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ABSTRACT 

The adoption and diffusion of soil fertility management technologies among smallholder 

farmers in Kenya lags behind scientific and technological advances thus reducing crop 

productivity. The main purpose of this study was to evaluate gender and social 

perspective in choice of soil fertility management technologies for maize production in 

Kabiyet division of Nandi County. The specific objectives were to; determine soil 

fertility management technologies in maize production, evaluate social diversities in soil 

management practices that enhance maize production, determine gender roles that 

influence the choice of soil fertility management technologies, identify and evaluate 

socio-economic characteristics that influence choice of technologies in maize production 

systems and to determine strategies of mainstreaming gender in soil fertility management 

technologies. This study adopted a descriptive survey method. The sampling frame was 

drawn from 6,505 households. 100 households were selected by multi-sage cluster 

sampling from six locations of the study area. Interviews, questionnaires and observation 

were used to collect data. The study utilized descriptive methods of data analysis which 

entailed the use of measures of central tendencies such as frequencies and percentages. 

Qualitative data was summarized and interpreted in line with the research objectives and 

questions. Results of data analysis were presented in form of figures and tables. The 

study findings showed that intercropping and terracing were the most commonly used 

soil management strategies that enhanced maize production where maize and legumes 

(beans) were mostly intercropped. In addition, most of the farmers acquired soil 

management technologies from agricultural extension officers and during field days. 

Moreover, men were the main decision makers in implementation of maize production 

technologies. Further, men and youth contributed a larger percentage of labour for land 

tillage in maize production. Use of soil sampling and analysis, mixed cropping and early 

planting were the most commonly used strategies in enhancing soil fertility management 

technologies while the least used technologies was use of zero tillage. It was therefore 

recommended therefore that there was need for agricultural field days to be organized 

more in the study area to enable maize farmers to obtain more soil management 

technologies for maize production. It is expected that the study findings will be of 

importance to maize farmers in Kabiyet Division, Ministry of Agriculture and other 

relevant Ministries in identifying strategies of soil management technologies.  
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CHAPTER ONE 

INTRODUCTION  

1.1 Background of the Study 

Most of the economies in Sub-Saharan Africa largely depend on agriculture for food and 

income provision. In this region, more than 50% of the populations rely on agriculture for 

their livelihood and the sector contributes more than 30% of the Gross Domestic Product 

(GDP) (Van Straaten, 2002). Soil fertility decline and land degradation are critical 

constraints to agricultural development in the region. The focus of efforts to solve these 

problems has been on increased food production through a series of interventions. A 

recent innovation was the application of the Green Revolution, which, however, eluded 

most African land managers due to its capital-intensive nature and lack of political will. 

Plant nutrient deficiency, poor soil management, poor soil conservation management, 

poor land tenure systems and inadequate extension infrastructure are among the major 

causes of poor land productivity in Sub-Saharan Africa (SSA) (Gachene & Kimaru, 

2003). Land degradation is widespread in the region and has been on the increase despite 

the awareness of its effects. 

 

Intensive land-use systems practised in many parts of Sub-Saharan Africa without 

adequate nutrient replenishment have led to massive depletion of plant nutrients, decline 

in per capita food production, and thus to malnutrition and food insecurity (Lynam et al., 

1998). The most affected social groups are women and children due to their limited 

ability to cope with the stressful effects of hunger, poverty and malnutrition. The 

livelihood needs of men and women in any given social system are not always the same, 
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because of their different roles, responsibilities and resource endowments (Pasteur, 

2002). The impacts of different livelihood strategies also vary across different social and 

gender contexts. Women and men are therefore likely to differ in their capacity, choice 

and adoption of different technologies, and hence attention must be paid to such 

diversities. The most pressing concern in developing countries today is how to feed their 

growing populations from a fixed natural resource base. This means, therefore, that land 

and water resources must become increasingly productive in environmentally resilient 

way. However, there are certain factors that militate against such goals, including 

depleted soils, low adoption of agricultural technologies across different gender and 

social classes, lack of access to credit, and lack of dynamism in socio-economic systems 

and a variety of other standard development challenges that rural Africa is confronted 

with. 

