révélé en plus des déterminants communs d’adoption et d’utilisation des 

nutriments du sol, des déterminants spécifiques aux différents types d’exploitations. 

L’analyse de la balance des nutriments a révélé deux principaux cas : (1) des 

exploitations avec ’une balance des nutriments du sol négative et un faible profit’ et (2) 

des exploitations avec ’une balance des nutriments du sol négative mais un meilleur 

profit’. Le premier cas correspond à l’exploitation minière du sol accompagnée d’une 

faible productivité et rentabilité. Le deuxième cas, actuellement rentable, deviendra 

problématique une fois que le stock des nutriments du sol sera épuisé dans un future 

proche et ne sera plus à mesure d’assurer la production. Combler le gap en nutriments 

du sol avec les engrais minéraux uniquement apparait difficile à supporter 

financièrement par les producteurs vu l’ampleur des pertes des nutriments des sols. Ce 

scenario coûtera jusqu’à 72% du revenu marginal par hectare. Recycler entièrement les 

résidus de récolte améliore la balance des nutriments du sol de 40-90%. Cependant, 

sous ce scenario les producteurs seront confrontés à la compétition pour l’alimentation 

animale et l’utilisation domestique des résidus de récoltes. L’intégration élevage-

production végétales se révèle être la solution pour des exploitations agricoles durables. 

En termes de recommandations, les décideurs doivent prioriser les interventions ciblées 
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distinguant les différents systèmes d’exploitations agricoles en vue de promouvoir la 

gestion durable de la fertilité des sols. Les politiques agricoles ainsi que de design des 

exploitations agricoles doivent également considérer l’intégration élevage-production 

végétales. Il faudra aussi renforcer la capacité des agriculteurs en agro météorologie 

pour une meilleure adaptation et la résilience au changement climatique. Au plan 

méthodologique, cette recherche démontre le lien entre typologies structurelle et 

fonctionnelle ainsi que la nécessité de les prendre en compte dans l’étude des systèmes 

d’exploitation agricole. 
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1. INTRODUCTION 

1.1. Background 

Populations in Sub-Saharan Africa (SSA) largely rely on farming for their livelihood 

(Shiferaw et al., 2014). Though farmers tend to diversify livelihood sources into non-

farm activities (IFAD, 2010), farming is still the primary source of livelihoods. In 

countries like Burkina Faso, 80% of the population draw their living means from 

farming (SPCPSA, 2013). Farming in SSA is dominated by smallholder farming 

(Livingston et al., 2011) characterised by low land holding, low mechanization and low 

investment in soil fertility. In this context and given the fast growing population (UN, 

2013), SSA faces the challenge of ensuring food security and alleviating poverty.  

SSA is poorer than other regions and poverty concerns much more rural 

populations relying essentially on farming (Livingston et al., 2011). The region is also 

characterized by high food insecurity (FAO, 2010). It has the highest undernourishment 

prevalence estimated at 24.8% in 2011-2013 (FAO et al., 2013). For decades food 

insecurity has affected many countries with not much improvement (FAO, 1993; FAO, 

2006; FAO et al., 2013). In Burkina Faso in particular, 37% of rural households were 

food insecure in 2013 (SPCPSA, 2013) and 25% of the population were undernourished 

in 2011-2013 (FAO et al., 2013). As much as 43.9% of households in the country were 

poor in 2010 (INSD, 2010). Given the strong reliance of farming on rainfed agriculture, 

food insecurity and poverty are likely to worsen in coming years under climate change. 

Indeed climate change is expected to negatively affect farming activities and 

aggravate crop production deficiencies, food insecurity, and thereby threaten livelihoods 

of populations (Jarvis et al., 2010; Lobell and Burke, 2010; Jalloh et al., 2013; Olsson et 

al., 2014; Porter et al., 2014). Studies (Blanc, 2012; Sultan et al., 2013) estimated that 
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yield of main staple crops in SSA (maize, millet and sorghum) will decrease by up to 

25.5-27% under climate change during the 21st century. 

1.2. Problem statement 

Nutrient cycles link agricultural systems to their societies and surroundings(Vitousek et 

al., 2009). There are four main issues related to nutrient cycles in agro-ecosystems: (i) 

nutrient balance, (ii) cycles’ productivity and efficiency in warranting human demands, 

(iii) cycles’ role in maintaining system resilience, and (iv) farmers’ incentive to 

innovations in nutrient use and management. 

In SSA, unsustainable soil nutrient management constitutes the root cause of food 

insecurity and poverty in smallholder farms. Low soil fertility undermines crop 

productivity as observed by Giller et al. (2006). Many studies reviewed by Cobo et 

al.(2010) highlighted ongoing nutrient mining in smallholder farms threatening farming 

sustainability. Henao and Baanante (1999) noted a high loss of more than 60 kg  NPK 

per year from crop land soils in Burkina Faso. There exist proven technologies that may 

help in addressing soil nutrient depletion issue and improving crop productivity (Vlek et 

al., 1997; Ingram et al., 2008; Lal, 2009). However, adoption by farmers and nutrient 

use efficiency remain low. The low adoption is mainly due to poverty (Reardon and 

Vosti, 1995) and the failure of policy intervention (Anley et al., 2007) to leverage 

farmer’s incentive to adopt innovations in nutrient use and management. In addition, 

climate change impacts farming activities by modifying farm nutrient cycles and 

services. In effect, increased temperatures modify organic matter dynamics, while 

variability and high intensity of rainfall events lead to increased soil erosion (Brinkman, 

1990). Against all of this, current SSA farming systems are highly vulnerable. As noted 

by Godfray et al., (2010), Conway (2012) and Wheeler et al.,(2013) change in food 

production system is required. 



 

3 

 

In SSA in particular, this change should target building farms resilience based on 

nutrient cycles which are key to farming (crops and livestock). Farm resilience arises 

not only from farm internal structure and functioning but also from external intervention 

through policies. Therefore, helping to build farm resilience requires considering the 

farm in a holistic way, better understanding farm behaviour giving its social, economic 

and biophysical settings. It also requires redesigning policy intervention which 

sometime hampers food security (Grote, 2014) or lacks efficiency. Transformation of 

farming system has gained interest among researchers (Darnhofer et al., 2012). This 

research aims at contributing to farming system design research and proposing options 

for transforming sub Saharan African smallholder farms into resilient farms in the face 

of climate change. 

1.3. Objectives 

The main objective of this research was to contribute building resilient farms to climate 

change through improved understanding of smallholder farms’ behaviour in terms of 

soil nutrient management, linkages between nutrient balance and economic 

performances, as well as discussing promising scenarios for closing soil nutrient gaps. 

The specific objectives are to: 

1. Identify socio-economic and ecological farm types in the study region, and 

analyse production performances and ecological efficiencies.  

2. Analyse the role of climate change perception versus climate change awareness 

on sustainable soil nutrient management by smallholder farms. 

3. Analyse the role of farm type-specific adoption behaviour in sustainable soil 

nutrient management by smallholder farms. 

4. Analyse soil and farm nutrient balances and economic performances of 

smallholder farms 
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5. Discuss promising options for closing soil nutrient gaps in smallholder farms 

1.4. Thesis outline 

This thesis comprises 8 chapters in total. After the introductory chapter (this chapter), 

Chapter 2 presents a brief literature review. 

Chapter 3 presents the general methodology used for carrying out the research. It 

contains an overview of the study region, a description of the screen survey and farm 

monitoring. 

Chapter 4 explores socio ecological heterogeneity of smallholder farms in Ioba 

province. It aims at achieving objective 1. It established smallholder farms typology 

using screening surveys data. The chapter also analyses farm nutrient management and 

production performances as well as mineral nutrient use efficiencies across farm types. 

Chapter 5 covers objective 2. By analysing successively the role of climate 

changes perception and awareness on sustainable soil nutrient management it highlights 

the important contribution of climate awareness in farmers’ incentive to take action for 

better management of farm soil fertility in smallholder farms,.  

Chapter 6 addresses objective 3. It analyses farm adoption behaviour for mineral 

fertilizer use and adoption as well as adoption of organic, and combined mineral-

organic fertilizer.   

Chapter 7 covers specific objectives 4 and 5. Nutrient (N, P and K) balances at 

farm level and for soil sub compartment are calculated. Soil nutrient balances 

performances and relationship to agronomic and economic performances of different 

smallholder farming systems are analysed. It ends by discussing scenario for closing 

observed soil nutrient gaps in smallholder farms. 

Chapter 8 presents general conclusion comprising concluding remarks and 

recommendations. 
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2. LITERATURE REVIEW 

2.1. Resilience of what to what? 

Originated by Holling (1973), the resilience concept has no consensual definition 

(Gersonius et al., 2012). Resilience of a Socio Ecological System (SES) can be given 

many definitions related to sustainability, to a property of dynamic models, or to a 

measurable quantity (Carpenter et al., 2001). Based on the definitions of Gunderson and 

Holling (2001) and Pimm (1984), and in accordance with Carpenter et al., (2001), a 

resilient SES is defined in the present research as a system that can undergo a given 

amount of change and still retain the same control on structure and function, be capable 

of self-organization, and build capacity to learn and adapt .  

Studying the resilience of a SES requires specifying the system configuration and 

the type of disturbances one is interested in (Carpenter et al., 2001). This research is 

interested in nutrient cycles’ disturbances in agro ecosystems borne by climate change, 

and in smallholder farming systems in particular. Smallholder is mostly defined with 

regard to the farm land holdings. World Bank (2003) defines smallholder farm for 

developing countries as famers with holdings less than or equal to 2 ha. Chamberlin 

(2008) observed that some policy oriented papers have characterised smallholders farms 

as farms with limited land and capital, high exposure to risk, low input technologies, 

and low market orientation. In Burkina Faso, and for the present research, a smallholder 

farm fits more to the definition of Chamberlin (2008). It can be define as producers 

having farming as main source of income (Morton, 2007) and characterized by low 

capital input (e.g. financial investment) and subsistence agriculture (AGRA, 2014), high 

exposure to risk, low equipment, (e.g. no or low animal traction and no motorised 

equipment) and low soil nutrient input. A farm is defined in this work as a household 

for which members inhabit a communal compound, are using communal resources (e.g. 
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labour, financial, land resources) to produce and make a communal use of food and 

non-food products. Any use of the term household or farm, further in this study, should 

be understood as interchangeable terms. 

2.2. Food insecurity and climate change impacts on Sub Saharan 

African farming 

The rapid increase of the population in Sub-Saharan Africa poses the threat of the 

aggravation of food insecurity (AGRA, 2014). Population growth does not match with a 

consequent increase in food production (Jalloh et al., 2013). Already, the region faces 

difficulties in meeting populations food demand (FAO, 2010). Undernourishment 

concerns 24.8% of Sub-Saharan Africa population (FAO et al., 2013). In countries like 

Burkina, 37% of rural households were food insecure in 2013 (SPCPSA, 2013) and 

25% of the country population was undernourished in 2011-2013 (FAO et al., 2013). 

Sub-Saharan African countries heavily rely on smallholder farms for food production. 

These farms represent up to 80% of farms in Sub-Saharan Africa (AGRA, 2014). In 

some countries they contribute for as much as 90% of total food production (Wiggins, 

2009). However, the low crop productivity, the lack of comprehensive and efficient 

policies as well as environmental constraints limits smallholder farms capacity to meet 

food needs of SSA region.   

Environmental constraints consist mainly of soil degradation and growing climate 

change effects on farming activities. The fact that farming in Sub-Saharan Africa region 

depends for up to 98% on rainfed agriculture, render crops and livestock tributary of 

precarious situations under climate change (IPCC, 2014). For almost all Africa annual 

temperatures have risen by about 1
o
C (Niang et al., 2014) and temperature rise is 

expected to reach 2
o
C by 2100 for Sub-Saharan Africa region (Grist, 2014). Basically, 

this means an increase of drought events, extreme temperatures and more erratic rainfall 
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in some areas of the region. According to IPCC (2013), extreme precipitation events 

will likely become more intense and more frequent in Sub-Saharan Africa due to 

temperature rise. Jalloh et al., (2013) stressed that rainfall decrease and temperature rise 

will certainly be a tremendous challenges for farming and related livelihood. Climate 

change will result in reduced yield of main staple crops (Blanc, 2012) in Sub-Saharan 

Africa. 

2.3. Farming systems and soil nutrient issue: problems and needs for 

resilient farm management 

Farming in Sub-Saharan Africa is dominated by smallholder farming systems. Most of 

smallholder farms practice mixed farming crop-livestock dominated by subsistence 

agriculture. They are characterized by low nutrient input, low mechanization and 

sometimes low educational level which constraints adoption of sustainable soil nutrient 

management practices. Farming systems in Sub-Saharan Africa faces four main 

problems: (i) population pressure causing expansion of cultivated land and reduction of 

farm land size (AGRA, 2013); (ii) very poor soil fertility management practices 

(Zingore, 2006) occasioning severe nutrient depletion in some cases, (iii) aggravation of 

soil degradation due to climate change, and (iv) nutrient cycles alteration resulting from 

climate changes effects.   

Continuous cropping on the same piece of land, low nutrient input and soil 

erosion cause a declining of soil health. Indeed, the use of mineral and organic fertilizer 

is very low, particularly for staple crops (Sanchez and Swaminathan, 2005). Nutrient 

depletion is widespread (Bationo et al., 1998; Cobo et al., 2010). About 80% of arable 

land in SSA has serious soil fertility problems (AGRA, 2014). It is estimated that 

farmers lose 8 million tons of soil nutrients per year (Toenniessen et al., 2008). Climate 

change impacts soil nutrient cycles through increased temperatures which accelerate the 
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rate of soil organic matter decomposition, with negative effects on soil water-holding 

capacity and nutrient loss, more rapid organic matter decomposition will inevitably 

reduce the potential of innovations that seek to increase carbon sequestration in the soil. 

Also increases of rainfall amounts and intensity will lead to greater soil erosion and 

more intense leaching (AGRA, 2014). 

In Ioba province in particular, high population density is causing increasing 

pressure on natural resources in general and on agricultural land in particular. 

DREP/Sud-Ouest(2000) reported a reduction of fallow duration from 4.5 to 2.5 years. 

Mineral fertilizers and compost uses are low (MAHRH, 2010; Gleisberg-Gerber, 2012).  

Soil nutrient loss remains one of the biggest threat for sufficient food production 

in the world (Pimentel and Burgess, 2013). Given the level of poverty, the growing land 

pressure and expected impact of climate change in the region, this threat is most serious 

and more challenging for Sub-Saharan Africa. To be able to feed the estimated 

additional 1.6 billion people by 2050, the fundamental issue of soil depletion need to be 

successfully addressed (AGRA, 2014) at farm level. Existing production systems in 

Sub-Saharan Africa have been proven to be limited in maintaining productive and 

sustainable farm production. The situation is expected to worsen under climate change. 

There is a need to rethink farming system and build adaptive and resilient farms capable 

of maintaining a good enough nutrient cycling at farm level to ensure a sustainable and 

profitable farming. 

2.4 Household-farm typology and related household behaviour 

2.4.1. Sustainable livelihood framework  

A livelihood is a means of gaining a living (Chambers and Conway, 1991). It comprises 

assets and capabilities mobilized for the living. The Sustainable Livelihood Framework 

(SLF) (Sconnes, 1998; DFID, 1999; de Sherbinin et al., 2008) defines a sustainable 
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livelihood as a livelihood  that “can cope with and recover from stresses and shocks and 

maintain or enhance its capabilities and assets both now and in the future, while not 

undermining the natural resource base.’’ Within this framework, household organizes 

its livelihood strategy by combining five types of capital that interact and vary over 

time: natural, social, physical, financial and human.  The natural capital is the basis for 

farm crop and livestock production. It comprises land and forest resources, fisheries. 

These assets may lose value or their productivity (DFID, 1999) if they are not well 

managed. For instance sustainable land management is very important for maintaining 

soil productive function and its contribution to farmers’ livelihood. Social capital which 

comprises household’s social network and membership to organizations assets play an 

important role in valuing the natural capital. The Physical capital encompasses 

infrastructures and equipment used to support livelihood activities (e.g. road and 

transportation equipment). Physical capital requires financial capital (e.g. financial 

resources) to ensure maintenance and capacity building for an effective management. 

As for Human capital, it consists of skills, labour and capabilities necessary for valuing 

the others types of assets. The SLF is a holistic framework offering a better 

understanding of household-farm behaviour in relation to its environment. 

2.4.2. Linkages between livelihood type and household behavior 

Smallholder farms in Sub-Saharan Africa exhibit great diversity inherent to their 

livelihood characteristics (Zingore, 2006). Farmers draw their income from farming 

activities (crop and livestock), non-farm activities and transfers (e.g. remittance and 

pensions). Values of these income sources vary greatly at farm level (Ellis, 2005) and 

determine assets endowment. Farm livelihood structure (assets endowment) is closely 

related to its livelihood strategies (Ellis, 2000). In pursuing their living objectives 

households mobilize their biophysical and socio economical assets in livelihood 
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strategies that guide their decision making and determine their behaviour. A farm might 

be well endowed in one livelihood asset but poor in another. The type of poverty can 

influence the farm’s relation to its environment (Reardon & Vosti, 1995). For instance 

farm well-endowed in cattle have by far better access physical access to manure and 

may be more likely to use organic fertilizer than other. Also, among poor farms, 

receiving remittances can compel famer to purchase fertilizer in comparison to poor 

farms who received not or less remittance. 

Giving level of assets endowment, farmers will have more or less options for 

building livelihood strategy (DFID, 1999). They will therefore be more or less incline to 

adopt and use soil nutrient. For instance, farm above poverty line can still choose to use 

its financial resources for consumption, savings or other type of investment rather than 

investing in soil fertility (Reardon and Vosti, 1995). Poor endowment in physical assets 

(e.g. road and communication facilities) reduces farm exposition to SNM technologies 

as well as access to markets for mineral fertilizer acquisition. Farm tools and equipment 

are useful for composting and transportation of fertilizer to plots. Besides being an 

important source of cash (Murungweni et al., 2014) facilitating farm acquisition of 

mineral fertilizer, livestock provides draught power and manure. Also, availability in 

natural assets such as land may lead to extensive farming while land constraint may 

compel farmer to use more fertilizer (Tittonell et al., 2005a). Social assets (e.g. 

networks) provide learning opportunities and improve farm access to fertilizer (e.g. 

credit system, remittances). Therefore, understanding smallholder farms behaviour in a 

broad way and for soil nutrient management and adaptation in particular requires 

exploring their livelihood heterogeneity.  
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3. GENERAL METHODOLOGY 

3.1. Study region 

3.1.1. Biophysical characteristics  

The fieldwork took place in Ioba province located in South-Western region of Burkina 

Faso. The region represents 6% of the country’s territory (INSD, 2009a). The region 

comprises of four provinces: Bougouriba, Poni, Noumbiel, and Ioba (10°42’-11°20’N 

and 02°36’-03°25’W) situated in the upper north and located within the Black Volta 

basin. Biophysical and socio-economical settings are summarized in Table 3.1. 

Table 3.1. Biophysical and socio economical characteristics of the study region 

Characteristics Description Sources 

Climate  
 South-Sudanian climatic zone 

 Annual rainfall: 900-965 mm 

Dataset from Provincial 

directorate of agriculture of 

Ioba 

Vegetation 
 Savannah  

 Existence of a protected forest 
MAHRH and GTZ (2004) 

Soils  

 Shallow 

 Main soil types: Plinthosol and 

Lixisol 

MAHRH and GTZ (2004) 

DREP/Sud-Ouest and PNGT 

(2000) 

Schmengler (2011) 

Hydrography  Sub basin of the Black Volta river BNDT (2002) 

Demography  

 227,536 inhabitants in 2014  

 52% of females  

 Population density: 52 

inhabitants/km
2
 

INSD (2009b; 2009a; 2013) 

Socio-economic 

activities 

Agriculture, animal husbandry, 

trade, traditional mining 

DREP/Sud-Ouest 

(2000);INSD (2009a) 

Supporting 

Institutions in 

soil fertility 

management 

Directorate of Agriculture of Ioba; 

Dreyer Foundation; PABSO; 

PDA/GIZ; Sofitex; Varena Asso 

Collected data 

 

The Ioba province belongs to the South-Sudanian climatic zone. The rainfall is 

uni-modal and lasts for about 5-6 months starting from the end of April to October. The 

dry season starts from November to March-April and is characterized by harmatthan 

causing air borne diseases like meningitis. Wettest months are August and September 
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while the hottest months are March and April. The Mouhoun River is the only 

permanent water body. Some dams exist offering the province opportunities for 

gardening and dry season irrigated cropping. Average rainfall varies between 900 mm 

and 960 mm (MAHRH and GTZ, 2004). The vegetation type is savannah. The only 

protected forest of the province is the Bontioli forest reserve which plays an important 

role in terms of biodiversity preservation and carbon sink. Outside this forest, 

deforestation is an alarming issue.  

According to Bureau national des sols (Bunasol) inventory, dominants soils types 

encountered in the Ioba province are:  

- Leached ferruginous tropical soils: they are dominant soils in Burkina Faso and 

represent 85% of the country lands (Pallo and Thiombiano, 1989). Two groups of this 

soil type are found in Ioba province: 

i) Leached and hardened ferruginous tropical soils which are generally 

shallow and form the main soil type of the province. They cover nearly 52% of Ioba 

lands. Most of cultivated lands fall into this type. 

ii) Leached ferruginous tropical soils with spots and concretions, 

encountered for only 2% of the lands in Ioba. These soils are poor in organic matter, 

macro nutrient (NPK) and have low Cationic Exchange Capacity (CEC) (Pallo and 

Thiombiano, 1989). 