 

Declining soil fertility and low macro-nutrient levels are fundamental impediments to 

agricultural growth and a major negative social externality in sub-Saharan Africa 

(Vanlauwe & Giller, 2006; Sanchez, 2002). The soils in sub-Saharan Africa are being 

depleted at annual rates of 22kg/ha for nitrogen, 2.5 kg/ha for phosphorus, and 15 kg/ha 

for potassium (Smaling et al., 1997). The adoption and diffusion of soil management 

technologies among smallholder farmers in the region has generally lagged behind 

scientific and technological advances thereby reducing their impact (Ajayi et al., 2007; 

Ajayi & Kwesiga, 2003; Franzel & Scherr, 2002).   

 

The economy of Kenya is agro-based and heavily dependent on rain fed agriculture. The 

agricultural sector contributes about 25 percent of the overall gross domestic product. 
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Agriculture is the engine of Kenya‟s economy whose aim is to ensure food security, 

creation of employment and provision of incomes and livelihood to the majority of the 

Kenyans. To enable agriculture play this important role in the economy of Kenya in a 

more sustainable way, there is need for rapid growth in agricultural output and 

productivity (Ouma et al., 2002). This can be achieved through sustained flow and 

utilization of improved agricultural technologies of which improved seeds and agronomic 

practices that accompany them are very important. According to IFPRI (2002), success in 

Kenya‟s agriculture lies in improvement of agricultural technologies and their subsequent 

diffusion to the farmers. 

 

Numerous data suggest that female household heads in rural areas are disadvantaged with 

respect to human capital accumulation in most developing countries, regardless of region 

or level of economic development (Anríquez, & Erdgin, 2013).The level of human 

capital available in a household -usually measured as the education of the head of 

household or the average education of working-age adults in the household is strongly 

correlated with measures such as agricultural productivity which ultimately affect 

household welfare and economic growth at the national level (World Bank, 2007). 

 

Gender is not a new concept in African agriculture. However, it has only recently been 

recognised as an important concern in agricultural research (KARI, 2008). Gender 

embraces all socially-given attributes, roles, activities and responsibilities connected to a 

person, either male or female, in a given society. Important gender categories include 

men and women, boys and girls, young and elderly, male-headed and female-headed 

households. In any social system gender has great potential for having a significant 
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impact on farm incomes and food security. Different roles and responsibilities are placed 

on the different genders by different social systems. These roles and responsibilities are 

critical determinants of access to and control over productive resources, such as land, 

cash crops, and livestock products. The social systems also determine entitlement to 

resources and power among men, women, and children. This, therefore, implies that food 

security would improve if different gender roles were properly integrated into 

agricultural research and development programmes. 

 

Traditionally, increase in agricultural output has been achieved through the expansion of 

cultivated area. Little of the best arable lands left today must be divided among the 

farming populations which continue to expand. Such an approach has led to widespread 

degradation of land (Lynam & Blackie, 1994). According to Flintan (2003), in the past, 

environmental and soil fertility decline were addressed through shifting cultivation, 

mainly by men-dominated initiatives. In some instances women played little or no role 

and were therefore marginalised (Flintan, 2003) while in other instances the whole of the 

agricultural economy depended on female labour. At the same time, due to an increase in 

population pressure, some traditional practices of natural resource management became 

obsolete and untenable. This has culminated in environmental degradation, nutrient 

depletion, hunger, and widespread poverty. Alternative profitable and sustainable ways 

must, therefore, be found quickly to restore lost soil fertility and natural resource 

productivity. 

 

Declining soil fertility and low macro-nutrient levels are fundamental impediments to 

agricultural growth and a major negative social externality in sub-Saharan Africa 
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(Vanlauwe & Giller, 2006; Sanchez, 2002). In addition, the organic matter content of the 

soils is also declining. Apart from the primary effects of declining per capita food 

production, poor soil fertility triggers other side effects on-farm such as lack of fodder for 

livestock production, reduction in fuelwood and high deforestation rates as farmers are 

forced to abandon poor soils and encroach on forests which are more fertile. These have 

the predictable consequence of accelerating degradation of natural resources and offer 

very little potential for sustainable agriculture. 