- Hydromorphic soils. Also characterized by low organic matter content and very 

low phosphorus content, they constitute the third main soil type in Burkina Faso and 

cover 13% of its lands (Kissou et al., 2000) and around 37% of the Ioba province lands. 

- Lithosols cover 3% of Burkina Faso territory (Kissou et al., 2000) and 

represents 5% of lands in Ioba province. 
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- Brown eutrophic tropical soils: they form 6% of soils in Burkina and 4% of Ioba 

province lands. Brown eutrophic tropical soils are constrained in NPK (Kissou et al., 

2000). 

3.1.2. Socio-economical characteristics 

Ioba province comprises eight communes: Oronkua, Guéguéré, Koper, Ouessa, Niégo, 

Dissin, Zambo and Dano the sole urban commune. The town of Dano in Dano commune 

is the capital city of the province. Projections made by INSD (2009b) estimated the 

population to be 227,536 inhabitants in 2014. This population is dominated by females 

(52%) (INSD, 2013). The annual population growth between 1996 and 2006 was 

estimated at 1.8% and working population constitutes about 57% of the population. 

Population density is higher (59 inhabitants/km
2
) than at the national level (52 

inhabitants/km
2
) (INSD, 2013). The province has the highest population density of the 

region. The main socio-economic activities are agricultural, animal husbandry, trade, 

handicraft, and mining activities. Agriculture is mainly for subsistence and is largely 

rain-fed. The main components of the regional agriculture are cereal, cotton and 

livestock (ruminants, pigs and poultry) productions. 

3.2. Methods 

Globally, the methodological approach consisted of two steps:  a screen survey and an 

in-depth survey. The screen surveys aimed at appraising farming activities and farms’ 

socio-ecological heterogeneity in the study region. Study cases were selected from 

identified typological farms and monitored for one year, March 2013-February 2014. 

Each of the two steps is described in details in the following sub-sections.  
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3.2.1. Screen surveys 

3.2.1.1. Research sites selection and households sampling strategy 

The research sites (Figure 3.1) were chosen based on the criteria of biophysical and 

socio-demographical indices that influences land use and soil nutrients use.  

Selection of the research sites and sampling of households followed a step-wise 

procedure as illustrated by the flowchart in Figure 3.2. In the first step, based on land 

use map, land degradation information and demographic statistics, three communes 

were selected: Dano, Koper and Ouessa. In the second step, for each commune, two 

villages were randomly selected: Pontieba and Loffing (Dano commune), Babora and 

Dibogh (Koper commune), Kolinka and Bekotenga (Ouessa commune). An equal 

number of households (60) were drawn for each of the six villages within the research 

area using a simple random sampling technique. The list of households in each village 

was used for drawing the sample. A total number of 360 out of 1,232 households were 

sampled. This sample represented 29.22% of total households in the research area. 
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Figure 3.1. Study region. 

Notes: Text labels with capital and normal characters are for communes and villages, respectively. Pontiéba, Babora and Bekotenga are 

monitoring sites 
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Figure 3.2. Sampling flowchart 

 

3.2.1.2. Households-farms surveys and main content of surveys 

To prepare households-farms surveys, informative meetings were held in each village with 

sampled households. These meetings aimed at informing farmers about the objectives of 

the research, the activities to be carried out and the expected contributions from the 

farmers. Local agricultural service agents (Chef de zone, encadreur) and local leaders 

(CVD or municipal councillor) were invited and provided assistance. The household-farm 

survey was performed around two to three months after harvests of the cropping season 

2012/2013, in January and February. The questionnaire was primarily addressed to the head 

of the household-farm who is makes most of the decisions concerning the household 

livelihood. However, and where necessary, the head was helped by key members of the 
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household (active members). In general an appointment was arranged ahead. When the 

head was away during the survey period the questionnaire was addressed to an active and 

well informed member of the household (e.g. wife and children). 

Questionnaires were designed based on the Sustainable Livelihood Framework. The 

geographic coordinates of households were taken using GPS units. This allows geo-

referencing the location of household houses on a map, and the calculation of households’ 

proximity to roads and towns. The screen survey questionnaire comprised of nine sections 

that aimed at capturing and characterizing households’ livelihood capital endowment and 

associated production strategies: 

- Household characterization describing household socio-demography (e.g. 

demography, education and profession) 

- Perception of climate change: this section captured how households perceived 

climate change and what were their strategies in the face of these changes. 

- Land tenure section takes inventory of households’ land holding and characterized 

the tenure system. 

- Agricultural equipment inventoried the household agricultural equipment. 

- Crop production estimated farm production for the previous campaign 2012/2013. 

- Animal Production: it consisted in an inventory of livestock of the household. 

- Non-farm activities section recorded non-farm activities and income drawn from it. 

- Transfers are money households received as support from relatives. 

- Food security: in this last section, the household appreciated its own food security. 
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3.2.2. In-depth surveys 

3.2.2.1. Monitoring sites 

Following the screening surveys, case study farm-types (five per village) were selected in 

three villages for farm monitoring: Pontieba, Babora, and Bekotenga in the communes of 

Dano, Koper and Ouessa respectively (See Figure 3.1). Pontieba, Babora and Bekotenga 

are located at around 5, 15 and 55 km away from the province main town Dano. Average 

annual rainfall of the last ten years (2004-2013) was 951.9 mm and 978.7 mm in Pontieba 

and Ouessa, respectively. These values were among the highest in the country. The year of 

the study (2013) recorded the lowest annual rainfall for the study sites while the previous 

year (2012) recorded the highest annual rainfall. The three village were among those 

identified as experiencing the worst land degradation in the province (MAHRH and GTZ, 

2004). However, mineral fertilizers and compost use remain low (MAHRH, 2010; 

Gleisberg-Gerber, 2012) in the region despite many interventions to improve sustainable 

soil nutrient management.  

3.2.2.2. Framework for farm nutrient balance analysis 

The conceptual framework of this study was based on NUTMON framework (Smaling and 

Fresco, 1993; Smaling et al., 1996; De Jager et al., 1998b; Van den Bosch et al., 1998b; 

Vlaming et al., 2001) as a guideline for calculating soil nutrient balance in the farming 

systems. The farm boundaries were formed by the atmosphere, the physical boundaries of 

farm fields and 30 cm depth in the soil. This depth was considered as depth at which most 

of the crops in the study zone retrieve the majority of nutrients. The three main farm 

components considered in the framework included: primary production compartment (soil, 
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crop, fertilizers and feed), secondary production compartment (animals, feed stock, 

dunghills) and homestead (family, food stock, garbage heap). Four flows entering the farm 

(IN1-IN4), six flows leaving the farm (OUT1-OUT6) and six farm and lower levels flows 

(FL1-FL6) were considered (Table 3.2). Sedimentation (IN5) was left out as irrigation 

water was not applied in monitored fields and most of the plots were situated at slope 

catena where sedimentation is negligible. 

Three types of nutrient balance were computed: soil nutrient balance, farm partial and 

full nutrient balances. Soil nutrient balance (Equation 3.1) is defined as the difference 

between the sum of all flows entering the soil sub compartment and the sum of all flows 

leaving the soil sub compartment. The entering flows comprise applied mineral fertilizers 

(IN1) brought from outside the farm (e.g. NPK and urea), organic fertilizers (IN2b) 

consisting of compost, manure excretion on the plots from external grazing (IN2c), 

imported seeds from outside the farm (IN2e), atmospheric deposition (IN3), biological N-

fixation (IN4), seeds from household stocks (FL2d), animal manure from dunghills or 

corrals redistributed to plots (FL5). The flows leaving the soil sub compartment consist of 

harvested crops products (OUT1a), exported crop residues from plot (OUT2a) either for 

household consumption (e.g. fuel, fencing) or for external use, nutrient leaching out of soil 

boundary (OUT3a), gaseous loss from soil (OUT4a), gaseous loss through crop residues 

burning (OUT4c), and soil erosion (OUT5). 

𝑆𝑜𝑖𝑙𝑁𝑢𝑡 𝐵𝑎𝑙 = (𝐼𝑁1 + 𝐼𝑁2𝑏 + 𝐼𝑁2𝐶 + 𝐼𝑁2𝑒 + 𝐼𝑁3 + 𝐼𝑁4𝑎 + 𝐼𝑁4𝑏 + 𝐹𝐿2𝑑 + 𝐹𝐿5𝑏) −
(𝑂𝑈𝑇1𝑎 + 𝑂𝑈𝑇2𝑎 + 𝑂𝑈𝑇3𝑎 + 𝑂𝑈𝑇4𝑎 + 𝑂𝑈𝑇4𝑐 + 𝑂𝑈𝑇5)     

              Equation 3.1 
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Table 3.2. Nutrients inputs, outputs and internal flows at the farm and lower levels. 

Input (IN) Output (OUT)  Farm and lower levels (Fl) 

IN1 Mineral fertilizers 

OUT1 Farm products 

(a) Crop products 

(b) Animals products 

FL1 External feeds 

(a) Consumption of external feeds 

(b) Decay of external feeds 

IN2 Organic inputs 

(a) Feeds 

(b) Organic fertilizers 

(c) External grazing 

(d) Purchased food 

(e) Seeds  

OUT2 Other organic 

outputs 

(a) Crop residues 

(b) Manure 

FL2 Household waste and seeds 

(a) Redistribution of household 

waste 

(b) Consumption of household 

waste 

(c) Decay of household waste 

(d) Seeds from stocks 

IN3 Atmospheric 

deposition 

OUT3 Leaching 

(a) Soil nutrients 

(b) Nutrients from 

dunghills 

FL3 Crop residues 

(a) Redistribution of crop residues 

(b) Consumption of crop residues 

(c) Decay of crop residues 

IN4 Biological N-

fixation 

(a) Symbiotic fixation 

(b) Non-symbiotic 

fixation 

OUT4 Gaseous losses 

(a) Soil nutrients 

(b) Nutrients from 

dunghills 

(c) Burning of crop 

residues 

FL4 Grazing of vegetation 

IN5 Sedimentation 

(a) Irrigation 

(b) Natural flooding 
OUT5 Erosion 

FL5 Animal manure 

(a) Excretion of manure by the 

animals 

(b) Redistribution of farm yard 

manure 

 OUT6 Human excreta 

FL6 Farm products to homestead 

(a) Crops products to food stock 

(b) Animal products to tfood stock 

(c) Consumption of food items 

Source: De Jager et al. (1998b). 

Whole farm partial nutrient balance (FNutPart Bal): The whole farm partial nutrient 

balance (Equation 3.2) computes the balance between the sum of human and animal 

mediated inflows to the farm and the sum of human and animal mediated outflows. The 

inflows comprise imported mineral fertilizers (IN1) and imported organic inputs (IN2a-e). 

The outflows consist of exported crop products (OUT1a) and animal products (OUT1b), 
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and other organic materials such as crop residues (OUT2a) and manure through grazing and 

excretion outside the farm (OUT2b). 

𝐹𝑁𝑢𝑡𝑃𝑎𝑟𝑡 𝐵𝑎𝑙 = (𝐼𝑁1 + 𝐼𝑁2𝑎 + 𝐼𝑁2𝑏 + 𝐼𝑁2𝑐 + 𝐼𝑁2𝑑 + 𝐼𝑁2𝑒) − (𝑂𝑈𝑇1𝑎 + 𝑂𝑈𝑇1𝑏 +
 𝑂𝑈𝑇2𝑎 + 𝑂𝑈𝑇2𝑏)          Equation 3.2 

 

Whole farm full nutrient balance (FNutFull Bal): The whole farm full nutrient balance 

computes balance of all inflows and outflows at farm level. It accounts for all farm level 

inflows and outflows in Table 3.2 apart from sedimentation (IN5) considered meaningless 

in this study (Equation 3.3). Included inflows are: imported mineral fertilizers (IN1), 

imported feeds (IN2a), imported organic fertilizers (IN2b), manure excretion from external 

grazing (IN2c), purchased food (IN2d), imported seeds (IN2e), atmospheric deposition 

(IN3), biological N-fixation (IN4). The outflows comprise harvested crops products 

(OUT1a), exported animal products (OUT1b), exported crop residues (OUT2a) for external 

use, manure excretion outside the farm (OUT2b), nutrient leaching out of soil boundary 

(OUT3a), nutrient leaching from dunghills (OUT3b), gaseous loss from soil (OUT4a), 

gaseous loss from dunghills (OUT4b), gaseous loss through crop residues burning 

(OUT4c), soil erosion (OUT5) and human excreta (OUT6). 

𝐹𝑁𝑢𝑡𝐹𝑢𝑙𝑙 𝐵𝑎𝑙 = (𝐼𝑁1 + 𝐼𝑁2𝑎 + 𝐼𝑁2𝑏 + 𝐼𝑁2𝑐 + 𝐼𝑁2𝑑 + 𝐼𝑁2𝑒 + 𝐼𝑁3 + 𝐼𝑁4𝑎 + 𝐼𝑁4𝑏) −
(𝑂𝑈𝑇1𝑎 + 𝑂𝑈𝑇1𝑏 +  𝑂𝑈𝑇2𝑎 + 𝑂𝑈𝑇2𝑏 + 𝑂𝑈𝑇3𝑎 + 𝑂𝑈𝑇3𝑏 +
𝑂𝑈𝑇4𝑎 + 𝑂𝑈𝑇4𝑏 + 𝑂𝑈𝑇4𝑐 + 𝑂𝑈𝑇5 + 𝑂𝑈𝑇6)       Equation 3.3 

 

3.2.2.3. Farm monitoring 

Two surveys were carried out: farm inventory surveys and input-output monitoring surveys 

(Table 3.3). The farm inventory surveys were carried out in the beginning of the dry season 

of year 2013 (January-February). The farm features were identified and described as well as 

farm livelihood activities. The main content of farm inventory surveys comprised of farm 
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geographical data, inventory of farm fields, farm implements, farm livestock composition, 

household members and their socio economic characteristics (e.g. age, education and 

occupation), redistribution units (dunghills, garbage and compost pits), farm stocks, off-

farm activities, and soil fertility management practices. 

 Farm monitoring surveys were performed during year 2013/2014, from March 2013 

to February 2014. In each of the selected villages, and for each farm type, the closest farm 

to the group center (Euclidian distance in K-mean classification) was chosen as case study 

for the input-output monitoring. A total number of 15 farms (5 farm-types in each of the 3 

villages) were monitored. The monitoring surveys content consisted mainly of 

identification and quantification of farm inflows and outflows as well as internal flows. 

Some flows were quantified asking the farmer (e.g. mineral fertilizers, organic fertilizers 

and seeds) and through direct measurements (e.g. harvested crop products and crop 

residues), and others using transfer functions (e.g. wet atmospheric deposition, N-fixation, 

leaching and erosion). Off-farm activities of household members were also estimated. 
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Table 3.3. Main data obtained from farm survey. 

Data type Description 

Farm inventory  

General farm data 
Geographical location, land tenure, access to 

permanent road, market, etc. 

Household demography 
Enumeration of household members, their age, sex, 

education and occupation 

Primary production 

compartment 
Plots number and sizes 

Secondary production 

compartment 
Types and number of animals 

Farm sections 
Identification and description of farm section units, 

soil physical-chemical analyses 

Redistribution compartment Livestock enclosures, compost pits, garbage heaps 

Equipment Number, age and acquisition cost of farm  tools 

Flows monitoring  

Primary production 

compartment 
Plots and crops present at the monitoring period 

Inflows to primary production 

compartment 

Identification and quantification of agricultural inputs 

(e.g., seed, organic and mineral fertilizers, pesticides 

and labor) 

Inflows to secondary production 

compartment 

Identification and quantification of livestock inputs 

(e.g., feeds, veterinary services, labor) 

Outflows from primary 

production compartment 

Quantification of harvested products and crop 

residues, and identification of their destination 

Outflows from secondary 

production compartment 

Quantification of animal product (e.g., eggs and 

traction) and identification of their destination 

Animals confinement Confinement to kraals and outside the farm 

Manure and household waste 

redistribution 

Quantification of reused manure and household 

waste, and identification of their destination 

Herd growth 
Records of animal born, purchased, gift in or out, 

consumed and died. 

Inputs and outputs from food 

stock Records of food stock fluxes with outside the farm 

Family labour 

Records of working days of household members for 

cropping activities, livestock , general farm activities 

and off-farm activities 

Off-farm activities income Estimation of income drawn from off-farm activities 
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3.2.2.4 Material sampling and analyses methods 

Sampling and analyses were done for soil, manure, compost, crop products and crop 

residues. Farm section units are defined as lands patches units in the farm considered to be 

homogenous in terms of topography and soil type. With a team of pedologists and with 

farmer help, farm section units were identified and soil profile pits were dug to characterize 

soils (e.g. soil type and rooting depth). On each plot, at least five subsamples of soil were 

sampled with auger, mixed on field and a composite sample taken. The number of 

subsamples per plot and their distribution were guided by plot size, topography and shape. 

Composite samples were air dried, ground and sieved with 2 mm sieve, and sent to 

laboratory for physico-chemical analyses. Manure and compost samples were also taken 

before application to the field and air dried for laboratory analyses. As for crop product and 

crop residues, given the difficulty for farmers to provide good estimation of harvested crop 

products weight, we used the yield-plot technique to quantify harvested crop products and 

exported crop residues. The yield-plot technique consists in laying a square frame, 

harvesting and weighing all crop products and crop residues within the frame. This 

operation is repeated several times according to the size of the plot and crop standing 

heterogeneity. The fresh weight is recorded. A fresh sample is taken, oven dried at 60 
o 

C 

during 72 hours and weighed. The quantity of exported crop product or crop residues from 

a plot is estimated from: sample fresh and dry weights, the sum of fresh materials weight of 

yield-plots, yield-plot area and whole plot area. 

Standard methods were used to analyse soil, organic fertilizer, crop products and crop 

residue. Soil organic carbon and total N were determined using the method of Walkley and 

Black (1934) and Kjeldahl method (Houba et al., 1989) respectively. Bray 1 method (Bray 
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and Kuretz, 1945) was used for determining soil available P. Total P and total K were 

determined using wet acid digestion and flame photometer analysis. Exchangeable K, Ca, 

Mg and CEC were determined from the ammonium acetate extract. Soil texture was 

determined by the Bouyoucos hydrometer method (Bouyoucos, 1962). For manure, 

compost, crop products and crop residues the dry matter content was determined by drying 

at 105 
O
C. Total N, total P and total K in these materials was determined by Kjeldahl, 

colorimetry and flame photometer methods.  

Some of the flows difficult to quantify by field measurement or farmer declaration, 

were estimated using transfer functions: atmospheric deposition, N-fixation, leaching, 

gaseous loss (Stoorvogel and Smaling, 1990; Smaling et al., 1993), soil erosion using 

Universal soil loss equation (USLE) (Wischmeier and Smith, 1978). Rain fall erosivity (R-

USLE) was calculated using equation from Roose (1976) (Equation 3.4) and 10 years 

rainfall recordings (2004-2013) from Ioba provincial directorate of agriculture in Dano. K-

USLE and C-USLE were retrieved from Schmengler (2011), Roose (1976), and Mati and 

Veihi (2001). Nutrient content of feeds and animal products, feeding requirements and 

manure excretion, N-fixation, nutrient loss through crop residues burning were retrieved 

from literature as indicated in Table 3.4. 

R = 0.5 x P ± 0.05             Equation 3.4 

 

R= Rainfall erosivity and P = average annual rainfall over at least 4 years 
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Table 3.4. Overview of nutrient content parameters and data sources  

Parameter Unit Remarks Source 

Crops and crop products 

N, P and K content kg/kg 

Of crop products 

and crop residues 
Laboratory analyses  

Of cotton  
Ergle and Eaton (1956), Den Bosch 

(1998a), Wakelyn et al. (2006) 

Unit price FCFA 
Of crop products 

and crop residues 
Surveys 

N-fixation of 

cowpea, ground 

and Bamabra 
nuts, soybean 

% 
Of total N uptake 

by plant 

Guet (2003), Bado et al. (2006); 
Traore(2012); Kumaga et al.(1994); 

Salvagiotti et al. (2008) 

Fraction garbage % 
Of harvested 

product 
Computations from field data 

Nutrient loss from 
crop residues 

burning 

% 
Of crop residues 

burned 
Jain et al. (2014) 

Livestock and livestock products 

Feed requirement kg/head/day Of dry matter 
Ayantunde (1998); Schlecht (1995); 

Efdé (1996); Euroconsult (1989); 

Den Bosch (1998a) 

Feed conversion 

fraction 
% N, P, K, bulk 

Ayantunde (1998); Schlecht (1995); 

Den Bosch (1998a) 

N, P and K content kg/kg Of meat  Den Bosch (1998a) 

Unit price FCFA Of meat  Surveys 

Return percentage % 

Fraction of total 

manure production 
deposited in farm 

Den Bosch (1998a) 

External input 

N, P and K content kg/kg   

Maize brans   Kiendrébéogo et al.(2013) 

Local beer cake 
(drèche) 

  

Zoungrana(1995) ; Meffeja et 

al.(2003); Hainnaux and 

Gouzy(1980) 

Soil and climate 

Total N content kg/kg  Laboratory analyses of soil samples 

Mineralization rate g/kg/year  Den Bosch(1998a) 

Total P content kg/kg  

Laboratory analyses of soil samples 
Total K content kg/kg  
Exchangeable K meq/100g  

Clay content %  

Bulk density kg/m
3
  Field measurements 

Precipitation mm/year 
Average annual 
precipitation 

Provincial directorate of agriculture in 
Dano 
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4. SOCIO-ECOLOGICAL HETEROGENEITY EFFECT ON SOIL 

NUTRIENT MANAGEMENT 

4.1. Introduction  

Sub-Saharan Africa (SSA) is characterized by high food insecurity (FAO, 2010). It remains 

the region with the highest undernourishment prevalence estimated at 24.8% for the period 

2011-2013 (FAO et al., 2013). Though the region is threatened by negative effects of 

climatic changes (Blanc, 2012; Jalloh et al., 2013) low soil fertility also undermines crop 

productivity (Giller et al., 2006).  Anthropogenic factors jeopardise soil fertility which is 

the basis of crop production. Soil nutrient balance studies reported many cases of nutrient 

mining in Sub-Saharan African smallholder cropping systems (Smaling et al., 1993; 

Bationo et al., 1998; Cobo et al., 2010; Douxchamps et al., 2012). The unsustainable 

management of soil resources, through reduction in crop productivity, exposes smallholders 

to rural poverty as they rely mainly on agricultural income. Together with population 

pressure (Vu et al., 2014b), poverty fuels soil degradation. It can be a constrain to adopting 

sustainable soil management practices (Reardon and Vosti, 1995), thereby lowering 

agricultural productivity which in return contributes to aggravate food insecurity and rural 

poverty. Food insecurity denotes failure of households’ livelihood to secure sufficient crop 

production (Devereux and Maxwell, 2001). 

The persisting food insecurity reveals the failure of policies to efficiently promote 

sustainable soil nutrient management. Adoption of sustainable soil management practice 

remains low in SSA. Socio-ecological conditions of households constrain or promote 

sustainable farm management practices. These conditions often vary over smallholder 

population. Smallholders of different social-ecological settings can have different 
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preferences in livelihood strategy which defines their perception and relation to their 

environment. Therefore, to better inform policy leveraging farmers' adoption of alternatives 

in sustainable soil nutrient management, there is the need to (i) identify the main social-

ecological types of smallholder farms in a region, (ii) better understand how livelihood 

strategies in general and soil nutrient management practices in specific vary among farm 

types, as well as (iii) socio-ecological factors affecting nutrient use efficiency in relation to 

specific farm types. Previous studies have highlighted the paramount role households’ 

livelihood play in farm soil nutrient management practices (Nkonya et al., 2005; Jansen et 

al., 2006; Anley et al., 2007),  soil nutrient stock (Iiyama et al., 2008; Tittonell et al., 

2010), regional and within farm variability of soil fertility (Tittonell et al., 2005a; Tittonell 

et al., 2005b).  

However, it is still hard to find studies that used a well-established and holistic 

livelihood framework to explore linkages between livelihood variation, farm soil nutrient 

management and crop production performances. Attempt made by Oumer et al.,(2013) 

rather used a subjective categorisation of households. Besides, most of the studies were 

conducted in Eastern Africa where biophysical, cultural and socio-economical settings are 

different from West Africa.  

This study aimed at contributing to an improved understanding of the influential 

relationship between socio-ecological heterogeneity and smallholder farms soil nutrient 

management and efficiencies using case study of the Ioba province in South-Western 

Burkina Faso. It has the following specific objectives: 

 To identify main household-farm types regarding biophysical and socio-economic 

characteristics of smallholder farms; 
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 To characterize type-specific food productivity, nutrient management and efficiency 

of the identified household-farm types;  

 To identify type-specific factors that potentially influence nutrient use efficiency, 

thereby informing follow-up studies and agricultural policy. 

4.2. Methods  

4.2.1. Analytical framework  

A livelihood is a means of gaining a living (Chambers and Conway, 1991). In pursuing 

their living objectives households mobilize their biophysical and socio economical assets in 

livelihood strategies that guide their decision making, for instance adoption of new 

technologies. To support building sustainable livelihood strategies, developmental policy 

interventions need to consider households in their different settings to better shape 

interventions. Increasing food needs and limited resources require maximizing crop 

production efficiency. This can be done by implementing sustainable soil nutrient 

management strategies that tackle nutrient depletion issue and ensure a sustainable and 

profitable crop production. Soil nutrient management practices for achieving food 

production take place within livelihood strategies built from available assets. Categorizing 

households-farms on the basis of their livelihood strategies gives a better contextualization 

of their choices and more chance for efficient policy intervention and farm design. Data 

was collected using a semi structured questionnaire guided by Sustainable Livelihood 

Framework. After classification, crop yield, nutrient use and economic performances of the 

different types were analysed to identify households-farms type specific effects as 

illustrated in Figure 4.1. 
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Figure 4.1. Analytical framework. 

 

4.2.2. Methods for identifying household-farm types  

A two steps method was used to identify farms with similar livelihood strategies. Firstly, 

Principal Component Analysis (PCA) was run in SPSS 16 (Statistical Package for Social 

Sciences). It reduced data complexity and grouped correlated initial variables into few and 

independent Principal Components (PC). PCs are linear combination of initial variables 

(Campbell et al., 2001) and bear maximum initial information in a descending way. PCA 

was run with Varimax and Kaiser Normalisation methods. PCs with Eigen values ≥ 1 were 

retained and scores used for further analysis to avoid multi-collinearity (Le, 2005). 

Secondly, scores of retained PCs were used for K-mean Cluster Analysis (K-CA). For large 

samples like in this study, non-hierarchical clustering methods (e.g. K-CA) are more suited. 
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Results are easier to interpret. Also, the dataset was entirely quantitative and farm-types 

were compared based on their means in further analyses. K-CA was therefore convenient 

for an efficient discrimination of farms. The principle of K-CA is finding a clustering 

structure minimizing the Sum of Squared Error (SSE) of the total squared Euclidean 

distance of observations to their class centres (Jain et al., 1999; Maimon and Rokach, 

2010). The number of clusters was decided using the knee method. On a curve representing 

the sum of distances to clusters’ centre against the number of clusters, optimal number of 

clusters is decided at the inflexion point. Candidate variables for PCA represented farms’ 

livelihood assets and production orientation (Table 4.1). Generally, dynamic surveys allow 

a better understanding of households’ strategies than screen surveys (Tittonell et al., 

2005a). It was hypothesized that households’ production orientation do not vary much in 

short and medium terms and that income composition, land allocation to main crop types 

(e.g. cereal, cash crops and legumes) are good proxies of livelihood strategies and 

production orientation. 
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Table 4.1. Variables used for Principle Component Anaylsis (PCA) 

Variable 

name  
Brief definition Source

a 

Human asset 

HAGEMEMB Average age of household members C 

HAGELAB Average age of household labour C 

HHEADEDU Number of education years of the household head C 

HSIZE Size of the household D 

HLABOUR Labour amount of the household (workers) C 

HDEPEND Dependency ratio of the household C 

Natural asset 

HHOLDINGS Total land area (ha) the farm possesses C 

HHOLDCP Farm land possession per capita (ha/capita) C 

H% OWNLAND Share of owned lands within cultivated lands of the farm (%) C 

H% USERLAND 
Share of user right lands within cultivated lands of the farm 

(%) 
C 

Physical asset 

HTRANSPORT Number of transport means of the household C 

HHOME Number of house equipment (Mattress, bed) of the household C 

HTRACTION Number of traction animals the farm possesses D 

Financial asset 

HGROSSINC Annual gross income of the farm (CFA) C 

HGROSSINCCP Annual gross income per capita (CFA/Capita) C 

HTLU Tropical Livestock Units of the farm C 

HTLUCP Tropical Livestock Units per capita (TLU/Capita) C 

HTLUHA Tropical Livestock Units per unit of cultivated land (TLU/ha) C 

Social asset 

H%  TRANSFER 
Share of transfer income (pension, gift) within gross income 

(%) 
C 

Production orientation 

H% CEREAL Share of cereals within cultivated lands of the farm (%) C 

H% COTTON Share of cotton within cultivated lands of the farm (%) C 

H% MFC 
Share of marketable food crops within cultivated lands of the 

farm (%) 
C 

H% CROPINC Share of crop income within gross income (%) C 

H%  LIVSINC Share of livestock income within gross income (%) C 

H%  NFINC Share of non-farm activities income within gross income (%) C 

Geographical variables 

HDISTPAVED Average distance of the household house to paved road (km) R 

HDISTTOWN Average distance of the household house to main town (km) R 

Note: 
a
 D = Extracted directly from the questionnaire; C = Compound information 

calculated based on information coded in the questionnaire; R = Extracted from map 

reading. 
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4.2.3. Analysis of farms performance  

Performances of farms were assessed using crop yields, soil nutrient use dose and intensity 

(Equation 4.1 and Equation 4.2), and economic efficiency of mineral fertilizer use by 

households (Equation 4.3). Cereal yield (maize, rice, sorghum and millet) was expressed in 

maize-equivalent based on calorie content. For example, the corresponding amount of 

maize-equivalent of 1 kg of millet grains equal to the quantity of maize grains in kg 

containing the same amount of energy in kilo calories (Kcal). Cereal calories content and 

extraction ratio were taken from Direction de la nutrition (2005), and Thiombiano (2008), 

respectively. Yields of legumes and cotton crops were expressed in kilograms. Economical 

yield was estimated from survey data and local market prices were provided by DGPER 

(2013) and SONAGESS (2013). Nutrient content of mineral fertilizer, compost, and animal 

dung were extracted from CILSS (2012), Bunasol (1985), and Landais and Lhostes (1990), 

respectively. Yields were estimated at plot level and averaged at farm level. Economic 

efficiency of mineral fertilizer use was defined as marginal increase of crop yield due to 

incremental investment in mineral fertilizer acquisition.   

N P K

Amount of N-P-K applied
Dose

Fertilized area
          Equation 4.1 

N P K

Total amount of N-P-K applied on the farm
Int

(Fertilized area + unfertilized area)
        Equation 4.2 

NPK-Urea No NPK-Urea
NPK-Urea

NPK-Urea

YieldValue -YieldValue
EEf =

Cost
        Equation 4.3 

With: Dose N-P-K = Application dose of total nutrient N, P and K 

IntN-P-K = Use intensity of total nutrient N, P and K 

EEfNPK-Urea = Economic efficiency of both NPK complex and Urea use 
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4.3. Results and Discussions  

4.3.1. Livelihood-based household-farm types  

4.3.1.1. Main factors discriminating household-farm types  

The Principal Component Analysis (PCA) extracted 10 Principal components (PC) with 

total Eigen values equal to or greater than 1 (Table 4.2) and bearing 81.24% of the initial 

total variance. The rotated component matrix was used to determine loadings of each PC. 

PCs were named after the variable with the greater loading and the most correlated to the 

principal component (Table 4.3). The factors discriminating the most household-farms in 

the study region with more than 10% of initial variance each (PC1, PC2 and PC3) are 

highly correlated with Financial (HTLUCP), human (HLABOUR) and production orientation (H% 

COTTON) variables. The PC1 representing 18.92% of total initial variance is highly correlated 

with HTLUCP (loading b = 0.91) and is named Livestock PC. PC2 (11.37% of total initial 

variance) was much more correlated with HLABOUR (loading b = 0.91) and was named 

Labour PC. The PC3, more correlated with H% COTTON (loading b= - 0.94) and bearing 

10.90% of total initial variance is named Cotton PC. Education PC (PC9) and Dependency 

PC (PC10) carry the lowest initial information, therefore discriminating less the 

households. The other discriminating factors are Labour age PC (PC4), Non-farm activities 

PC (PC5), Land security PC (PC5), Land holdings PC (PC6) and Marketable food crops PC 

(PC7). 
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Table 4.2. Total variance explained by main Principal.  

PC 

Initial Eigenvalues  
Extraction Sums of 

Squared Loadings 

 Rotation Sums of 

Squared Loadings 

Total 
% of 

Var.
b 

Cum.
a
 

% 
 Total 

% of 

Var.
b 

Cum.
a 

 % 

 
Total 

% of 

Var.
b 

Cum.
a 

% 

1 5.11 18.92 18.92  5.11 18.92 18.92  4.07 15.07 15.07 

2 3.07 11.37 30.30  3.07 11.37 30.30  3.00 11.12 26.20 

3 2.94 10.90 41.19  2.94 10.90 41.19  2.87 10.61 36.81 

4 2.13 7.87 49.07  2.13 7.87 49.07  2.12 7.84 44.65 

5 2.10 7.76 56.83  2.10 7.76 56.83  2.02 7.48 52.13 

6 1.64 6.07 62.89  1.64 6.07 62.89  1.97 7.30 59.43 

7 1.50 5.55 68.44  1.50 5.55 68.44  1.83 6.77 66.20 

8 1.35 5.02 73.46  1.35 5.02 73.46  1.55 5.72 71.92 

9 1.08 3.98 77.44  1.08 3.98 77.44  1.32 4.87 76.80 

10 1.03 3.80 81.24  1.03 3.80 81.24  1.20 4.45 81.24 

Note:  
a 
Cumul.= Cumulative.  

b
Var.=Variance 

Principal Components with Eigenvalues less than 1 are not shown. 
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Table 4.3. Rotated Component Matrix (i.e., loadings) using Varimax rotation method and Kaiser Normalization of first ten PCs 

Variables 

Principal components (PC) 

1-Liv. PC 

(18.92) 

2-Lab. PC 

(11.37) 

3-Cot. PC 

(10.90) 

4-Lab.age 

PC (7.87) 

5-N.F PC 

(7.76) 

6-L.S. PC 

(6.07) 

7-Land 

PC (5.55) 

8-M.F PC 

(5.02) 

9-Ed. PC 

(3.98) 

10-Dep. 

PC (3.80) 

HAGEMEMB 0.09 -0.15 0.02 0.89 0.07 0.02 0.03 0.06 -0.05 -0.24 

HAGELAB 0.06 -0.20 0.00 0.90 0.06 0.06 0.05 0.04 -0.06 0.06 

HHEADEDU  0.04 -0.13 -0.03 -0.05 -0.07 -0.01 0.02 0.00 0.80 -0.08 

HSIZE 0.04 0.90 -0.04 -0.21 0.02 0.06 0.00 0.05 -0.08 0.17 
HLABOUR 0.04 0.91 -0.05 -0.18 0.03 0.08 0.00 0.06 -0.06 -0.23 

HDEPEND -0.01 -0.06 0.04 -0.12 -0.04 -0.01 -0.03 -0.03 0.00 0.96 

HHOLDINGS 0.17 0.39 0.02 -0.04 0.06 -0.01 0.84 0.00 0.06 0.07 
HHOLDCP 0.01 -0.25 0.05 0.20 0.08 -0.03 0.85 -0.01 0.14 -0.11 

H% CEREAL -0.13 -0.11 0.67 0.04 -0.01 -0.01 -0.05 0.67 0.01 0.01 

H% COTTON 0.15 0.04 -0.94 -0.05 0.00 0.01 0.00 -0.02 -0.02 0.01 
H% MFC -0.02 0.08 0.25 0.00 -0.01 -0.01 0.08 -0.89 0.02 -0.02 

H% OWNLAND 0.01 -0.03 -0.04 0.00 -0.03 -0.98 0.02 0.02 0.03 0.02 

H% USERLAND 0.00 0.04 0.03 0.00 0.05 0.98 0.00 -0.03 -0.03 0.01 

HTRANSPORT 0.22 0.72 0.00 0.05 0.06 -0.05 0.04 -0.11 0.22 -0.04 
HHOME 0.23 0.31 0.07 0.12 0.06 -0.04 0.16 -0.05 0.64 0.14 

HGROSSINC 0.85 0.34 -0.12 -0.03 -0.15 -0.01 0.12 0.02 0.04 0.00 

HGROSSINCCP 0.91 -0.04 -0.16 0.08 -0.15 0.00 0.08 0.02 0.08 -0.09 
H% CROPINC -0.08 0.05 -0.91 -0.03 0.06 -0.03 0.05 0.02 -0.08 0.04 

H% LIVSINC 0.22 0.04 0.27 0.01 0.88 0.08 0.05 0.03 -0.02 -0.06 

H% NFINC -0.08 -0.07 0.31 -0.18 -0.89 -0.02 -0.08 0.02 0.01 0.00 

H% TRANSFER -0.20 0.07 0.06 0.55 0.03 -0.10 0.07 -0.16 0.34 0.01 
HTLU 0.86 0.26 0.02 -0.05 0.23 0.00 0.10 0.00 0.03 0.06 

HTLUHA 0.68 0.00 0.02 0.02 0.36 -0.02 -0.37 0.08 0.05 0.00 

HTLUCP 0.91 -0.07 0.02 0.02 0.28 0.02 0.04 0.04 0.07 -0.02 
HDISTPAVED 0.20 0.23 0.13 -0.02 0.03 -0.07 0.13 0.41 -0.08 -0.08 

HDISTTOWN -0.09 0.12 0.63 -0.04 0.09 0.09 0.27 -0.26 -0.14 0.20 

HTRACTION 0.41 0.39 0.01 -0.12 0.31 0.06 0.29 0.06 -0.14 0.18 

Note: Liv= Livestock, Lab= Labour, Cot= Cotton, N.F =Non-Farm activities, L.S= Land Security, M.F= Marketable Food crops, Ed= 
Education, Dep= Dependency. Numbers in parenthesis are percentages of total variance of original variables explained by the principal 

components. Bold and underlined are the high loadings, indicating most important original variables representing the principal components and 

used for clusters description. 
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4.3.1.2. Socio ecological household-farm types in Ioba province 

Five optimal classes were found and their livelihood structure is shown in Figure 4.2. 

Farm-type I: Better-off, cotton-and livestock-based farms (31% of study sample): Its 

livelihood is based on livestock and cotton. Revenue from cotton and livestock 

contributed 54% and 21% of annual gross income, respectively. Annual income was 

estimated to be 110,217 FCFA/capita and off-farm activities had the lowest contribution 

to annual gross income (only 19%). Farm-type I was best endowed in land resources 

(1.0 ha/capita). Cotton usually requires having enough lands; the bigger the cropped 

area, the higher the profitability of cotton production (PAFASP and CAPES, 2011). 

Farm-type II: Better-off, non-farm activities preference farms (30% of study sample): 

this farm-type is different from the other farm types by the high contribution of off-farm 

activities income (e.g., milling station, shops tenancy, motorbike and bicycle repairing, 

remittance) to annual gross income (77%). The annual income was estimated to be 

107,343 FCFA/capita/year. 

Farm-type III: Pro-poor, labour-poor-and landless farms (21% of study sample). This 

farm type was the most constrained in land and labour. It had only 4 workers on average 

and possessed 0.7 ha/capita. The dependency ratio was the highest (0.84). The low land 

access limited cotton cropping (3% of farmed land) which is the main cash crop of the 

region. Farm-type III drew the lowest annual income; i.e. 78,236 FCFA/capita. Its 

livelihood was based on subsistence cereals and livestock: 86% of farmed land was 

allocated to subsistence cereals and livestock formed half of annual gross income. 

Farm-type IV: Medium income, labour-rich, marketable food crop oriented and 

educated farms (9% of study sample). This farm-type was the most endowed in labour 

(11 workers) and had the most educated heads (4 years of classic education). It had the 

most diversified livelihood: main livelihood activities individually contributed less than 
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50% of annual gross income, contrary to the other farm-types. Livestock, non-farm 

activities and cotton contributed 44%, 34% and 16% of annual gross income 

respectively. 

Farm-type V: Poor, insecure-land tenure, livestock based farms (9% of study sample). 

This farm-type drew an annual income of 86,413 FCA/capita. Farms are characterized 

by insecure land tenure. They had only user-rights for most of lands they farmed. Up to 

68% of farmed land was borrowed. The land holding was evaluated to be 0.78 ha/capita. 

Their livelihood is based on livestock (59% of annual income), which in the region 

exploits mainly common lands for pastures and does not require having necessarily own 

lands.  

In the study region livestock appeared to be an important component of all farm 

types’ livelihood. As already observed by Zaibet et al., (2010), livestock plays an 

important role in West African smallholders’ livelihood. It constitutes, in general, a 

form of capitalization of financial resources. It can be sold out and the money used in 

case of food shortage or for purchasing mineral fertilizer. Beyond the financial aspect, 

livestock can be a valuable source of soil nutrient in livestock-agriculture integration 

scheme. Results also showed that land constrained farms (low access and unsecured 

land tenure) prioritized subsistence cereals production (more than 80% of farmed land). 

Their main agricultural cash income is drawn from rice grown on common land 

developed by state or projects. For these farms, interventions improving land access 

may improve their livelihood.  
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CashCp: Annual cash income per capita  

TLUCp:  Tropical Livestock Units per capita 

Labour:    Number of household’s workers  

CotASh: Share of cotton area 

OfFarm: Share of non-farm activities income 

OwnLand: Share of own land 

LandCp:     Land holding per capita 

MarketF:  Share of marketable food crops area 

HeadEdu:  Highest schooling year of household head 

Depend:    Dependency ratio 

Figure 4.2. Key variable indicators of livelihood dimensions of the five household-

farm types. 