 

Despite the potential for adoption of soil management technologies, apart from a few 

cases of exceptional success, some of which have been cited as examples of “successes in 

African agriculture” (Gabre-Madhin & Haggblade, 2004), the adoption and diffusion of 

soil fertility replenishment (RSFR) technologies among smallholder farmers in sub-

Saharan Africa  has generally lagged behind scientific and technological advances 

thereby reducing their impact (Ajayi  et al., 2007; Ajayi & Kwesiga, 2003; Franzel & 

Scherr, 2002). 

 

The utilisation and viability of agricultural technologies are influenced by political, 

social, economic and institutional constraints. Any decision to adopt technology would 

be based not only on profitability but also on potential tangible social and cultural 

benefits. According to Doss and Morris (2001), farmers will adopt technologies if they 

do not seriously disrupt existing farming systems, jeopardise their subsistence, or 

introduce additional strains on already constrained and limited resources. Gender aspects 

are not considered and the resulting constraints on the adoption of technologies across 

gender are ignored. This study therefore sought to analyse the role played by types of 
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technologies, characteristics of farmers, and gender differences as it relates to choice and 

profitability of technologies. 

 

The 1996 World Food Summit forecast was that food insecurity would become a global 

concern in the 21
st
 century (FAO, 1996), especially for women and children who are the 

most vulnerable social groups. In addition, women are adversely affected by cultural 

prejudices that hinder their access to and control over production resources. High costs of 

inputs, lack of credit, land, labour, and technical requirements are some major constraints 

on the adoption of many maize production technologies. 

 

Traditionally, smallholder farmers in Africa just are accustomed to practicing 

conventional farming (CF), which involves disturbing the soil through ploughing, 

discing, harrowing and many other tilt conditioning operations (Mashingaidze & 

Mudhara, 2005). It is generally believed that CF creates a favourable soil structure for 

seedbed preparation, controls proliferation of weeds, and increases mineralization of soil 

organic matter but inevitably compacts the soil, promotes salinization, accelerates soil 

erosion and depletes the soil of organic matter and nutrient content (FAO, 2000). CF has 

been observed to cause soil losses of up to 150 tons per ha annually (Knowler & 

Bradshaw, 2007; FAO, 2000). As a panacea to problems caused by CF, many agricultural 

scientists have advocated for the use of conservation agriculture (CA) technologies. 

However, these technologies have been less widely adopted (Fowler and Rockstrom, 

2001; Derpsch, 2003; Hobbs, 2006). 
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The increasing complexities of environmental problems are likely to increase the 

necessities of new agricultural technologies that can be used to minimize the potential 

contribution of negative environmental consequences of agricultural production. Climate 

change poses threats, but the effect is still difficult to predict. Climate change will affect 

crop and livestock yields worldwide, which will lead to change in food and fiber 

consumption, prices of agricultural commodities, and farm income (USDA, 2014). 

According to the Agricultural Resources and Environmental Indicators (AREI) many 

technologies that have been developed have the potential not only to increase farm 

productivity, but also to reduce the environmental and resource costs associated with 

agricultural production such as land and water by increasing yields with the same or 

fewer inputs and technologies. Besides, agriculture can provide many public goods and 

services or externalities like land conservation, maintenance of landscape structure, 

biodiversity preservation , nutrient recycling and loss reduction and so on (Boody et al., 

2005). 

 

Different studies have shown that different technologies can positively affect soil 

properties and yields. Furrow digging contributes to economic stability through reduced 

water consumption and yield and net returns (Nuti et al. 2009). Technology adoption 

practices include good agrarian practices, irrigation scheduling, water saving, 

conservation tillage, organic farming, erosion reduction, nitrogen fertilization and plastic 

covered horticulture (Bertuglia & Calatrava-Requena, 2006). 

 

Technical change in the form of adoption of improved agricultural production 

technologies has been reported to have positive impacts on agricultural productivity 
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growth in the developing world (Nin et al., 2003). Promotion of technical change through 

the generation of agricultural technologies by research and their dissemination to end 

users plays a critical role in boosting agricultural productivity in developing countries 

(Mapila, 2011). The availability of modern agricultural production technologies to end 

users, and the capacities of end users to adopt and utilise these technologies are also 

critical. This study investigated the effects of gender and social perspectives in choice of 

soil fertility management technologies for maize production in Nandi County. 