Though the annual gross income was significantly different across household 

types, the annual gross income per capita which gives a better information (Le, 2005) 
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does not show any significant difference among household-farm types. Poverty is 

widespread in the study region. Around 47% of households live below the poverty line 

(INSD, 2010). This may explain the lack of significant difference among surveyed 

farms for annual gross income. The cash income per capita however revealed significant 

heterogeneity among household-farm types (Appendix 1). Available cash plays 

important role in farm livelihoods since it is the first resort of farmers for purchasing 

goods and services. Available cash will be critical for purchasing mineral fertilizer 

when farmers do not have access to a credit system. The non-farm activities oriented 

farms (farm type II) had highest cash income per capita (88,794 FCFA/person/year) 

while poor farms (farm types III and V) had the lowest cash income.   

4.3.2. Crop production performances of the different farm types 

Figure 4.3 shows yields of the main crops grown by farm types. No significant 

difference was found among farm types for yield of legumes (soya, cowpea and 

Bambara groundnuts) (Figure 4.3C) and tubers (Sweet potatoes and yams) (Figure 

4.3E). However, significant differences were found among farm types for cereals (e.g. 

rice, millet, sorghum and maize), groundnuts and cotton. Farm-type I had highest yield 

than farm-type II for cereals (668 kg maize equivalent/ha against 538 kg maize 

equivalent/ha). Farm-type I also performed significantly better than farm-type V for 

groundnuts (567 kg/ha against 320 kg/ha). As for cotton, farm-type I and IV showed no 

significant difference (890 kg/ha and 972 kg/ha, respectively) but were both 

significantly different from farm-type II (632 kg/ha). The farm-types I and IV comprise 

biggest cotton producers drawing up to 26% and 16% of their annual income from 

cotton. Farm-type II allocates only 5% of farmed land to cotton which provide only 3% 

of annual income.  
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Figure 4.3. Crop yields of the five household-farm types. 

Notes: Number on the top of the yield columns are the average yield. For each 

chart, the group mean values with same letter are not significantly different from each 

other at 95% (p < 0.05). 
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When considering the monetary income per unit of land (economic yield) farm-

types I and V had highest economic yield (159,000 FCFA/ha and 164,000 FCFA/ha, 

respectively), but they were not significantly different from each other. They were both 

significantly different from farm-type II (120,000 FCFA/ha) and farm-type III (131,000 

FCFA/ha). The economic yield depends both on productivity and economic value of 

crops grown by these farms. Therefore, farm-types I and IV which grow more of cash 

crops presented better economic yields. Farm-type II and III not only have low crop 

yield but also grow less cash crops. This explains the observed difference in their 

respective economic yields. 

4.3.3. Farm-types soil nutrient management strategies  

The main soil nutrients resources in the study region are mineral fertilizers, animal dung 

(mainly goat, sheep and poultry) and compost. Compost is mostly made from household 

waste, animal dung and crop residues. Recycling of crop residues was very low for all 

farm-types and no significant difference was found among farm types (Table 4.4).  

Table 4.4. Soil nutrient management practices 

Farm-

type 
n 

Recycling 

crop 

residues 

(%) 

Using 

stone 

bunds 

(%) 

Fallow land possession 

(% of farms) 

Farm land 

using 

mineral 

fertiliser 

(%) 

0 

ha/pers. 

>0<=1 

ha/pers. 

>1<3 

ha/pers. 

I 104 26.67
 

16.60 
a
 51.50 42.70 5.80 24.90 

II 102 23.53 11.10 
b 

44.00 52.00 4.00 12.10 

III 71 19.72 10.40 
b 

54.30 45.70 0.00 18.90 

IV 28 24.14 23.00 
c 

41.40 55.20 3.40 20.50 

V 29 21.43 20.40 
ac 

42.30 57.70 0.00 15.20 

Notes: For each indicator, farm-types with same subscript letter are not significantly 

different from each other at 95% (p < 0.05). 

On average only 24% of farmers recycled part of their crop residue at the study 

sites whilst Ebanyat et al. (2010) found that up to 78% of farmers were recycling crop 

residue in Uganda. Farmers of Ioba province are missing valuable nutrient resources for 
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replenishing soil fertility. Low rate of crop residues recycling can be explained by the 

competition (Ebanyat et al., 2010) with other uses like livestock feeding or fencing. 

Famers operate trade-offs for the use of crop residues. However, it can also be the result 

of labour constraint or insufficient knowledge and lack of system thinking. Most 

farmers are illiterate or have very low education level. This raises the issue of policy 

intervention efficiency given the high number of programs and NGO intervening to 

promote sustainable soil nutrient management in the region. Farmers also used stone 

bunds to reduce water erosion and preserve soil fertility. The farm-type IV had the 

highest proportion of plots where this technology (24%) was implemented. Farm-type 

III had the lowest proportion (10.40%). Stone bunds contributed to improve soil fertility 

through increase of soil macro fauna, soil carbon and soil nitrogen (Zougmoré et al., 

2004c; Doamba et al., 2011). However, most farmers in the study region implement 

stone bunds inconsistently, reducing its efficiency. Fallowing, used in the past for soil 

fertility restoration is declining mainly due to population pressure. Most farms have less 

than 1ha of fallow lands per capita. This suggests that agriculture in the region is bound 

to evolve toward intensification of mineral fertilizer use or toward innovative and 

affordable soil nutrient management strategies valuing locally available resources. 

All farm types seem to have applied nutrient with similar dose per nutrient 

resource (Figure 4.4). No significant difference was found among farm types. The 

application doses were low compared to the recommended doses. This might result in 

unbalanced soil nutrients. The observed application doses seem to be the result of 

nutrient resources availability; and farmers are therefore trying to make an extensive use 

of the available nutrient.  
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Figure 4.4. Nutrient application dose per nutrient ressource for five household-farm types. 

Notes: Numbers on top of columns are average nutrient application dose. Values with same letter are not significantly different from each other at 95% (p < 
0.05). 
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For nutrient use intensity, no significant difference was found among farm-types 

for animal dung and compost nutrient use intensity (Figure 4.5). The observed values 

were very low. It can be due to a low performance in collecting animal dung for farm 

types like farm-type IV and V which possess the biggest number of small ruminants per 

household: 13 and 8, respectively. There is also the fact that compost and manure are in 

general applied to non-distant homestead fields (Tittonell et al., 2005b). So, even when 

available, it may not be applied to bush fields. Composting of crop residues is 

constrained by the remoteness of fields and by water availability to water the compost 

during composting. This issue can however be solved by keeping crop residues within 

on-field compost pits or as heaps for two or more years as already practiced by few 

farmers (see Plate 4.1).  

 
Plate 4.1. Cotton straw heap of one year old in a farmer field 

 



 

46 

 

  

   
Figure 4.5. Nutrient use intensity per nutrient ressource for five household-farm types 

Notes: Numbers on the top columns are average nutrient use intensity. values with same letter are not significantly different from each other at 

95% (p < 0.05). 
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Significant difference was found between farms-types for mineral NPK and Total 

NPK. Only Farm-type I and Farm-type II were significantly different. Farm-type II had 

lowest mineral NPK use intensity. Possibly because of non-farm activities preference 

(Haileslassie et al., 2006), farm type II covers only 12.1% of farmed lands. It has the 

highest cash income per capita and this could have allowed purchasing more fertilizer 

than other groups. This suggests that the capacity to cover a relative largely amount of 

lands in mineral fertilizer depends not only on the financial resources available but also 

on farm livelihood orientation. The farm-type III and V, which had lowest income were 

not significantly different from more endowed farm-types. Despite their low income, 

they had as much mineral nutrient use intensity as higher income farm-types. This 

follows the Boserup’s path of agricultural intensification through increase of investment 

in fertilizer rather than through intensification of labour. The latter was considered to be 

less sustainable (Reardon and Vosti, 1995). As observed by Malmberg and Tegenu 

(2007), agriculture intensification usually intervenes land constrained and high 

dependency ratio context. The other possible explanation of the situation is that the 

governmental fertilizer subsidy programme implemented since 2008 favours the 

acquisition of fertilizer by less endowed farm and improves their nutrient use intensity. 

When comparing crop yields (Maize equivalent and physical production) performances 

of the different farm types to their nutrient management profile, a relationship was 

found between the two. Farm-type I, which had the highest nutrient use intensity, also 

had the best values for cereal, cotton and economic yields. Also farm-type II with 

lowest nutrient use intensity had lowest yields. These results demonstrate the functional 

relationship between crop production and nutrient management performances. 

Therefore, improving food productivity necessarily requires improving nutrient 
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management strategies of farm types through adoption of sustainable soil nutrient 

practices. 

4.3.4. Economic efficiency of mineral fertilizer use by the five farm types 

The Farm types showed strong heterogeneity for combined use of NPK and Urea 

economic efficiency (Figure 4.6). In effect farm type I is significantly different from 

farm types II, III and V. It had a positive economic efficiency (3.49). By investing 1,000 

FCFA in mineral fertilizer, farm-type I increased its monetary yield by 3,490 FCFA, 

more than three folds the invested amount of money. Farm type II and III also had 

positive economic efficiency. However they were not economically efficient: the 

marginal monetary yield was less than the invested amount of money for fertilizer 

acquisition. For 1,000 FCFA invested in mineral fertilizer, the marginal monetary yield 

is 100 FCFA (10%) and 300 FCFA (30%) for farm types II and III respectively. 

The farm type V had a negative economic efficiency, suggesting that farms are unable 

to draw economic surpluses from additional investment in mineral fertilizer. This low 

performance can be explained by inefficient use of mineral fertilizer causing important 

losses. Given the above results it can be concluded that farm livelihood (endowment in 

good land, financial endowment, crop production orientation) influences its economic 

efficiency of fertilizer use.  

The analysis of Pearson correlation coefficient table (Table 4.5) allows identifying 

and understanding possible factors that may influence farmers’ economic efficiency.  

Farm livelihood variables, which were significantly correlated to farms’ economic 

efficiency varied across farm types. 
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Figure 4.6. Economic efficiency of mineral fertilizer uses of five household-farm 

types 

Note: Numbers on top of yield columns are average economic efficiencies. Values with same 

letter are not significantly different from each other at 95% (p < 0.05). 

 

Table 4.5. Coefficients of correlation (R) measuring the effects of livelihood factors 

on farms' nutrient use efficiency  

 

Variables 

differentiating 

farm types 

Whole 

sample 

(n = 149) 

Household-farm type-specific R
 

Farm-

type I 

(n= 54) 

Farm-

type II 

(n = 34) 

Farm-

type III 

(n = 32) 

Farm-

type IV 

(n = 18) 

Farm- 

type V 

(n =11) 

HTLUCP -0.01 -0.26* -0.05 0.49** -0.07 0.25 

H%COTTON 0.01 -0.23* 0.01 -0.03 -0.2 0.44 

H%NFINC -0.10 0.15 0.35** -0.36** -0.11 -0.25 

H%MFC 0.07 0.29** -0.16 -0.20 0.35 -0.54* 

HHEADEDU 0.12 -0.09 0.36** 0.28 0.54** 0.14 

HDEPEND -0.16* -0.07 -0.10 -0.19 -0.25 -0.38 

FAGEMEMB 0.08 0.10 -0.17 0.12 0.41* 0.53 

FSIZE -0.04 -0.12 0.18 0.01 -0.41* 0.22 

FHOLDINGS -0.10 -0.23* 0.09 0.04 -0.35 -0.27 

FGROSSINC -0.01 -0.18 0.09 0.38** -0.36 0.34 

F%LIVSINC 0.02 -0.05 -0.33* 0.27 -0.01 -0.13 

F%TRANSFER 0.05 -0.02 -0.09 -0.21 0.47* 0.20 

HDISTPAVED -0.17* -0.14 -0.18 0.06 -0.37 0.09 

HDISTTOWN -0.24** -0.23 -0.04 -0.17 -0.40 -0.88** 

Note: * and ** indicate statistical significance (2-tail) at 90% and 95%, respectively. 

 

For whole sample, the dependency ratio (R= -0.16) and the remoteness variables 

(R= -0.17 for distance to paved road and R = -24 for distance to main town) reduced 
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farm economic efficiency. Household head education (R=0.36), Gross income 

(R=0.38), Tropical livestock units (R=0.54), Age of households members (R=0.41) and 

Transfer (R=0.47) were the main type specific variables that promoted economic 

efficiency. Type specific correlated variables with negative effect were Farm size (R= -

0.41), Distance to main town (R= -0.88) and Marketable food crops area (R= -0.54). 

These results revealed that economic efficiency of farms is influenced by access to 

modern infrastructures, education and financial resources. In effect, remoteness limits 

access to extension services, to fertilizers at affordable prices and to learning 

opportunities on sustainable soil management. Education was proven to be a critical 

factor in land management. Low education limits farm soil nutrient management skills 

and, therefore, affect its economic efficiency. The negative impact of dependency ratio 

can be explained by the fact that a high dependency ratio causes inconsistent application 

of mineral fertilizer due to low crop income. 

4.4. Conclusion  

The use of the Sustainable Livelihood Framework has allowed for a clear identification 

of household-types in the study region. Five typical farms were found: two better-off 

farm-types amongst which a cotton and livestock-based farm type (Farm-type I), and a 

non-farm preference farm type (Farm-type II); a labour-rich and marketable food crop-

oriented farm type (Farm-type IV); a poor, insecure-land tenure, livestock based farm-

type (Farm-type V); and a pro-poor, labour-poor-and landless farm-type (Farm-type 

III). The soil fertility management practices in use by these five farm-types were 

correlated with their livelihood profile. Wealth, livelihood strategy, land access, labour 

availability and existing policies were factors found to be influencing farms nutrient 

management practices. The land constrained and land unsecured farms intensify mineral 

nutrient use while better-off farms make high investment in mineral fertilizer if crop 
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production is the main activity in their livelihood strategy. Crop yields performances of 

farms as well as their economic efficiency are linked to nutrient management practices 

and livelihood. 

 On methodological level, SLF has proven to be a suitable framework for properly 

identifying farm types in a region. It allows better understanding of the relationship 

between socio-ecological heterogeneity of smallholder farms and on their nutrient 

management. This can be used for reflecting on promising pathways for sustainable 

land management. The study demonstrated the need for categorizing household-farms 

when analysing nutrient management and crop production performances. The results 

showed that influential factors of household-farm economic efficiency are not uniform 

across household-farm types. Common and type specific factors exist and ignoring it 

may give misleading results in farm studies.  
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5. THE ROLE OF CLIMATE CHANGE AWARENESS IN 

SUSTAINABLE SOIL NUTRIENT MANAGEMENT  

5.1. Introduction  

Climate change negatively impacts farming activities and aggravates crop production 

deficiencies, food insecurity, and threatens livelihoods (Jarvis et al., 2010; Lobell and 

Burke, 2010; Olsson et al., 2014; Porter et al., 2014). Recent studies (Blanc, 2012; 

Sultan et al., 2013) estimated that yield of main staple crops in Sub-Saharan Africa 

(maize, millet and sorghum) will decrease by up to 25.5 - 27% due climate change 

during the 21
st
 century. Adapting to climate change and building farm resilience is 

paramount to improving food security and livelihood of smallholder farms. 

To improve and sustain food production, smallholders farms need to change 

current agricultural practices, which are mostly inadequate in the context of climate 

change (IFPRI, 2007). As highlighted by previous studies (Place et al., 2003; Bationo et 

al., 2006; Anley et al., 2007; Chianu et al., 2012a; Chianu et al., 2012b), adoption of 

sustainable soil nutrient management practices is still limited in Sub-Saharan African 

countries. Beside financial constraints and to some extent, insufficient technical know-

how, the lack of understanding of ongoing climate variability and its implications 

contributes to the poor soil fertility management performances in Sub-Saharan African 

smallholder farms. 

There is a need to increase knowledge on farmers’ awareness to climate change 

for guiding decision making on smallholder farms adaptation and resilience to climate 

change. The extent of climate change impact largely depends on the farmers’ awareness 

(Fosu-Mensah et al., 2012). Awareness is a key determinant of adaptation to climate 

change (IFPRI, 2007; Ishaya and Abaje, 2008). For being proactive and taking efficient 
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adaptation actions smallholder farms need to understand climate change, its causes and 

implications. Marshall et al., (2013) associated climate awareness to enhanced adaptive 

capacities. 

Most of the past studies (Gbetibouo, 2009; Fosu-Mensah et al., 2012; Nzeadibe 

et al., 2012) did not clearly distinguish climate change perception from climate change 

awareness. Also it is hard to find studies on awareness of different farming systems to 

climate change. It has been proven (Zingore et al., 2007; Oumer et al., 2013) that farms 

heterogeneity plays an important role in explaining farm behaviours. Moreover it is 

difficult to find studies analysing climate change awareness in relation to soil nutrient 

management practices. 

Therefore, the main objective of this study is to analyse climate change 

perception and awareness of different socio ecological farm types and their implications 

on sustainable nutrient management. The specific objectives are: (i) to assess climate 

change perception and awareness of smallholder farms; (ii) to analyse climate change 

awareness of different farm types; and (iii) to analyse the effect of climate change 

awareness on soil nutrient management. 

5.2. Methodology  

5.2.1. Conceptual framework 

Temperatures rise, and rainfall decrease and variability in a location are some of the 

most obvious evidences of climate change in the tropics. Farmers can realize, feel and 

observe these changes without classic scientific measurements. The study defines this as 

perception of climate change. In perceiving the evidences, farmers can give trend 

(appreciation) over a period (e.g. increase or decrease of the evidence amplitude). When 

farmers have only perception they take no or less action to adapt (Figure 5.1). Beside 
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the perception, farmers can understand the perceived evidences, their causes and their 

implications for their activities. This allows them to take more and take more and strong 

actions, build strategies in order to cope, adapt to or mitigate these evidences. The 

understanding of the causes of the evidences as well as their implication for livelihood 

activities is defined as awareness. Awareness is raised by education, learning (e.g. from 

extension services and other developmental stakeholders), and through information (e.g. 

exposure to media). Due to their differences in assets endowments (education, financial 

resources, equipment, exposure to outside world), farmers of different socio ecological 

settings are expected to have different levels of climate change awareness. Previous 

studies used interchangeably climate change perception and awareness (Mertz et al., 

2008; Gbetibouo, 2009; Fosu-Mensah et al., 2012; Nzeadibe et al., 2012).  
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Figure 5.1. Conceptual framework of climate change perception versus awarenss  
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5.2.2. Methods  

5.2.2.1. Assessing climate change perception and awareness of farms  

From field observations, the climate parameter farmers usually monitor closely is 

rainfall because of its most patent effect on plants and feedback effects on temperatures. 

Therefore, rainfall was used to assess climate change perception of farmers. The longer 

the period of study, the better it is for observing variations due to climate change. 

Studies used a time span of ten years (Komba and Muchapondwa, 2012). However, 

using a long time span for studying climate change perception may alter the accuracy of 

farmers’ responses. To compromise between the need for having a long enough period 

and the need of accuracy in farmers’ responses, a time span of five years was used. 

Farmers were asked to appreciate the trend of rainfall for the last five years (2009-

2013). Farmers’ perception of rainfall trend was confronted to the trend of measured 

rainfall data. The awareness was assessed by asking farmers to give the causes and 

implications of rainfall variability on their farming activities. Descriptive analyses of 

responses were performed in SPSS version 20 (Statistical Package for Social Sciences) 

and z-test used to test the difference of responses between farm types. 

5.2.2.2. Analysing effects of climate change perception and climate change 

awareness on sustainable soil nutrient management  

Rainfall data was analyzed for trend detection in XLSTAT 2014 using Mann-Kendall 

trend test. The results were compared to the perception of farmers for the last five years.  

For analysing the effect of climate change perception and of climate change awareness 

on sustainable soil nutrient management, we run descriptive analyses using crosstabs 

and chi-square test to evaluate the difference in the responses of the different farm 

types. 
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5.3. Results and discussions 

5.3.1. Climate change perception in Ioba province  

As much as 99% of farmers perceived variability in rainfall during the last five years. In 

addition, 72.4% of farms noted a late onset of the cropping season. This shows that 

farmers largely perceive ongoing climate change as previously found by Ouedraogo et. 

al., (2010). The perceived trend of rainfall varied across farm types (Figure 5.2). The 

chi-square test revealed that farm-type IV was significantly different from farm-types II 

and III. Farm-type I was significantly different from farm-type II in terms of climate 

change perception. Farmers largely perceived a decreasing rainfall for all farm types. 

Only farm-type IV was dominated by farmers who perceived a fluctuating rainfall 

(51.7%). Most farms of the farm-types II and III (67.0 and 64.8 % respectively) 

perceived a decreasing rainfall. 

The perceived trend in the rainfall of farmers was compared to the trend of 

measured rainfall data. The Mann-Kendall trend analysis (Table 5.1) showed no trend in 

the rainfall data for the last five years. This means a fluctuation of rainfall for the 

period. Only perception in farm-type IV matched trend of the measured rainfall. Less 

than 50% of the farmers in the others farm-types perceived a trend matching the trend 

observed in the measured rainfall data. It shows that different farm types can perceive 

rainfall trend in different ways that may affect their adaptive response. Farm-type IV 

being the most educated, the results support the fact that education plays a primordial 

role for an accurate perception of rainfall variability by smallholder farms. The results 

also highlight the difficulty for farmers to keep accurate track of rainfall over years. The 

issue can be solved by building farmers’ capacities in agro meteorology through 
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extension services and media. It could contribute to a better management of farming 

activities and efficient response to climate change. It requires widening rain gauge use 

and close collaboration of extension services with farmers. 

 

 
Figure 5.2. Farmers’ Climate change perception 

 

Table 5.1 Mann-Kendall trend test 

Kendall's tau 0.156 

S 7.000 

Var(S) 0.000 

p-value (Two-tailed) 0.601 

alpha 0.05 

 

 

5.3.2. Smallholder farms heterogeneity and climate change awareness 

It was found that about 50% of the farms could not explain observed rainfall variation 

(Figure 5.3). Around 26% of the farmers explained it by their religious beliefs (e.g. 

God’s punishment and non-observance of traditional rituals). Only a few of them 

referred to climate change (4.1%) or anthropogenic causes like deforestation (19.2%) or 

bush fires (0.9%). The distribution of responses across farm-types revealed significant 

heterogeneity. Farmers whose responses were climate change or deforestation were 
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considered as having climate change awareness. As such, farm-type IV was again the 

farm type with highest proportion of farmers having climate change awareness (36.7%). 

It was significantly different from farm-types II and V. Farm-type IV had lowest 

proportion of farmers who explained rainfall variation by believes (16.7%). It can be 

explained by their education level. Farm-type IV had most educated household heads (4 

years on average). Farm-type IV was not significantly different from farm-type I which 

had low educational level but comprised the biggest cotton producers benefiting from 

close technical assistance of cotton companies. Undoubtedly, this gives them 

opportunity to learn about climate change, related causes and challenges. It shows the 

importance of the farm social network. Education, learning and extension services are 

therefore important means for farmers to build knowledge on climate change. These 

services should be strengthened and extended for improving and raising climate change 

awareness of farmers.  

 

 
Figure 5.3. Causes of perceived rainfall variation by farmers 
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5.3.3. Adaptive measure against rainfall variability 

In response to rainfall variation, farmers may undertake actions to ensure farm 

productions (e.g. crops and livestock). Action is taken according to perceived trend, 

understanding of ongoing changes, farm assets endowment and capabilities. Farmers 

having climate change awareness are expected to take more actions. Multi-response 

analysis was used with the aim of identifying measures undertaken by farmers in 

response to the perceived rainfall variation and according to their climate change 

awareness. The main adaptive measures that were identified are presented in Figure 5.4. 

As expected, a large proportion of farmers having climate change awareness (83.3%) 

took measures to counter the negative effects of rainfall variation on their farming 

activities.  
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The main implemented measures were: 

-  Stone bunds reducing water erosion (33.3% of farmers having awareness 

against 21.9% of farmers with no awareness). The use of stone bunds is labour 

intensive and is sometimes constrained by labour availability; 

- The use of chemical fertilizers (13.9 % against 7.9%). 

- The use of organic fertilizer (29.2% against 18.8%). Like the use of stone bunds, 

organic fertilizer adoption is constrained by labour (see chapter 3). 

- Improved varieties (20.8% against 5.9%): these are short cycle and drought 

resistant varieties promoted by extension services. 

- Few farmers stated early sowing as a measure against rainfall variation. 

- Only farmers not aware of climate change (2.3%) diversified their activities into 

off-farm activities. 

Not all the farmers having climate change awareness took measures to address 

rainfall variability. Up to 16.7% took no actions. This can be explained by the fact that 

farmers are constrained by resource endowment. Indeed, mineral fertilizer use is still 

limited in the region despite subsidies to support fertilizer consumption. Soil 

conservation and replenishment measures like stone bunds and organic fertilizer are 

constrained by farmers’ labour availability and financial resources (See chapter 4 and 

6). So, awareness alone appears not to be enough for farmers to take coping or adaptive 

measures. Their response to climate change may be constrained by their assets and 

capabilities.  

The lack of awareness limited the adoption of measures against rainfall 

variability. In effect, around 40% of farmers who were not aware of climate change 

took no action to face the rainfall variability. This shows the importance of awareness in 

the adaptation to climate changes. Therefore, climate perception only is not enough in 
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climate change studies or policy interventions. Climate change awareness should also 

be investigated to better understand farmers’ behaviour and their readiness to adopt 

coping and adaptation measures. The results showed that despite lack of climate change 

awareness, around 60% of farmers who had no awareness adopted some measures 

against rainfall variability. However, this does not necessarily mean that without 

awareness farmers will still adopt efficient measures based only on their perception of 

climate change. Other factors can compel them to adopt. As noted by Barbier et al., 

(2008) farmers may adopt soil fertility management measures because of growing land 

scarcity and new market opportunities rather than the perceived climate change. The 

study region is facing important land pressure. 

5.4. Conclusion  

The study showed that farmers (99%) perceive very well rainfall variation and late onset 

of cropping seasons. However not all farmers knew and understood the causes of these 

variations. They don’t have climate change awareness which is crucial for farmers to 

undertake and invest into efficient adaptive practices. These results highlight the 

importance of distinguishing perception from awareness in climate change adaptation 

studies. Though the two items are interrelated they are differently correlated to 

sustainable soil nutrient management by smallholder farms. Also, climate change 

perception and awareness varied across farm types. The most educated farm-types had a 

better perception of rainfall trend and their perception matched better with the trend of 

measured rainfall data. Education and access to extension services play a paramount 

role in raising climate change awareness of farmers. Findings highlight the key role of 

farm heterogeneity in climate change awareness. Farming system design need to 

account for climate change awareness and the influence of farm heterogeneity on 

smallholder awareness. To raise farmers’ awareness to climate change, policy 
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intervention should be to reinforce extension services collaboration with farmers for 

their capacity building in agro meteorology and use of historical rainfall data to better 

tailor and plan farming activities. As noted by AGRA (2014), opportunities to adapt 

agricultural systems to a variable and changing climate depend on access to climatic 

information, and can be constrained if the right information is not available at the right 

spatial and temporal scale. 
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6. RESPONSIVE HETEROGEINTY IN SUSTAINABLE SOIL 

NUTRIENT MANAGEMENT: THE CASE OF SMALLHOLDER 

FARMS IN IOBA PROVINCE  

6.1. Introduction 

Hunger and undernourishment are still rife in Sub-Saharan Africa. For decades food 

insecurity has affected many countries with not much improvement (FAO, 1993; FAO, 

2006; FAO et al., 2013) despite numerous interventions. In Burkina Faso in particular, 

37% of rural households were food insecure in 2013 (SPCPSA, 2013) and 25% of the 

country’s population was undernourished in 2011-2013 (FAO et al., 2013). Food 

insecurity is prone to failure of households to ensure sustainable food production 

(Devereux and Maxwell, 2001; Devereux, 2009). Most cropping systems in Sub-

Saharan African (SSA) are characterized by alarming soil nutrient depletion (Stoorvogel 

and Smaling, 1990; Lal, 1995; Bationo et al., 1998; Anonymous, 2006; Cobo et al., 

2010). Resulting soil degradation affects food security through low crop yields and 

reduced household income (Stocking, 2003; Lal, 2009; Pimentel and Burgess, 2013; 

Grote, 2014). 

Combatting food insecurity requires tackling soil nutrient mining issues while 

improving food productivity and profitability. Adoption of proven soil fertility 

management practices (e.g. mineral and organic fertilizers) has the potential of 

improving crop productivity (Vlek et al., 1997; Ingram et al., 2008; Lal, 2009). Indeed, 

mineral fertilizers are shortest way for replenishing soil in macronutrient and avoiding 

widespread nutrient mining. Organic fertilizers improve soil fertility (Gaur and Singh, 

1993) and are crucial for farmers who are unable to purchase mineral fertilizers (Palm et 

al., 2001). It improves soil physical properties through strengthening of organic matter 
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(Palm et al., 1996; Vanlauwe and Giller, 2006; Ding et al., 2012; Körschens et al., 

2012). Beyond macronutrients it can contain micronutrients (Cu,  B,  Zn,  Mn,  Mo) 

which greatly increase soil productivity (Parr and Colacicco, 1987). Combined organic-

mineral fertilizers reduces nitrogen losses observed in sole mineral fertilizer use 

(Neeteson, 1993). It generate better yields than sole use of mineral fertilizers (Mucheru-

Muna et al., 2007; Ding et al., 2012; Kearney et al., 2012; Kismányoky and Tóth, 

2012). 

However, adoption of Sustainable Nutrient Management (SNM) practices 

remains very low in SSA (Place et al., 2003; Bationo et al., 2006; Anley et al., 2007; 

Chianu et al., 2012a; Chianu et al., 2012b). Inefficient agricultural policies (Anley et 

al., 2007) contribute to the low adoption of SNM. Indeed, interventions promoting 

SNM adoption often implement uniform policies while farmers’ population is 

characterized by inherent social and ecological diversity. It is necessary to better 

understand factors affecting farmers’ adoption and based on that to inform policy 

leveraging farmers' incentive to adopt. 

Most studies (Adesina, 1996; Makokha et al., 2001; Chianu and Tsujii, 2005; 

Waithaka et al., 2007; Kassie et al., 2013; Lambrecht et al., 2014) analyzed the effects 

of a range of different factors on nutrient adoption/use but with a uniform affecting 

pattern. However, given an affecting factor, its significance, affecting direction and 

magnitude can be different over different types of farm/farmers. This responsive 

heterogeneity needs to be understood. 

The main objective of the study is to analyze responsive heterogeinity of 

smallholder farms in the use and adoption of mineral and organic fertilizers. The 

specific objectives are to: 
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- analyze the common determinants of mineral and organic fertilizers 

uses/adoption for different farms types 

- analyze farm type-specific determinants of mineral and organic fertilizer 

uses/adoption  

6.2. Methods 

6.2.1. Conceptual framework  

The conceptual framework of this study (Figure 6.1) is based on Sustainable Livelihood 

framework (Sconnes, 1998; DFID, 1999; de Sherbinin et al., 2008). Adoption/use of 

sustainable land management practices by the farmer/farm is a function of available 

resources (Jones, 2002). The readiness of farmer to apply soil nutrients is not only 

affected by perception of soil fertility. It is also determined by farm assets (e.g. natural, 

physical, financial, social and human assets). In pursuing its livelihood objectives (e.g. 

food security and well-being), farmer mobilizes and allocates its assets within a 

livelihood strategy. This strategy needs to be accounted for when analyzing soil fertility 

management. Livelihood-based farm typology gives therefore more insight into soil 

fertility management (Tittonell et al., 2005b; Bidogeza et al., 2009; Tittonell et al., 

2010; Oumer et al., 2013). Besides common determinants, there are farm-type specific 

factors that influence the response of farms to soil degradation and, therefore, affect the 

adoption/use of soil nutrient. This specific responsiveness is inherent to level of assets 

endowment and to farm livelihood strategy profile. It may change overtime with the 

change in farm livelihood strategy and assets endowment.  
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Figure 6.1. Conceptual framework of responsive heterogenity 

 

6.2.2. Dependent variables  

Because of limited acess, farmers may apply very small (insignificant) amount of 

nutrient. Applied amount of nutrient was considered significant when it was more than 

10% of the recommended application rate. Only famers observing this threshold were 

considered as users of mineral and organic fertilizers. Dependant variables and 

corresponding inferential statistical methods used are summarized in Table 6.1. 

 Use/adoption of mineral fertilizers (NPK + Urea): NPK(14-23-14) and Urea 

(46N) are the commonly used mineral fertilizer in the study region. Given previously 

defined threshold and recommended rates of application for mineral fertilizer (CILSS, 

2012), fertilizer users apply more than 9.7 kg N-P-K ha/year. The dependent variable 

mineral fertilizer use intensity (YMinUse) expressed the amount of mineral nutrient 

annually applied per unit of land (kg N-P-K ha/year). It was computed dividing the 

amount of nutrient applied by the total cultivated area with and without mineral 

fertilizer. The variable Adoption of mineral fertilizer use (YMinApt) refelected the farm 
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choice to apply or not mineral nutrient. YMinApt = 1 if farm adopts mineral fertilizer and 

0, otherwise. 

 Adoption of organic fertilizers (YOrgApt): the variable refelected the farm choice 

to apply organic fertilizer (compost and animal dung) or not. YOrgApt =1 if farm adopts 

organic fertilizer and 0 ifotherwise. According to the recommended application rates 

from Ioba provincial directorate of agriculture and CILSS(2012), and given threshold 

defined above (significant amount of fertilizer) organic fertilizer users apply more than 

4.1 kg N-P-K ha/year and 2.7 kg N-P-K ha/year from compost and animal dung, 

respectively. 

 Adoption of both mineral and organic fertilizers (YMinOrg). This variable 

expressed combined use of mineral and organic fertilizers (Mineral-organic fertilzers). 

YMinOrg = 1 if the farm applies both mineral and organic fertilizers and 0 if otherwise. 

 

Table 6.1. Dependent variables and corresponding inferential statistical methods 

Dependent 

variable 
Brief definition 

Inferential 

statistical 

method 

YMinUse 
Annual amount of mineral fertilizer used for the plot (kg 

N-P-K /ha/year) 

Multiple 

linear 

regression 

YMinApt 

Adoption of mineral fertilizer: 1 = farmer adopt mineral 

fertilizer use for the plot (> 9.7 kg N-P-K /ha/year); 0= 

otherwise 

Binary 

logistic 

regression 

YOrgApt 

Adoption of organic fertilizer: 1= farmer adopt either 

animal dung or compost for the plot (> 2.7 kg N-P-K 

/ha/year and > 4.1 kg N-P-K /ha/year in the cases of 

animal dung and compost, respectievly); 0 = otherwise 

Binary 

logistic 

regression 

YMinOrg 

Adoption of both mineral and organic fertilizer: 1 = 

farmer adopt both mineral and organic fertilizer for the 

plot (> 9.7 kg N-P-K , > 2.7 kg N-P-K /ha/year and > 4.1 

kg N-P-K /ha/year for mineral fertilizer, animal dung and 

compost, respectievly); 0 = otherwise 

Binary 

logistic 

regression 
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6.2.3. Inferential statistical methods  

Multiple linear regression (MLR) was used for explaining mineral fertilizer use 

intensity (YMinUse). MLR is a common inferential statistical method for continuous 

variables. 

𝐘𝐌𝐢𝐧𝐔𝐬𝐞 = 𝛂 + 𝛃𝟏𝐗𝟏 + 𝛃𝟐𝐗𝟐 + ⋯ + 𝛃𝐧𝐗𝐧      

Where Xi  are  explanatory variables, βi (i = 1, 2, 3, . . ., n) their weights and α the 

intercept. 

Binary logit regressions were used for adoption analysis. Binary logit regression is 

common method used for adoption analysis. 

𝐩(𝐲 = 𝟏) =
𝐞(𝛂+𝛃𝟏𝐗𝟏+𝛃𝟐𝐗𝟐+⋯+𝛃𝐧𝐗𝐧)

𝟏+𝐞(𝛂+𝛃𝟏𝐗𝟏+𝛃𝟐𝐗𝟐+⋯+𝛃𝐧𝐗𝐧)                  

With y = YMinApt ; YOrgApt  or YMinOrg,  and  p(y= 1) the probability of y = 1. 

In the study region, maize is the main food crop for which famers usually apply 

nutrient. The number of fertilized plots of other food crops in the study sample was not 

high enough for conducting regression analyses. Inferential analyses were then 

performed only for maize plots. Three farm types out of the five farm types identified in 

the study region had high enough number of fertilized maize plots for regression 

analyses. Effects of hypothesized determinants (Xi) were estimated for plots of whole 

population (n = 292 plots), and of the three main farm types (i.e., Better-off, cotton-and 

livestock-based farms (n= 107), Better-off, non-farm activities preference farms (n = 

104), and Pro-poor, labourless-and landless farms (n= 81). 

6.2.4. Explanatory variables  

Candidate explanatory variables and their hypothesized effects are presented in   
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Table 6.2. They were gathered from literature based on the Sustainable Livelihood 

Framework. 

6.2.4.1. Variables of financial assets 

Poverty is often a factor fuelling land degradation (Scherr, 2000; Vu et al., 2014b) and 

constraining the use of soil nutrients by smallholder farmers. The variable cash income 

per capita per year (HCashCp) and the variable remittance income per capita per year 

(HRemitCp) increase farm income and are expected to augment the chance for farmers to 

adopt mineral nutrient and increase its use intensity. Amekawa (2013) highlighted that 

remittance can be a valuable source of income for farmers. It was hypothesized that 

these variables are common factors affecting nutrient adoption and use. 

6.2.4.2. Variables of natural assets 

Cropped land allocation within the farm contributes to determine soil management 

practice. Some crops (e.g. maize and rice) are more demanding in nutrient while others 

(legumes) are less and even contribute to enrich the soil through biological N fixation, 

and therefore reducing nutrient mining effect (Enyong et al., 1999). Increases in size of 

maize and rice plots may reduce the adoption and use of soil nutrient because of the 

limited access. By planting more legumes, the farmer has the opportunity to save soil 

nutrient for other crops. Also, by cultivating intervention-targeted crops, farmers have 

more chance to adopt and use nutrient due to facilitated access to fertilizers (e.g. credit 

system for conventional cotton). Therefore, area of legumes per capita (HLegCp) and area 

of conventional cotton per capita (HCCotCp) are expected to augment the chance of 

nutrient adoption and increase their use. However, area of maize and rice per capita 

(HMzeRceCp) will tend to reduce adoption and use of nutrient. Through monetary income 

generation, area of dry season irrigated land per capita (HIrrigCp) is expected to augment 
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the chance of mineral nutrient adoption and its use intensity. Livestock is an important 

source of nutrients through manure production (Place et al., 2003; Kassie et al., 2013). 

The variable number of small ruminants (goats and sheep) per capita (HSRumCp) is 

hypothesized to have positive effect on organic fertilizer adoption and negative effect 

on adoption and use of mineral fertilizer. The expected common determinants are 

HMzeRceCp, HCCotCp, HLegCp and expected farm type specific determinant are HIrrigCp and 

HSRumCp. 

6.2.4.3. Variables of physical assets 

Animal power (HAniPowCp) plays an important role (Kassie et al., 2013) in smallholder 

farms which usually are not or very lowly mechanized. It allows saving time during 

ploughing. It also helps transporting to distant plots the organic fertilizer which is 

usually applied to homestead plots (Kassie et al., 2013).  HAniPowCp is expected to 

increase the chance of a farmer adopting and using more intensively soil nutrient. Farms 

with low access to permanent road may also have low access to big markets. This may 

constrain farmers’ capabilities to purchase fertilizers or farming equipment. Therefore, 

average distance of household to nearest paved road (HDistRoad) is expected to reduce 

farm chance of adopting and using mineral nutrient. The resulting low access to 

fertilizer can compel the farmer to turn into adoption of organic fertilizer or not. So, 

expected effect of HDistRoad on mineral nutrient adoption and use is negative but unclear 

for adoption of organic nutrient. 

6.2.4.4. Variables of human assets 

 Human assets are very important for the successful use of the other assets in sustainable 

nutrient management (SNM). Household size (HSize) is a source of labour necessary for 

applying available soil nutrient. Age of household head (HHAge) may reflect 
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accumulated experience of the farm and compel it to adopt and use sustainable nutrient 

management practices (Mkhabela and Materechera, 2003; Ketema and Bauer, 2011). 

Both variables may also have a negative effect (Freeman and Omiti, 2003; Chianu and 

Tsujii, 2005). In effect, the load of large household size may limit available cash for 

purchasing mineral fertilizer. Ageing labour may reduce available labour for 

composting or recycling crop residue for instance and they may not like taking risk. The 

above mentioned two variables hypothesized effects on nutrient adoption and use are 

unclear. These two variables however, are expected to act as common factors affecting 

soil nutrient use 

Educated famers may better understand the importance and benefit of 

sustainable nutrient management. Training, through learning and exposure to SNM 

practices (e.g. Field schools and demonstrations plots) may render farmers more 

receptive to new technologies and SNM practices in particular. Therefore, number of 

education years of the household head (HHEdu) (Freeman and Omiti, 2003) and number 

of time household members attended a training session in the last five years (HTraining) 

(Nkamleu, 2007) are expected to increase adoption and use intensity of soil nutrient. It 

is hypothesized that HHEdu and HTraining will be group specific determinants: HHEdu is 

expected to be significant for best educated heads farm types while HTraining is expected 

to be significant for farm types with less educated heads. 
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Table 6.2. Brief description and hypothesized explanatory variables for nutrients 

adoption and use 

Variable Definition 

Hypothesized effect on 

YMinUse or 

YMinApt 
YOrgApt YMinOrg 

Financial attributes 

HCashCp 
Cash income per capita per year 

(FCFA/capita/year) 
+ - +/- 

HRemitCp 
Remittance income per capita per year 

(FCFA/capita/year) 
+ - +/- 

Natural attributes 

HMzeRceCp 
Area of   maize and rice per capita 

(ha/capita) 
- - +/- 

HLegCp Area of legumes per capita (ha/capita) + + +/- 

HCCotCp* 
Area of conventional cotton per capita 

(ha/capita) 
+ + +/- 

HIrrigCp 
Area of dry season (irrigated) land per 

capita (ha/capita) 
+ - +/- 

HSRumCp 
Number of small ruminants (goats and 

sheep) per capita 
- + +/- 

Human attributes 

HSize Size of the household +/- +/- +/- 

HHAge Age of household head +/- +/- +/- 

HHEdu 
Number of education years of the household 
head 

+/- +/- +/- 

HTraining 
Number of times household members 

attended a training session the last five years 
+/- + +/- 

Physical attribute 

HAniPowCp 
Animal power (number of oxen and 

donkeys) per capita 
+ + +/- 

HDistRoad 
Average distance (Km) of the household 

house to the nearest paved road 
- +/- +/- 

 

6.2.5. Evaluation of performance of models  

Existence of multi-collinearity was checked using Variance Inflation Factor (VIF) and 

contingency coefficient. There will be risk of multi-collinearity if VIF is greater than 5 
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and contingency factor is less than 0.2 (DeFries et al., 2010).  The performance MLR 

model was evaluated using F-statistics for overall performance and adjusted R-square 

for goodness-of-fit. A model can be considered as having good performance for R-

square values between 0.5 and 0.3 (Greene, 2012).  For binary logistic regressions, the 

Chi-square test was used to evaluate models’ overall performance. Goodness of fit was 

evaluated using percent of good prediction and area under the Receiver Operating 

Characteristic (ROC) curve (Hosmer and Lemeshow, 2000). For values of area under 

ROC of 0.60-0.70, the models’ performance is appreciated to be poor. For values of 

area under ROC between 0.70 and 0.80, the performance of the model is considered to 

be acceptable. It will be good if the area under ROC is between 0.8 and 0.90. When 

values are between 0.90 and 1, the perofrmamce of the model is excellent. 