 

1.2 Statement of the Problem 

Kenya has had a long history of successful agricultural research and the subsequent 

release of new crop varieties and innovative technologies. Despite this, the country 

continues to suffer from deficits in main food staples, such as maize, wheat and rice 

(KARI, 2008). There are various technologies that have been introduced by Ministry of 

Agriculture and other service providers like KARI. However, levels of technology 

adoption are low, and farmers‟ yields are about 50 percent or less of their potential. Since 

farmers‟ needs and objectives are diverse and always changing, diversities need to be 

considered in technology development processes to a greater extent than has hitherto 

been the case. Much work has been done on manure use and management in maize 

production in Kabiyet (MOA, 2012) but only limited studies have been carried out on 

evaluation of gender and social perspectives in choice of soil fertility management 

technologies for maize production in the division.   
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Women are key providers of labour in agriculture but are constrained by a number of 

socio-economic factors. They contribute about 80 per cent of labour to food crop 

production, and 50 per cent to cash crop production; but they receive only seven per cent 

of extension information including technologies available for maize production (World 

Bank, 2007). Women also play lesser role in decision-making in institutions, and in 

networks of power and authority all of which are male-dominated. In general, women are 

less frequently consulted in technology development and transfer than men. Gender 

mainstreaming was therefore an important variable in the current study.  

 

Gender relations are not universal and are dynamic over time and space. In addition, 

households are not in uniform decision-making units but represent the complex 

interactions of individual interests and abilities, and the priorities of different male and 

female members. Women and men have different life experiences, different knowledge, 

perspectives, and priorities. Their access to and control over resources and benefits are 

not equal. Men cannot necessarily represent the interests of women, nor vice versa; and 

neither sex alone can adequately represent their community. There was therefore need to 

address gender issues in agricultural productivity especially maize production in Kabiyet 

Division, Nandi County.  

 

1.3 Purpose of the Study 

The main purpose of this study was to evaluate gender and social perspective in choice 

of soil fertility management technologies for maize production in Kabiyet Division of 

Nandi County, Kenya.  
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1.4 Objectives of the Study 

The objectives that guided the study were to; 

i. Investigate the effect of social perspectives on soil management technologies 

used for maize production in Kabiyet Division.   

ii. Assess the gender roles that affects the choice of soil fertility management 

technologies in maize production in Kabiyet Division.  

iii. Evaluate the socio-economic characteristics that affects the choice of soil 

fertility technologies in maize production systems in Kabiyet Division. 

iv. Investigate strategies used by farmers in enhancing soil fertility management 

technologies in Kabiyet Division.  

1.5 Research Questions 

This study was guided by the following research questions  

i. What effects do social perspectives have on soil management technologies used 

for maize production in Kabiyet Division?   

ii. What are the gender roles that affects the choice of soil fertility management 

technologies in maize production?  

iii. What are the socio-economic characteristics that affects the choice of 

technologies in maize production systems? 

iv. What strategies do farmers use in enhancing soil fertility management 

technologies?  

 

1.6 Significance of the Study 

The study findings will be of importance to maize farmers in Kabiyet division, the 

Ministry of agriculture and other relevant Ministries in identifying strategies of soil 
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management technologies. It is expected that the findings of the present study will lead 

to the streamlining of development policies and programmes to take full account of the 

impact of gender inequalities on agriculture, to work to reverse nutrient depletion more 

effectively, to increase food security, reduce poverty and improve rural livelihoods. The 

aim of the study is in line with Kenya‟s development policies as outlined in the 

government‟s Poverty Reduction Strategy Paper and other government policies including 

the Millennium Development Goals, Sustainable Development Goals and Vision 2030 

(GoK, 1994, 1995, 1996, 2001). 

 

1.7 Assumptions of the Study 

The research was based on the following assumptions  

1. Maize farmers in Kabiyet division have several soil management practices that 

enhance maize production  

2. Women and men have different life experiences, different knowledge, perspectives, 

and priorities. Their access to and control over resources and benefits are not equal. 