6.3 Results  

6.3.1. Soil nutrient use and adoption models performance  

No multicollinearity was found between explanatory variables (Table 6.3). The MLR 

was significant at 1% (Table 6.4). Prediction power of models was strong: R
2
=0.44, R

2
 

= 0.36 and R
2 

= 0.41 for farm-types I, II and III respectively. But it was less strong for 

whole population: R
2 

= 0.24. For bi-logit models, Hosmer and Lemeshow test at 5% 

showed a good fit of models to the data for mineral fertilizer adoption for whole 

population, farm-types II and III (p>0.05) but not for farm type I (p<0.05). Values of 

area under ROC (Table 6.5) showed good performance of models for whole population, 

farm types I and II (0.81, 0.88 and 0.86, respectively) and excellent for farm-type III 

(0.91). Models for organic fertilizer adoption also had good overall performance 

(p>0.05 for Hosmer and Lemeshow test) and area under ROC varied from 0.68 to 72.6 

(Table 6.6). Results of Hosmer and Lemeshow test (Table 6.7) showed good 

performance for models of combined mineral-organic nutrient adoption: p>0.05. 
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Prediction power was good (77-85%) and Area under ROC varied from 0.77 to 0.85 

(Table 6.7)  

 

Table 6.3. Multi-collinearity statistics of multiple regression analyses for factors 

affecting mineral fertilizer use. 

Explanatory 

variable 

Whole 

population 

 Farm type 

 I 

 Farm type 

II 

 Farm type 

III 

Tol.* VIF  Tol.* VIF  Tol.* VIF  Tol.* VIF 

HCashCp
 0.62 1.61  0.37 2.71  0.35 2.85  0.47 2.14 

HRemitCp 0.96 1.04  0.73 1.36  0.84 1.19  0.77 1.30 

HMzeRceCp 0.67 1.48  0.66 1.52  0.51 1.96  0.44 2.28 

HLegCp 0.69 1.45  0.39 2.56  0.57 1.75  0.51 1.96 

HCCotCp 0.61 1.65  0.36 2.76  0.38 2.62  0.46 2.16 

HIrrigCp
 0.90 1.11  0.65 1.54  0.66 1.51  0.59 1.69 

HSRumCp 0.79 1.26  0.59 1.69  0.68 1.47  0.49 2.04 

HSize 0.79 1.27  0.58 1.72  0.64 1.56  0.68 1.47 

HHAge 0.88 1.13  0.82 1.22  0.73 1.36  0.65 1.54 

HHEdu 0.82 1.22  0.60 1.68  0.77 1.30  0.58 1.73 

HTraining 0.90 1.11  0.63 1.58  0.78 1.28  0.91 1.11 

HAniPowCp 0.71 1.42  0.71 1.40  0.64 1.56  0.51 1.96 

HDistRoad 0.77 1.29  0.75 1.33  0.69 1.46  0.71 1.41 

Note:There will be a collinearity if the tolerance value < 0.2 and VIF > 5; *Tol.= Tolerance 

 

Explanatory varibales did not affect fertilizer use and adoption in the same way 

(e.g. direction and amplitude) for whole population and for different farm types. Two 

different types of affecting factors were found: 

(i) Common factors affect fertilizer use and adoption by whole population and by 

different farm types. A common factor exhibits same direction for whole population and 

accross affected farm types 

(ii) Farm type specific factor affects a particular farm type and does not appear as 

affecting factor for whole population. This type of factor was named type specific factor 

of first order. A factor may also affect a particular farm type in a direction opposite to 

its affecting direction for whole population and other affected farm types. Or, it may 

affect a particular farm type and only whole population in same direction but with lower 

amplitude for whole population. This suggests that the presence of non-affected farm 
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types in whole population reduces coefficient amplitude. This affecting factor was type 

specific factor of second order. 

6.3.2. Determinants of mineral fertilizer use and adoption  

6.3.2.1. Common affecting factors  

As expected, HAniPowCp had a positive effect (Table 6.3). The number of draught animals 

increases mineral fertilizer use for whole population, farm-types I and II. HDistRoad, had a 

positive effect on mineral fertilizer use. It was statistically significant for whole 

population, farm-types I and III. Remotness augmented mineral fertilizer use. Age of 

household members (HAge) reduced the use of mineral fertilizer. Aged household 

members may mobilize less financial resources for purchasing fertilizer. Also, old 

farmers may not fully understand importance of sustainable soil nutrient management, 

contrary to young farmers who are usually better educated and more open to new 

technologies. HAge was significant for whole population only. 

Common affecting factors for mineral fertilizer adoption were cash income per 

capita per year (HCashCp), household size (HSize) and average distance of household to 

nearest paved road (HDistRoad). They all had positive effect on fertilizer adoption (Table 

6.5). HCashCp was statistically significant at 5% for whole population, farm-types I and 

II. HSize and HDistRoad were siginficant for whole population but not for individual farm 

types, at 5% and 1% respectively. Cash income per capita per year, household size and 

average distance of household to nearest paved road increased mineral fertilizer 

adoption. 
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Table 6.4. Multiple linear regression analyses for factors affecting mineral 

fertilizer use (kg of N-P-K ha
-1

 year
-1

). 

 Estimated β coefficients 

Explanatory variable 
Whole population 

(N =292) 

Farm type I 

(n= 107) 

Farm type II 

(n = 104) 

Farm type III 

(n = 81) 

Intercept 24.85 16.71 21.76 28.24 

HCashCp
 

1.13E-04** 1.02E-04 1.63E-04* 5.36E-05 

HRemitCp 2.00E-03* 0.01*** -2.02E-04 -1.00E-03 

HMzeRceCp -57.00** 6.60 -86.19 -78.43* 

HLegCp 20.16 -23.80 -72.46 43.66 

HCcotCp 4.20 -10.91 -41.54 31.71 

HIrrigCp
 

611.97*** 918.68*** 494.15 409.15 

HSrumCp 3.27 2.89 24.09** 1.04 

HSize 1.14 1.42 0.73 1.50 

HHage -0.42** -0.42 -0.17 -0.43 

HHedu 1.19 2.73 1.41 -0.65 

HTraining 10.53* -11.15 14.55 40.45* 

HAniPowCp 41.24** 49.09* 250.75*** 36.27 

HDistRoad 1.70*** 1.35* 0.21 2.25** 

F-test 

df=13 

F=4.84 

P=0.000 

df=13 

F=3.57 

P=0.000 

df=13 

F=2.55 

P=0.007 

df=13 

F=2.61 

P=0.008 

R
2
 0.24 0.44 0.36 0.41 

Adjusted R
2
 0.19 0.32 0.22 0.25 

Note: symbols *, **, and *** indicate statistical significance at 10% (p< 0.1), 5% (p< 

0.05), and 1% (p< 0.01), respectively; Std. = Standardized 

 

6.3.3.2. Farm-type specific affecting factors  

Most of the significant variables for MLR were farm-type specific affecting factors 

(Table 6.4). Variables of financial assets (e.g. HCashCp and HRemitCp) had positive effect 

on mineral fertilizer use for whole population and only one of the three farm types. 

They were type specific affecting factors of second order. HIrrigCp (Natural asset), 

HTraining (Human asset) and HMzeRceCp were also type specific affecting factors of second 

order. HIrrigCp, and HTraining had positive effect while HMzeRceCp had negative effect on 

mineral fertilizer use intensity as expected. Amplitude of variables‘ coefficients was 

larger for farm types than for whole population. Only one farm-type specific affecting 

factor of first order was found: HSrumCp. It appeared statistically significant only for 
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farm-type III and increased mineral fertilizer use intensity. It was not significant for 

whole population. 

The bi-logit regression revealed more farm-type specific affecting factors of first 

order (Figure 6.5). HRemitCp and HTraining were siginificant only for farm-type I and farm-

type II repectively. They increase the chance for the farmer to adopt mineral fertilizer. 

HMzeRceCp was significant for farm-types I and II but with opposite affecting direction 

and amplitude. It increases adoption of mineral fertilizer for farm-type I while reducing 

it for farm-type II. HIrrigCp, HSrumCp and HAniPowCp were all farm-type specific affecting 

factors of second order. In effect, in addition to whole population, they increased the 

chance of adopting mineral fertilizer for only farm-type I and farm-type II respectively. 

Their coefficients were larger for farm-types than for whole population. 

Table 6.5. Binary logistic regressions for factors affecting farmer adoption of 

mineral fertilizer 

 Estimated β coefficients 

Explanatory Variable 
Whole 

population 
Farm type I Farm type II 

Farm type 

III 

Intercept -2.38 -4.91 -1.73 -2.33 

HCashCp
 

1.52E-05*** 3.48E-05** 2.76E-05** 4.78E-05 

HRemitCp -2.89E-05 9.87E-04** -1.03E-04 -8.87E-05 

HMzeRceCp -1.08 6.35** -11.98*** -1.22 

HLegCp 0.34 -4.12 -2.35 -2.19 

HCcotCp 2.03 0.08 2.27 1.70 

HIrrigCp
 

33.99** 72.96** 20.1 15.51 

HSrumCp 0.57** 0.73 1.95** -0.47 

HSize 0.15** 0.3 -0.1 0.25 

HHage -0.01 -0.03 0.04 -0.03 

HHedu 0.09 0.01 -0.07 0.16 

HTraining 0.10 -1.16 1.27* 18.99 

HAniPowCp 2.48* 3.06 16.52* 5.78 

HDistRoad 0.09*** 0.11 -0.05 0.14 

Hosmer and 

Lemeshow test 

χ
2
 13.15 18.07 4.74 4.40 

df 8 8 8 8 

p 0.107 0.021 0.786 0.819 

% correct prediction 73.20 82.20 76.70 79.40 

Area under ROC 0.81 0.88 0.86 0.91 

Note: symbols *, **, and *** indicate statistical significance at 10% (p< 0.1), 5% (p< 0.05), and 

1% (p< 0.01), respectively. 
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6.3.3. Determinants of organic fertilizer adoption  

6.3.3.1. Common affecting factors  

Two common affecting factors associated with organic nutrient adoption in whole 

population were identified (Table 6.6). Remittance income per capita per year (HRemitCp) 

was positively associated to organic nutrient adoption, and Area of maize and rice per 

capita (HMzeRceCp) was negatively associated to organic nutrient adoption. HRemitCp had 

the opposite of expected direction and HMzeRceCp had the expected direction. These 

common variables were not significant for individual farm types.  

Table 6.6. Binary logistic regressions for factors affecting farmer adoption of 

organic fertilizer 

 Estimated β coefficients 

Explanatory Variable 
Whole 

population 

Farm 

type I 

Farm type 

II 

Farm type 

III 

Intercept -1.63 -0.49 -2.71 -2.11 

HCashCp
 

3.12E-06 3.37E-06 4.83E-06 -1.36E-06 

HRemitCp 1.30E-04* 5.47E-05 1.89E-04 2.41E-04 

HMzeRceCp -2.86** -3.65 -0.66 -4.69 

HLegCp 1.65 3.70 -7.36 3.24 

HCcotCp -1.91 -3.26 1.56 -0.58 

HIrrigCp
 

7.63 19.04 -1.10 -47.33 

HSrumCp 0.21 0.46* 0.26 0.77 

HSize 0.10 0.14 0.18 0.11 

HHage -2.00E-03 -0.04 0.01 0.02 

HHedu 0.08 0.16 0.03 0.01 

HTraining 0.13 -0.65 0.78 -0.61 

HAniPowCp 1.12 0.43 8.99* 1.74 

HDistRoad 0.04 0.09* -0.01 0.01 

Hosmer and Lemeshow 

test 

χ
2
 6.18 4.42 4.49 4.5 

df 8 8 8 8 

p 0.627 0.817 0.811 0.809 

% correct prediction 68.4 72.6 72.6 66.7 

Area under ROC 0.68 0.75 0.73 0.75 

Note: symbols *, **, and *** indicate statistical significance at 10% (p< 0.1), 5% (p< 

0.05), and 1% (p< 0.01), respectively. 
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6.3.3.2.Farm-type specific affecting factors  

Number of small ruminants per capita (HSrumCp ) and average distance of the household 

house to the nearest paved road (HDistRoad) were  positively associated with organic 

nutrient adoption for Farm type I. Within this farm type, the chance for farmers to adopt 

organic nutrient increase with endowment in small ruminants (goat and sheep) and 

distance from paved road. In farm-type II, however, adoption of organic nutrient was 

positively associated with animal power per capita (HAniPowCp). The higher the number 

of draught animal the farm possses, the higher the chance of adopting organic nutrient. 

HAniPowCp and HSrumCp had expected effect. 

6.3.4. Determinants of adoption of combined mineral-organic fertilizers  

6.3.4.1.Common affecting factors  

Adoption of combined mineral-organic fertilizer was influenced by three common 

affecting factors (6.7). Two of these factors were significant for whole population and 

had no significant effect on individual farm-types: HCashCp increases adoption of 

combined mineral-organic fertilizer and HMzeRce reduces this adoption in whole 

population. HDistRoad was statistically significant for farm-types I, II and whole 

population. Average distance of household to nearest paved road (HDistRoad) increases 

the chance of adopting combined mineral-organic fertilizer use.  
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Table 6.7. Binary logistic regressions for factors affecting farmer adoption of 

combined mineral-organic fertilizer 

 Estimated β coefficients 

Explanatory Variable Whole population 
Farm type 

I 

Farm type 

II 

Farm type 

III 

Intercept -2.94 -2.37 -2.79 -4.69 

HCashCp
 

6.48E-06* 7.13E-06 6.93E-06 1.22E-05 

HRemitCp 7.61E-05 1.45E-04 3.90E-05 8.48E-05 

HMzeRceCp -2.9* -0.4 -4.05 -3.27 

HLegCp 1.08 -0.51 -1.72 -1.33 

HCcotCp -0.62 -2.06 1.49 -5.19 

HIrrigCp
 

27.25** 45.25* 22.37 12.86 

HSrumCp 0.27 0.48* 0.5 -0.05 

HSize 0.12* 0.22 -2.21E-03 0.29* 

HHage -0.01 -0.06 0.01 -0.02 

HHedu 0.09 0.21 -0.05 0.32* 

HTraining 0.46 -0.99 1.28** -0.26 

HAniPowCp 1.64* 0.87 7.69 2.81* 

HDistRoad 0.11*** 0.14** 0.08 0.14* 

Hosmer and Lemeshow 

test 

χ
2
 3.31 11.68 12.49 4.11 

df 8 8 8 8 

p 0.914 0.166 0.131 0.85 

% correct prediction 77.0 75.3 85.0 79.4 

Area under ROC 0.77 0.81 0.78 0.85 

Note: symbols *, **, and *** indicate statistical significance at 10% (p< 0.1), 5% (p< 

0.05), and 1% (p< 0.01), respectively. 

 

6.3.4.2. Farm-type specific affecting factors  

Farm-type specific affecting factors of first order included HSrumCp, HHEdu, and HTraining. 

They were all likely to increase the chance for farmers to adopt combined mineral-

organic fertilizer use.  HSrumCp was significant for farm-type I. As for HHEdu and HTraining, 

they had a significant effect for farm-type III and farm-type II, respectively. Farm-type 

specific affecting factors of second order involved HIrrigCp, HSize, and HAniPowCp. Increase 

in area of dry season irrigated land per capita (HIrrigCp) significantly increases adoption 

of combined mineral-organic fertilizer use for farm-type I and for whole population. 

The effect on adoption had lowest amplitude for whole population compared to farm-

type I. The chance of adopting combined mineral-organic fertilizer use augmented with 
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household size (HSize) for farm-type III and for whole population. The amplitude of the 

effect was highest for farm-type III. As for HAniPowCp, it affects positively the adoption 

of combined mineral-organic fertilizer use by farm-type III and by Whole population. 

The amplitude of the effect was lowest for whole population. 

6.3.5. Discussions  

6.3.5.1. Contextualization of main findings to other research 

Identifying and understanding factors affecting adoption and use of fertilizer in a region 

is crucial for improving sustainable soil nutrient management in that particular region. 

In using a set of thirteen socio-economic and ecological independent variables it was 

found results consitent with findings of past studies. Farm financial assets play a 

significant role in soil nutrient management as noted by Nkamleu (2007), Sanni and 

Doppler (2007), Marenya and Barrett (2007), Amekawa (2013), and Martey et 

al.,(2014). Indeed, it was found that farm income components cash income (HCashCp) 

and remittance received per capita (HRemitCp) augment the use intensity (Table 6.4) and 

adoption of mineral (Table 6.5) and organic nutrient by farms (Table 6.6). In a study 

conducted in another region of Burkina Faso, Somda et al (2002) observed that farm 

income significantly augment adoption of organic fertilizer. However, and like in this 

study, they pointed out that animal power (HAniPow) and training (HTraining) have no 

significant effect on organic fertilizer adoption (Table 6.6). This suggests that income 

generation constitutes the main entry for interventions aiming at improving organic 

fertilizer adoption. 

The present study also revealed that dry season irrigation land per capita (HIrrigCp) had a 

significant effect on mineral fertilizer use (Table 6.4) and adoption (Table 6.5), and on 

combined mineral-organic fertilizer adoption (Table 6.7). In rural areas where off-farm 
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activity opportunities are often limited, dry season irrigation is a valuable source of 

income that could be invested in purchasing mineral fertilizer. This shows that adoption 

and use of mineral fertilizer can be increased by policy interventions promoting dry 

season irrigation as noted by Yilma and Berger (2006). Not surprisingly, Training 

(HTraining) increases mineral fertilizer use and adoption (Table 6.4; Table 6.5). This is 

consistent with findings of Martey et al. (2014) who highlighted that proximity with 

extension services improves adoption of mineral fertilizer. Distance from paved road 

(HDistRoad) increased the use and adoption of mineral and organic fertilizers (Table 6.4, 

Table 6.5; Table 6.6 and Table 6.7). As showed by Vu et al. (2014b), distance to road 

increases land degradation extent and thereby compels farmers to use more fertilizer. 

This effect of HDistRoad can also be seen as a sign of the declining importance of 

distribution constraints on fertilizer use through increased fertilizer retail outlets 

availability in rural areas (Freeman and Omiti, 2003). The positive effect of animal 

power (HAniPowerCp) on mineral nutrient use intensity (Table 6.4), as well as its positive 

influence with small ruminant number (HSRumCp) on mineral fertilizer adoption (Kassie 

et al., 2013) demonstrate the beneficial interrelationship between livestock and cropping 

activities (Kristjanson et al., 2005; Marenya and Barrett, 2007). The integration of 

livestock-agriculture needs, therefore, to be boosted for a better soil nutrient 

management.  

Studies use to consider a uniform affecting pattern when analysing adoption and 

use of fertilizers. The present study on the contrary considered that due to differences in 

socio-economic and ecological characteristics, farmers/farms are not affected in the 

same way by determinants of fertilizer use and adoption. Beside common affecting 

factors, type specific factors were found that affected only specific farm types, with 

different amplitude or with different directions. In other words parameters of 
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independent variables (β) varied across socio ecological farm types. It demonstrated 

importance of considering farm types rather than whole population only when analyzing 

soil nutrient management. Considering the whole population only can be misleading 

and cause the failure or inefficient policies and intervention measures.  

6.3.5.2. New methodological features of the present study  

Although the benefits of combined use of mineral and organic fertilizers have been 

recognized (e.g., reduction  of N losses (Neeteson, 1993); organic matter (Palm et al., 

1996; Vanlauwe and Giller, 2006; Ding et al., 2012; Körschens et al., 2012); nutrient 

cycling in the system (Mkhabela and Materechera, 2003), long term soil fertility 

improvement (Mkhabela and Materechera, 2003), increase in soil productivity (Parr and 

Colacicco, 1987); generate better yields than sole use of mineral fertilizers (Mucheru-

Muna et al., 2007; Ding et al., 2012; Kearney et al., 2012; Kismányoky and Tóth, 

2012)), it is hard to find published work analyzing factors affecting the adoption of 

these combinational uses. 

Also, in this study responsive/behavior/preference parameters (betas) are analyzed 

in specific to different farm/household types rather than uniform/constant to the whole 

population. This way of analysis allowed the capture of responsive heterogeneity. The 

study demonstrated the relationship between structural and functional typologies and 

the importance in considering both of them in regional farming system studies. In 

addition, the results can provide an empirical framework for scaling-out studies. 

Responsive heterogeneity has been considered in land use choice analyses (e.g., Le 

(2005)), but in only a few of mineral adoption analysis (Vu et al., 2014a). However, Vu 

et al., (2014a) worked in Vietnam where the background of fertilizer uses and the socio-

ecological conditions are very different from Burkina Faso.  
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6.3.5.3.Limitations of the study 

Despite interesting results the study presents some limitations. First, the study used only 

MLR and bi-logit. It is important to also use also a multinomial logit to explore the 

responsive heterogeneity, to analyze marginal effects of variables. Secondly, the 

responsive heterogeneity could also be examined using non-parametric methods like 

Participatory Rural Appraisal tools (PRA), decision tree analysis, which can allow 

capture effect of factors having less variation in  sampled data (e.g. climate, prices). 

6.4. Conclusion 

Soil degradation is an increasing issue contributing to food insecurity in Sub-Sahara 

African countries despite numerous policy interventions to improve the situation. The 

present study used an empirically defined rural livelihood-based typology to analyze 

fertilizer use/adoption behavior of different smallholder farming systems. The 

determinants of adoption and use of mineral, organic, and combined mineral-organic 

nutrient were analyzed. The results showed that these determinants do not affect use and 

adoption of fertilizer in a uniform way.  Besides common determinants in all farm 

types, the results revealed type-specific determinants and behavior of fertilizer use and 

adoption. The study showed that effective policy interventions promoting adoption of 

sustainable soil nutrient management (SNM) practices need to be appropriate per 

farming system type. Rather than uniform interventions, decision makers should 

distinguish between farming system types using relevant socio-ecological criteria in 

designing policies to promote sustainable soil nutrient management. Interventions 

schemes need to be revised to have a better impact and to be more efficient.  
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7. SMALLHOLDER FARMS’ NUTRIENT BALANCES AND 

ECONOMIC PERFORMANCE 

7.1. Introduction 

Quite a number of studies have drawn attention on imbalance soil nutrient in many sub-

Saharan Africa countries as a result of inadequate soil nutrient management practices 

and nutrient mining (Smaling et al., 1993; Stoorvogel et al., 1993; Harris, 1998; 

Bekunda and Manzi, 2003; Esilaba et al., 2005; Haileslassie et al., 2005; Haileslassie et 

al., 2007). These studies revealed relatively strong negative soil nutrient balances in 

many cases. In Burkina Faso in particular, Bationo et al., (1998) aggregating values of 

different cropping systems from Stoorvogel and Smaling(1990) found -14 N kg/ha/year, 

-2 P kg/ha/year and -10 K kg/ha/year for the year 1983-1984. Still in Burkina Faso, 

Henao and Baanante (1999) reported  nutrient balances of -27.6 N kg/ha/year, -9.8 P 

kg/ha and -24.2 K kg/ha in 1993-1995, unveiling a worsening of soil health in the 

country. Given these deficiencies and for countries permanently stricken by food 

insecurity, improved nutrient management is one of the keys to improving food 

production and security in Sub-Saharan Africa (Vitousek et al., 1997; Vlek et al., 1997; 

Mueller et al., 2012). 

A few of previous studies have distinguished farm nutrient balance for different 

farms based on farming systems (Haileslassie et al., 2006) or farm wealth (Zingore et 

al., 2007). However many nutrient balance studies did not do so (Stoorvogel and 

Smaling, 1990; Van der Pol, 1992; van der Pol and Traore, 1993; Harris, 1998; 

Zougmoré et al., 2004b; Haileslassie et al., 2005). To improve the understanding of 

potential soil degradation and for sustainable farm design options, nutrient balance 
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studies distinguishing different farm types still need to be carried out in Sub-Saharan 

Africa and, particularly, in West Africa.  

In addition, soil component's nutrient balance is crucial but not often addressed in 

many farm nutrient balance studies (Cobo et al., 2010). Land degradation is the most 

serious threat to food production (Bationo et al., 2006) and more investigation on farm 

soil nutrient balance is required to improve soils productive capacity.  

Moreover, given many farm nutrient balance studies done in Sub-Saharan Africa, 

relationship between soil and farm nutrient balances (environmental performance) and 

farming profitability (economic performance) is still poorly investigated. 

The goal of this study is therefore to analyze soil and farm nutrient balances in the 

context of climate change and their correlation to farm activities profitability. It pursued 

four specific objectives: 

- To analyse whole farm nutrient balance of five different socio-ecological farm 

types previously identified in Ioba province; 

- To analyse soil subcomponent nutrient balance of different farm types; 

- To study relationship between soil nutrient balance and farming profitability 

- To discuss scenarios for filling observed soil nutrient gaps 

7.2. Methods 

7.2.1. Metrics for evaluating farm economic performance 

In order to evaluate economic performance, a set of indicators were computed using the 

monitoring data. The net farm income for all activities and farm earnings per capita 

were computed as in Equation 7.1 and Equation 7.2. Farm’ crop gross margins were 

computed per household capita, per unit of cultivated land and per unit of invested 

labour-day in cropping activities (Equation 7.3 – Equation 7.5). The return to farm 
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investment was evaluated through return to land, return to capital and return to invested 

family labour-days (Equation 7.6 - Equation 7.8).  

Net farm income = Total crop gross margin + Total livestock gross margin + Total 

redistribution units gross margins + Trade bonus – Fix cost             Equation 7.1 

Net farm income + Off-farm income
Farm earnings = 

Household size
             Equation 7.2 

Total crop gross margin
Crop gross margin per area  

Total cultivated area
             Equation 7.3 

Total crop gross margin
Crop gross margin per capita = 

Household size
             Equation 7.4 

Total crop gross margin + cost hired labour
Crop gross margin per labour day = 

Family labour + Communal labour +Hired labour
 

                    Equation 7.5 

Net farm income - ValFarmLabCrop - Partial capital cost
Re turn to land = 

Area owned land
        

                    Equation 7.6 

Net farm income - ValFarmLabAll - Land cost
Re turn to capita = *100

Partial Capital Value
   Equation 7.7 

Net farm income - Partial capital cost - Land cost
Re turn to labour = 

Family labour
       Equation 7.8 

With Trade Bonus = Correction for income based on differences of average prices and 

received/paid prices; ValFamLabCrop = Value of family labour for cropping and 

ValFarmLabAll = Value of all family labour used for farming 

7.2.2. Relational nutrient balance - economic performance analysis  

The relational soil nutrient balance-economic performance was investigated to provide 

better understanding of soil nutrient balance and the way the farm is performing 

economically. These diagrams also aimed at evaluating trade-offs or synergies between 

farm environmental performance (soil nutrient balance) and economic outcome. To this 
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end two dimensional diagrams of farm economic performance indices versus soil 

nutrient balance were plotted for the five farm types.  

7.3. Results 

7.3.1. Whole farm nutrient balance  

The whole farm partial nutrient balance and the whole farm full nutrient balance were 

calculated for every monitored farm. The balances were averaged per farm type. The 

partial nutrient balances (Figure 7.1(b)) were positive for all farm types and for all 

nutrients except potassium for farm type I. The negative partial potassium balance of 

farm-type I (-4.47 kg/ha/year) is related to a poor management of potassium resources. 

Though positive for farm-types II, III and V, the partial potassium balance remains low 

for these farm types. Only farm-type IV had an acceptable partial potassium balance. It 

can be seen as a better potassium resource manager while farm-types II, III and V are 

bad managers and farm-type I the worst. Better off-farms (farm-types I and II) and 

middle class farm type (farm-type IV) had close values for partial phosphorus balance 

and partial nitrogen balance. The less endowed farm-types (III and V) had the lowest 

values.  Considering the set of the three nutrients, farm-type III has lowest partial 

nutrient balance performance. Farm type II appeared to be a better manager of N and P. 

Farm type IV a middle class manager for all nutrients. 

 The whole farm full nutrient balance results showed heterogeneity among farm 

types. The potassium full balance is negative for farm type I, II and IV (Figure 7.1 (a)). 

It is positive but close to zero for the less endowed farm types with 0.71 P kg/ha/year 

and 0.76 P kg/ha/year for farm-type III and farm-type V respectively. Compared to the 

partial nutrient balance a dramatic drop of nitrogen was observed for farm types I, II 

and IV. This could be due to important loss through erosion or burning which are 
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important source of nutrient depletion. Low variation of full phosphorus balance was 

observed between better-off farm types (I, II and IV). Full phosphorus balance was 

globally higher with better off farm than with less endowed farm types.  

 

Figure 7.1. Nutrient balances of five study farm types: (a) whole farm balance, (b) 

partial balance, and (c) soil component's balance. 
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7.3.2. Soil nutrient stock and soil nutrient balance 

The calculation of total soil nutrient stock at 30 cm depth (Figure 7.2) showed close 

total N stock values for farm-type I (6010 N kg/ha), farm-type IV (5970 N kg/ha) and 

farm-type V (5600 N kg/ha). Farm types III and II had the lowest total N and total K 

stocks with farm-type III having almost twice (3670 N kg/ha and 6540 K kg/ha) the 

stocks of farm-type II (1700 N kg/ha and 2610 K kg/ha). Farm-type V had the highest 

total K stock (11470 K kg/ha) followed by farm-type IV (8210 K kg/ha) and farm-type I 

(7480 K kg/ha). Soil total potassium stock was low for all the farm types with not much 

variability apart from farm-type II, which had less than half of P stock of the other farm 

types. Low P stock reflects the phosphorus deficiency of tropical soils in general 

(Lompo, 2007) and of  Burkina Faso soils in particular (Sédogo, 1993; Ouattara, 2007; 

Coulibaly, 2012). Farm-type II had the lowest nutrient stock for the three nutrients (e.g. 

N, P, and K). Soil fertility management contributes for a great part in determining soil 

nutrient stock. The farm-type II was identified (see chapter 4) as applying the least 

amount of nutrients (organic and inorganic) among the five farm types. When relating 

to soil nutrient stock (Table 7.1.), only farm-type II losses more than 1% of nutrient 

stock per year. 
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Figure 7.2 Nutrient stock of topsoil (0 - 30 cm depth) 
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 The soil nutrient balance showed large negative balance across farm types 

(Fig.7.1(c)). Soil phosphorus balance is negative for farm types III and IV (-1.16 P 

kg/ha/year and -0.61 P kg/ha/year, respectively) almost zero for farm-type I (0.17 P 

kg/ha/year). It is slightly above zero for farm types II (3.15 P kg/ha/year) and V (2.65 P 

kg/ha/year). For N and K, the soil balances are strongly negative for farm-type I and 

farm-type IV, fairly for farm-type II and less for farm-type III and farm-type V. This 

suggests that less endowed farm-types have better soil N and K balances than better-off 

and middle class farm-type.  

Table 7.1. Corresponding percent of yearly soil nutrient loss in soil nutrient stock 

Farm type 
Percent of soil nutrient stock 

Nitrogen Phosphorus Potassium  

I 0.67 0.00 0.61 

II 1.21 00.00 1.25 

III 0.49 0.10 0.16 

IV 0.63 0.05 0.44 

V 0.23 00.00 0.10 

 

7.3.3. Soil balance versus economic performances of farm types 

Farm-types economics performances were computed (Table 7.2), and relationships with 

soil nutrient balance explored using diagrams. In Figure 7.3(a)-(c) farm cropping 

margin per area was plotted against soil nutrient balance. It showed two cases for N and 

K. Case A: negative soil nutrient balance and low margin. Farm-types II, III and V 

were found in this case. Case B corresponds to negative soil nutrient balance but better 

margin:  farm-types IV and I were in this case with margins of 234069 FCFA/ha/year 

and 203705 FCFA/ha/year respectively. As for P, four cases were observed. Farm-type 

III was again in Case A like for N and K. Farm IV also was again in Case B like for N 

and K. Farm-types II and V were in Case C: positive soil nutrient balance but low 

performance. As for farm-type I, it was in Case D: positive soil nutrient balance and 
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better performance. Crop margin per labour-day was computed to evaluate 

remuneration of the total invested labour days for cropping (family, communal and 

hired labour). For this indicator (Figure 7.3(d)-(f)) and for N and K, farm-type III was 

found with farm-types I and IV in the Case B. Farm-types V and II remained in  Case 

A.  For phosphorus, Case B comprised farm types III and IV while farm type I was in 

Case C and farm-types V and II in Case D.  In Figure 7.3 (g)-(i) crop margins per capita 

were plotted against soil nutrient balance, and compared to Burkina Faso national 

poverty. All farm-types had crop margin per capita below poverty line. In reference to 

the poverty line all farm-types were situated in Case A for N and K. Two cases were 

observed for P: farm-types III and IV were in Case A and farm-types I, II and V were in 

case C. 

 

Table 7.2. Farm economic performance indicators 

Farm 
type 

Net  
farm 

income 

(10
3
 

FCFA/ 

year) 

Farm 
Earning

s 

(10
3
 

FCFA 

/pers 

/year) 

Crop  
gross 

Margi

n 
 Per 

capita  

(10
3
 

FCFA 

/pers./

year) 

Crops  
gross 

margin 

per area 
 (10

3
 

FCFA 

/ha/year
) 

Crops  
gross 

margi

n per 
labour 

day  

(10
3
 

FCFA 

/day) 

Return  
to 

land (10
3
 

FCFA 
/ha/year) 

Return 
 to 

capital 

(%) 

Return  
to 

labour (10
3
 

FCFA 
/ day) 

I 814.6 161.7 99.3 203.7 3.80 132.9 82 2.65 

II 364.0 81.4 35.1 139.4 1.74 84.7 13 0.63 

III 506.8 98.9 88.6 140.7 3.25 94.2 176 2.38 

IV 469.0 103.1 55.7 234.1 2.91 77.6 53 1.37 

V 674.1 296.3 63.3 109.2 2.17 62.0 95 1.63 
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Figure 7.3. Distribution of study farm types over cropping margin and soil 

nutrient balance.  

Notes: Horizontal red lines indicate the official poverty line in Burkina Faso on the 

basis of 108454 FCFA/capita/year (INSD, 2010), i.e., 217 USD/capita/year. Vertical 

red lines indicate zero net nutrient loss. 
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Examination of the return to farm investment showed that the outstanding farm 

types were farm-type I for  return to land (Figure 7.4(a)-(c)), farm-types I and III for 

return to labour (Figure 7.4(d)-(f)), and farm-type III for return to capital with more 

than 100% (Figure 7.4(g)-(i)). This placed in Case B, farm-type I for return to land, 

farm-type III for return to capital and both farm-type I and farm type III for return to 

labour, for nutrients N and K. Still for N and K, the following farm-types were found in 

Case A: farm-types II-V for return to land, farm-type II, IV and V for return to labour 

and farm-types I, II, IV and V for return to capital. As for P, Case A involved farm-

types III and IV for return to land, only farm-type IV for return to labour and return to 

capital. Case C involved farm-types II and V for the three indices of return to 

investment. Farm-type I was in Case D for return to land and return to labour, but for 

return to capital it was farm-type III. 

Farm-types I and V showed best performances for farm earnings per capita 

(Figure 7.5). This indicator accounted for all farm (cropping and livestock) and off-farm 

earning. Only farm-types I and V earned a net income above poverty line. They were 

found in Case A for N and K. For P, they were in Case D. The three other farm types 

were in Case A for N and K, but farm-types III and IV were found in Case B and farm-

type II in Case C. 
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Figure 7.4. Distribution of study farm types over return to investment and soil 

nutrient balance.  

Note: Vertical red lines indicate zero net nutrient loss. 
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Figure 7.5. Distribution of study farm types over farm annual earnings and soil 

nutrient balance. 

Notes: Horizontal red lines indicate the official poverty line in Burkina Faso on the 

basis of 108454 FCFA/capita/year (INSD, 2010), i.e., 217 USD/capita/year. Vertical 

red lines indicate zero net nutrient loss. 

 

7.3.4. Soil nutrient management scenarios in Ioba province 

Business as usual (BAU): This scenario represents the actual soil nutrient management 

pattern in Ioba province. This actual soil management is characterized by heterogeneous 

soil nutrient balance performances across socio ecological farm types. Soil nutrient 

balances are globally large with wealthy farm types being the farms depleting the most 

soil nutrients. Main sources of nutrient supply are mineral fertilizers and compost 

according to farm types. The strongest causes of soil nutrient depletion are harvested 

crops, crop residues removal through livestock grazing, on-field burning and domestic 

use (e.g. fuel, fencing). If farmers continue with BAU, the farming systems of the 

region already afflicted by current management practices will be critical in a short 

future.  

Intensification of mineral fertilizer use (IMF): Strong nutrient depletion 

observed in BAU need to be addressed by taking strong actions to restore soil fertility. 

The IMF scenario considers that farmers are choosing to intensify the use of mineral 

fertilizer to quickly balance soil budget. This scenario requires less or more important 
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investment for acquiring mineral fertilizer according to the nutrient balance 

performance. 

Recycling crop residues (RCR): Given the actual rate of exploitation of non-

renewable nutrients like potassium and phosphorus, recycling crop residues is required 

for facing the increasing demand of crop products (Vlek et al., 1997). In BAU, crop 

residues removal is, with crop harvest, the main sources of nutrient depletion. It is 

grazed, burnt on field or used as fuel or fencing. The reuse of the residues can play an 

important role in soil nutrient replenishment. It is however subject to trade-offs since it 

is used for feeding livestock which is an important component of the farming system. 

Beyond fertility dimension, recycling crop residues rather than burning it is a good way 

of reducing emission of greenhouse gases which is an important strategy for mitigating 

greenhouse effect (Lal, 2005). 

Integration livestock-agriculture (ILA): ILA is an integrated scenario 

recognising the importance of livestock in smallholder farming system. It then focuses 

on farm management options placing livestock in the front of soil nutrient 

replenishment. It is stressing on livestock and cropping activities complementarities and 

synergies for balancing soil nutrient and building sustainable farming system.  

7.4. Discussions 

7.4.1. Farm heterogeneity affecting farm nutrient balance performance 

Whole farm level partial nutrient balance relates to management (Haileslassie et al., 

2006) as it accounts for flows mainly driven by management options decided by the 

farmer. The fact that farm-type I had negative partial balance (Figure 7.1.a) can be 

explained by exportation of raw cotton and crop residues burned or exported. Farm-type 

V produced less cotton and therefore exported less cotton compared to farm-type I. 
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Market crop-based farms tend to have negative farm level partial balance for some 

nutrient like potassium. Whole farm partial balance for N and P were better for better 

endowed farm types reflecting their ability to resort to the use of mineral or organic 

fertilizer compared to financially constrained and labour-less farm types. Better 

educated farm-type was able to maintain fairly high balance for the set of the three 

nutrients. This suggests the importance of education in having a better performing soil 

nutrient management system. Also subsistence agriculture plays a role in limiting 

exportation of some nutrients as it is the case of farm-type II for N. Farm type II, off-

farm activities based practice cropping mainly for subsistence purpose (see chapter 4) 

with less crop selling. The farm full nutrient balance also showed disparities across 

farm-type. Flows like leaching, gaseous loss, erosion and human excreta led to a lower 

or more negative full nutrient balance. Poor farms tend to have lower farm full nutrient 

performances. However, as observed by De Jager et al.,(1998a) in Kenya, strongly 

market oriented farm-types had more negative potassium 

7.4.2. Implication of soil nutrient balance for farming sustainability 

Observed heterogeneity in soil nutrient stock was supposed to be due to inherent soil 

fertility, terrain characteristics, soil nutrient management practices and land use. Like 

for whole farm partial and full nutrient balances, disparities were also observed between 

farm-types for soil nutrient balance. Though no large nutrients losses were found for 

farm types, phosphorus is a concern for crop production in the region due to soil being 

inherently poor in phosphorus. Compared to previous studies in Burkina Faso 

(Stoorvogel and Smaling, 1990; Bationo et al., 1998; Henao and Baanante, 1999), the 

study results revealed increasing soil nutrient loss for nitrogen and phosphorus. This 

suggests aggravation of soil nutrient balance in the country throughout the years. Better 

endowed and on-farm based farms were subjected to large nutrient loss as observed for 
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farm-type I and IV. Relating nutrient losses to soil nutrient stock showed that farm-type 

II lost more than 1% of soil total N and total K stock.  

Apart from farm-type V, all the other farm-types had a loss of more than or close 

to 0.5% total N and total K stock. According to Hilhorst et al., (2000) a farming system 

quickly becomes unsustainable when nutrient loss accounts for more than 1% of the 

active pool. Unavailable nutrient pool to plant reaches 80-90% of soil total nutrient 

stock (Hilhorst et al., 2000). It can, therefore, be assumed for this study that observed 

nutrient loss per year (negative balances) accounted for more than 1% of available 

nutrient stock. This means most of the studied farm-types may be unsustainable in the 

medium and long term.  

7.4.3. Linkages between soil nutrient balance and farming profitability 

Analysis of farm crop margin per area in relation to soil nutrient balance showed that 

farm-type I and farm-type IV had the best crop margin performances. These farm types 

were also farms with largest soil nutrient depletion (N and K). They correspond to best-

off, on farm-based farm-type, and middle class, on-farm based farm-type. Van der Pol 

(1992) attributed the high income of many farms in northern Mali to soil nutrient 

mining. Our study showed that the actual cropping profitability of some farms comes 

from soil nutrient mining. These farms are placed in Case B corresponding to negative 

soil nutrient balance but with better margin. In this case immediate economic profit is 

rendered possible thanks to the relatively important nutrient stock. However, as soil 

nutrient stock will become depleted in the long term, farms will lose their profitability 

and the case will become problematic. Case B is an example of unsustainable farming 

system in the long term. Less endowed farm types and off-farm based farm-type had 

lower crop margin per area and found themselves in case A (Figure 7.3.a-c), which is a 

situation of negative nutrient balance and low profit. Case A corresponds to a situation 
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where farmers find themselves in poverty trap with very limited financial access to 

mineral fertilizer even in the presence of fertilizer subsidies.  

The performances of farm types varied according to the considered economic 

indicator. Farm-type III (labour constrained), farm-type I and farm-type IV (better 

endowed in labour, and with better margin per area) had the best crop margin per labour 

(Figure 7.3.d-f). This means that labour constraint pushes farms to use the available 

labour more efficiently. When considering the crop margin per capita, none of the farm 

type was able to draw from cropping activities only a margin higher than poverty line. 

However, for the farm earnings (including margins from cropping, livestock and off-

farm activities), only farm-type I and V were situated above the poverty line (Figure 

7.5.a-c). For farm-types II, III and IV, these results revealed insufficient integration of 

livestock-crops that should offer benefits for both activities. 

Analysis of the return to investment showed that better-off farm type (farm type I) 

valued better land resource while the pro-poor farm type (farm-type III) valued better 

the capital (Figure 7.4.g-i). This can be explained by the fact that pro-poor farm type 

was less equipped, and most of the cropping was done manually. Since land was not 

hired, the main production capital in the study region was farming equipment. The 

performance of pro-poor farm-type III, which had the highest return to labour with 

better-off farm type I (Figure 7.4.d-f) showed the ability of labour and financially 

constrained farms to efficiently use the available labour.  

It is worth noting that the year of the study had the lowest rainfall of the last ten 

year. On one hand this has certainly been a factor that greatly influenced crop 

productivity. On other hand, in the absence of a long term study, a study in this 

particular year of rainfall also helped to appreciate capability of farms to withstand 

climatic shocks. Therefore farm-types with better economic performances can be seen 
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as farms capable of better resisting to rainfall drop. Then farm-types I and V appear to 

be resisting the better. 

The study showed the great influence of soil nutrient balance on farm economic 

performance. An improvement of soil nutrient balance, through better nutrient 

management, will help improve farm situation. Therefore, farms in case A “negative 

soil nutrient balance and low margin”, though some of these farm-types may be labour 

constrained, need to (i) better integrate livestock and agriculture to benefit from 

advantages of this integration; (ii) use affordable erosion control measures like grass 

strip or cover crops; (iii) recycle crop residue by piling up crop residues and keeping the 

heap over one or two years when labour availability is limited for classic composting 

operation. Farms in case B “negative soil nutrient balance but with better margin” 

need: (i) to consistently implement technologies reducing soil erosion as none of the 

monitored farms did so; (ii) to reduce nutrient gaps by recycling crop residues 

(composting) to avoid nutrient losses through exportation and burning. As noted by 

Vlek et al. (1997), recycling locally available resources is required to close soil nutrient 

gaps in Sub Saharan Africa where access to mineral fertilizer is very limited. Also (iii) 

the combine use of mineral-organic fertilizers is needed as compost improves soil 

organic matter and physical properties, improving thereby soil resistance to erosion. 

Many researches showed that the combined use of mineral-organic fertilizers has more 

benefit than mineral fertilizer alone (Neeteson, 1993; Mucheru-Muna et al., 2007; Ding 

et al., 2012; Kearney et al., 2012; Kismányoky and Tóth, 2012). Case C “positive soil 

nutrient balance but low performance”, that could be early stage of organic farming or 

inadequate marketing is observed for farm-types V and II for phosphorus only. Since 

the main source of soil P inflow was inorganic for both farm-types, Case C can be seen 

as a case of inadequate marketing. Usually after harvest in October-November, many 
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farms use to sell their crops at a moment of high offer on the market but with low 

prices. Prices are higher late in the year or during food shortage periods. These farms 

will profit from a better organization crops market. Still for phosphorus, the position of 

farm-type I in Case D “positive soil nutrient balance and better performance” is 

debatable since its soil phosphorus balance is nearly zero. Further studies on farm-type I 

are needed to better apprehend its situation. 

7.4.4. Implications of the use of IMF for balancing soil nutrients 

The Table 7.3 shows the required investment for balancing soil nutrient under the 

scenario IMF. Globally, farms will have to make big investment in acquiring fertilizer. 

The required amount of NPK complex corresponds to 7 bags of 50 kg /ha for the 

highest demand (Farm type I) and 2 bags of 50 kg/ha for the lowest demand (Farm type 

V). In total absence of fertilizer subsidy, it implies the use of at least 36 % of the farm 

crop gross margin per hectare. The investment to fill soil nutrient gap can claim up to 

around 72% in the case of farm-type II. Even under the ongoing fertilizer subsidy 

programme (around 32% of market price), the cost for replenishing soil nutrient at 

equilibrium is still high: 24.72-48.41% of crop gross margin. Therefore, bringing soil 

nutrient balance from BAU to zero soil nutrient loss through IMF scenario is costly for 

farmers already suffering from poverty. Off-activities revenues may be of help to 

farmers. However this supposes farmers are able to draw high enough income from off-

farm activities and have not severe nutrient gaps. Estimations showed that only farm-

type V will invest less than 10% (e.g 7.45%) of its annual earnings for filling soil 

nutrient gaps in the absence of subsidy. The percentage drops at 5% when considering 

the actual subsidy programme. Farm-type V will be the only farm-type able to maintain 

itself above the poverty line after investing the necessary financial resources for 

balancing soil nutrient. Farm-type I which was above the poverty line with farm-type V 
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will drop under poverty line by making the necessary investment to fill nutrient gaps. 

The other farm type will get their poverty status worsen due to such investment.  These 

results, beyond the alarming nature of soil nutrient depletion, indicate how deep farms 

live in a poverty trap nutrient mining-poverty.  Smallholder farming system is heading 

toward a problematic situation from which it will be extremely difficult to recover. 

Table 7.3 Required fertilizer investment for balancing soil nutrient in IMF 

Scenario 

Farm 

type 

Per unit of cultivated land (ha)  At farm level 

Amount 

of NPK 

complex* 

(50 kg 

bag) 

Equivalent share in 

crop margin (%) 

 

Amount of 

NPK 

complex* 

(50 kg 

bag) 

Equivalent share 

in crop margin (%) 

With no 

subsidy 

With 

32.5% 

subsidy 

With no 

subsidy 

With 

32.5% 

subsidy 

I 7.00 68.73 46.39 24.00 43.15 29.12 

II 5.00 71.72 48.41 11.00 35.16 23.73 

III 3.00 42.64 28.78 10.00 37.96 25.62 

IV 5.50 46.99 31.72 13.00 30.28 20.44 

V 2.00 36.62 24.72 11.00 7.45 5.03 

Note: * NPK complex: 14N-23P-14K 

 

7.4.5. Implication of RCR scenario for improving soil nutrient balance 

Given the huge investment required for filling soil nutrient gaps, farmers can value on-

farm organic resources. In most smallholder farms crop residues are not given enough 

importance due to lack of understanding of the role these residues can play in restoring 

and maintaining soil fertility. The present scenario RCR evaluates the effect of fully 

recycling crop residues on farm soil nutrient gaps severity. Figure 7.6 shows what the 

soil nutrient balance performances of the different farm types will be if they entirely 

recycle crop residues. The scenario supposes no competition with livestock or domestic 

uses like fuel or fencing.   
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Figure 7.6. Soil nutrient balance performance for different scenarios 

 

None of the farm types was able to fill soil nutrient gaps. Soil nutrient balances 

were less severe than in BAU scenario. Farmers will still rely on soil stock for almost 

all nutrients. Recycling crop residues however can play a valuable role in farm soil 

nutrient management. Soil nitrogen balance could be improved by 40-90% while 

(a)-BAU 

(b)-RCR 

(c)-ILA 
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potassium balance could be improved by 47 to 95%. This improvement will be more 

important for less endowed farms (farm-type V and III).  This can be explained by soil 

nutrient stock and the type of cultivated crops. 

7.4.6. Implication of ILA scenario for improving soil nutrient balance 

Livestock plays a crucial role in smallholder farming by serving as investment of 

margins from cropping activities or of revenue drawn from farm activities. It is also a 

source of nutrient true dejection from outside grazing. However, there is poor 

integration of livestock-crop. Therefore farms are losing opportunity to boost their farm 

soil fertility and improve livestock productivity. This scenario ILA illustrates a 

management option implicating livestock. Part of crop residue is used for livestock 

feeding. The rest is either used for other purposes on farm or exported outside the farm 

for other needs. As shown in Figure 7.6, farms presented lower soil nutrient 

performances compared to RCR scenario. However soil nutrient balances are less large 

than in the case of BAU. Some imperceptible aspect in this scenario is its effect on 

livestock productivity which will undoubtedly improve. Soil nutrient performance in 

this scenario can be improved by implementing soil erosion control measures like stone 

bunds and grass strips. These measures have been proven to be efficient in preserving 

and restoring soil fertility (Zougmoré et al., 2004a; Doamba et al., 2011).  

7.4.7. Limitation of the study  

The main limitation of the study was the period of study. The use of one year does not 

allow understanding of dynamic processes. Monitoring over many years would allow 

better capturing the dynamic of soil nutrient balance for the different farm types over 

time and have a better estimation of the share soil nutrient stock being depleted 
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annually. This would also help evaluate nutrient balance and economic performance 

under different rainfall level, for example for a particular year of abundant rains. 

7.5. Conclusion 

Soil fertility is a big concern in the smallholder farming system, and moreover under the 

threat of climate change. This study investigated soil nutrient balances of different farm 

types, their linkage with farm economic performances, and thereby discussed scenarios 

for replenishing soil nutrient in smallholder farms. Soil nutrient (N, P and K) balances 

were computed at farm level and soil sub-compartment for typical smallholder farms. 

Result showed that soil nutrient balances in Ioba province are alarming. Farms lose up 

to 40.3 N kg/ha/year, -1.7 P kg/ha/year and 45.8 K kg/ha/year. The study also found that 

farm heterogeneity influences greatly nutrient balances as well as agronomic and 

economic performance. The Better-off, cotton-and livestock-based farm type (fam-type 

I) and Medium income, labour-rich, marketable food crop oriented and educated farms 

(farm-type IV) drew the best margins per unit of cropped land. By analysing the 

relationship between soil nutrient balance and farm economic performances, the study 

identified two main cases in the study region: (1) farms with ’negative soil nutrient 

balance and low margin’, and (2) farms with ’negative soil nutrient balance and better 

margin.’ The first case faces the convergent problems of depleted soil resource, poor 

productivity and profitability. The second case is currently profitable but will become 

problematic as soon as the negative soil nutrient balance trend depicts nutrient stock 

depletion in near future. Balancing soil nutrient with only mineral fertilizers is likely 

unaffordable as the current fertilizer uses are not efficient with high rates of net soil 

nutrient loss. In this scenario, the necessary amount of fertilizer will cost up to 72% of 

crop marginal revenue drawn per hectare. If crop residues are fully recycled, soil 
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nutrient balance will be improved by 40-90%. Policy interventions and farm design 

should focus on the subsidiary linkages between livestock and crop production. 
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8. CONCLUSION AND RECOMMENDATIONS 

Climate change poses a big challenge to livelihoods of Sub Saharan African populations 

who rely largely on rainfed farming. In the 2014 IPCC report, Olsson et al.,(2014) 

highlighted that climate change will jeopardize sustainable development. Climate 

change in disrupting farm nutrient cycles will deepen soil nutrient depletion issue, 

which is already alarming in many smallholder farming systems. Unless adaptive and 

resilient farming systems are designed, food security and poverty in Sub Saharan Africa 

will worsen. Below et al., (2010) stressed that adaptation is highly context sensitive. 

Beyond the environmental context it requires considering the livelihood assets 

endowment and strategies of farms (e.g. Land, financial resources, skills and 

technologies) in a holistic way. Therefore to support building resilient farming systems, 

there is the need to better understand smallholder farms behaviour giving their 

livelihood profile for guiding farm design and policy decision making. To contribute to 

building smallholder farm resilience, this thesis explored the role of farm heterogeneity 

in explaining smallholder farm soil nutrient use and adoption behaviour, as well as soil 

nutrient balance and related agronomic and economic performances, and discussed 

options for replenishing soil nutrient in smallholder farms  

8.1. Summary of key findings 

The thesis demonstrated the paramount importance of farm heterogeneity in Sustainable 

Soil Nutrient Management. Using the Sustainable Livelihood Framework, the thesis 

identified the main socio-economic and ecological farm types in the Ioba province. Five 

different farm types were identified. Farm-type I (Better-off, cotton-and livestock-based 

farms): its livelihood is based on livestock and cotton cropping. The Farm-type II 

(Better-off, non-farm activities preference farms) was characterized by the high 
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contribution of off-farm activities income to annual income (77%). The Farm-type III 

(Pro-poor, labour-poor-and landless farms) was the more constrained in land and 

labour. Their livelihood was based on subsistence farming. Farm-type IV (Medium 

income, labour-rich, marketable food crop oriented and educated farms) was the most 

endowed in labour (11 workers) and had the most educated heads (4 years of classic 

education in average). It had the most diversified livelihoods. Finally, the Farm-type V 

(Poor, insecure-land tenure, livestock based farms) was characterized by insecure land 

tenure.  Result showed that farms’ economic efficiency varied among farming systems. 

It was also shown that famers are likely to take good adaptive measures when they 

have climate change awareness. Climate change perception alone was found not to be 

enough to compel farmers to take adaptive measures. 

The study also contributed to the knowledge of factors affecting sustainable soil 

nutrient management. Fertilizer use and adoption behavior of smallholder farms was not 

affected in the same pattern for same determinants across farm types and whole 

population. The farm adoption behavior was influenced by common determinants as 

well as by type specific determinants.  

The thesis analyzed farm nutrient balances as well. Nutrient (e.g. N, P and K) 

balances were computed at farm level and soil sub compartment level. The findings 

corroborated previous nutrient balance studies in Africa which drew attention on 

alarming soil nutrient depletion. Large negative soil nutrient balances were found for all 

farming systems in Ioba province. This confirms the declining soil fertility in the region. 

Two main cases were identified in the region: (1) farms with ’negative soil nutrient 

balance and low margin’, and (2) farms with ’negative soil nutrient balance with better 

margin’. The first case faces the convergent problems of depleted soil resource, poor 

productivity and profitability. The second case is currently profitable but will become 
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problematic as soon as the negative soil nutrient balance trend depicts nutrient stock 

depletion in near future. Scenario analysis showed that balancing soil nutrient with only 

mineral fertilizers is likely unaffordable as the current fertilizer uses are not efficient 

with high rates of net soil nutrient loss. In this scenario the necessary amount of 

fertilizer will cost up to 72% of crop marginal revenue drawn per hectare. If crop 

residues are fully recycled, soil nutrient balance will be improved by 40-90%. The 

scenario livestock-agriculture integration can help improve soil nutrient balance while 

ensuring a better productivity and profitability sound trade-offs are made. 

8.2. Added value of the research 

From a methodological perspective, the thesis showed that Sustainable Livelihood 

Framework is a suited framework for properly identifying typological farm types in a 

region. The identified typology can serve as a guide for studies and policy intervention 

in the region and in similar regions. The thesis demonstrated the role of responsive 

heterogeneity in sustainable soil nutrient management. It also demonstrated the 

relationship between structural and functional typologies and the importance of 

considering both  in regional farming system studies. Also, the results provide an 

empirical framework for scaling-out studies. Furthermore, the nutrient balance analysis 

presented in this thesis is new in the region. To our knowledge, no such studies were 

available for the study region and very few of these studies are available for the rest of 

Burkina Faso. The results provide precious information to developmental stakeholders 

in Burkina Faso as well as to decision makers. It can serve as working material to 

extension services. It also provided a basis for further studies in the region. In the 

overall the thesis has contributed to a better understanding of smallholder farm 

behaviour which is crucial for supporting build farms’ resilience to climate change.  
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8.3. Recommendations  

8.2.1. Recommendations for farm design and for improving policies 

The results of this thesis pave the way for new ways of intervention in the agricultural 

sector in terms of sustainable land management.The findings showed the need for 

targeting specific livelihood farm-types for understanding their behaviour and better 

design policy interventions. It recommends the use of the proposed framework to 

identify typological farm types in order to formulate and implement well-targeted and 

efficient policies in sustainable soil nutrient management. The identified typology 

should serve as a guiding study for policy intervention in Ioba province. The results 

indicate that farmers’ economic efficiency can be improved by acting on specific 

livelihood components rather than a global intervention. Training and learning from 

extension services should be improved for farm types II and IV. Supporting policies for 

livestock sector, income generation activities can help farm type III (pro poor) improve 

its nutrient use efficiency. As for farm type V, the remoteness from main town seems to 

be one of the main factors influencing their economic efficiency. More of training and 

of demonstration fields could improve their knowledge on best nutrient management 

practices. 

The thesis showed that for building efficient adaptation strategies to climate 

change, perception alone is not enough. Policies should distinguish and account for 

awareness, and for farms/households heterogeneity as their response to climate change 

may be constrained by their assets and capabilities. The lack of awareness limits 

adoption of sustainable soil nutrient management in particular and adaptation measures 

in general. To raise farmers’ awareness to climate change, extension services should be 

strengthened and decentralised for building farmers capacity in agro meteorology. 

Rainfall data collected by extension services should be exploited and used to educate 
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farmers on climate change. This information helps farmers to more effectively protect 

their families and farms against the long-term consequences of adverse extreme climatic 

events (AGRA 2014). 

8.2.2. Recommendations for farming system studies and for further 

research 

The findings of this study should serve as a guide for future studies in Burkina Faso and 

in SSA. The study should be reproduced in different socio-ecological and economic 

context. The study used one year data for the analyses. Given that land management is a 

dynamic process, there is the need to explore the responsive heterogeneity with time 

series data. More biophysical data (e.g. rainfall) could then be included in the analysis. 

Given the influence of social settings in human-environment relation, further research 

should take a second step by including perception data in the classification of farmers. 

Sustainable Livelihood Framework should account for the quality of lands. 

This research has provided insight into the role of farm heterogeneity in 

sustainable soil nutrient management. It has characterised farm decision making for soil 

nutrient management, as well as the relationship between environmental and economic 

performances of smallholder farms. A further step should consist in building an actor-

oriented feedback loop system model to guide the decision-making of African 

smallholder farms’ transformation to resilience in response to climate and other socio-

economic changes. 
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Appendices  

Appendix 1 Descriptive statistics of main characteristics of  five farm types.    

 

 

Key variables  

Household type 

Type I 

(Better-

off, 

cotton-

and 

livestock-

based 

farms) 

 Type II 

(Better-

off, non-

farm 

activities 

oriented 

farms) 

Type III 

(Pro-

poor, 

labor-

less and 

landless 

farms) 

Type IV 

(Medium 

income, 

labor-rich, 

marketable 

food crop 

oriented and 

educated 

farms) 

Type V 

(Poor, 

insecure-

land 

tenure and 

livestock-

based 

farms) 

Cash income per 

capita 

(FCFA/capita/year) 

53,753
a
 88,794

b
 31,502

c
 59,453

ab
 31,893

c
 

Tropical Livestock 

Units per capita 
0.3

a
 0.1

b
 0.2

a
 0.2

ab
 0.3

ab
 

Household’s 

workers 
6

a
 6

a
 4

b
 11

c
 7

a
 

Share of cotton area 

(%) 
21

a
 5

b
 3

b
 15

ac
 9

bc
 

Share of non-farm 

activities income 

(%) 

19
a
 77

b
 36

c
 34

c
 33

ac
 

Share of owned 

land (%) 
98

a
 96

a
 99

a
 97

a
 32

b
 

Land holding per 

capita (ha/capita) 
1.0

a
 0.8

ab
 0.7

b
 0.8

ab
 0.8

ab
 

Share of marketable 

food crops area (%) 
15

a
 14

ab
 10

b
 18

a
 17

a
 

Highest schooling 

year of household 

head 

1
a
 2

ab
 2

ab
 4

b
 1

a
 

Dependency ratio 0.25
ac

 0.22
a
 0.84

b
 0.38

c
 0.40

ac
 

Notes: For each variable, the group’s mean values with same letter are not significantly 

different from each other at 95% (p < 0.05). 
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(a)-An informative meeting with farmers in the village of Loffing 

(b)- A screen survey interview with a household in the village of Pontiéba 

(c)- A soil profile in a farmer field in the village of Bekotenga 

(d)- Soil sampling in a farmer field in the village of Kolinka 

(e)- Yield-plot harvest in a rice field in the village of Pontiéba 

(f)-Weighing crop and biomass harvested form a yield-plot in a rice field 

 

(a) (b) 

(c) (d) 

(e) (f) 