Men cannot necessarily represent the interests of women, nor vice versa; and neither 

gender alone can adequately represent their community. 

3. That farmers understand the soil fertility management technologies in the area. 

 

1.8 Scope of the Study 

This study was undertaken in Kabiyet Division of Nandi County between the months of 

October to December, 2012.The content scope covered the soil fertility management 

practices/technologies in maize production, social and gender diversities in the soil 

management practices that enhance maize production, the gender roles that iaffectthe 
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choice of soil fertility management technologies in maize production, the socio-

economic characteristics that influence the choice of technologies in maize production 

systems and strategies of mainstreaming gender in soil fertility management 

technologies.  

 

1.9 Theoretical Framework  

This study was guided by Sen‟s (1995) theory of intra-household bargaining which shows 

the inequality in decision-making process among different members of households and 

how this inequality affects distribution of resources. Productivity difference by gender is 

also frequently explained by difference in the adoption of technology, assuming the 

adoption of technology is likely to vary between men and women (Quisumbing, 1995). 

To the extent that female farmers may have less education, less access to land and own 

fewer tools, they may be less likely to adopt new technologies (Quisumbing, 1995). Thus, 

their productivity is often lower than male farmers. The inter and intra-household 

decision-making process on the allocation and use of these technological resource is also 

made along gender lines. Several studies (Kakooza et al., 2004) reveal that cash crop 

production which is dominated by men is characterized by availability and utilization of 

improved farm equipment such as tractors and combine harvesters, and farm inputs such 

as fertilizers and pesticides.  In this study, gender is considered to have an effect on the 

adoption of soil management technologies that affect maize production in the study area. 
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1.10 Conceptual Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Researchers’ Conceptual Framework, 2016  

 

In this study, the dependent variables were; social and gender diversities, gender roles, 

socio-economic factors and soil fertility management technologies which wer deemed to 

affect soil management technologies in Kabiyet Division. The intervening variables were 
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minimizing their effect on the study findings 
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1.11 Definition of Terms  

Gender:  In this study it refers to the influence of being male or female on choice of soil 

management technologies for maize production.  

Land Degradation: Deterioration in the quality of land, its topsoil, vegetation, and/or 

water resources, caused usually by excessive or inappropriate exploitation. 

Social perspectives:  This is the behaviour that either women or men have that has an 

effect of soil management  

 

Soil management:  This concerns all operations, practices, and treatments used to protect 

soil and enhance its performance:   

 

Soil Fertility Management Technologies: A set of soil fertility management practices 

that enhances improved food production.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter covers literature on gender and social perspectives influencing the adoption 

of soil management technologies. The literature was from books, journals, theses and 

reports.  

 

2.2 Soil Management Technologies 

Improving soil fertility management among smallholder farmers is widely recognized as 

a critical aspect in addressing food insecurity and poverty, especially in Sub-Saharan 

Africa, where up to 90% of the population in most countries earns their livelihood as 

smallholder farmers (Donovan & Casey, 1998; Freeman & Omiti, 2003). Sustained soil 

fertility management has been an important factor in increasing productivity, but this has 

been a challenge to Sub-Saharan Africa where on average, the rate of input intensity is 

estimated at between 8-12 kg ha-1 compared to over 83 kg ha-1 for all developing 

countries (Mwangi, 1997). 

 

Due to many compelling reasons, which manifest themselves in increasing the relative 

cost of inorganic fertilizers, a number of traditional low-cost soil fertility management 

options have emerged, especially targeted at smallholder farmers (Ajayi, & Kwesiga, 

2003). In Malawi, over the last six agricultural seasons, government policy has seemingly 

been promoting the integration of inorganic fertilizers and grain legumes within the 

traditional maize-based farming systems. This has been seen, for example, through the 

distribution of inorganic fertilizer and grain legume seeds through the Targeted Inputs 
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Programme (TIP) implemented since 1998 (Donovan & Casey, 1998). Promotion of 

integrated soil fertility management stems from the realization that smallholder farmers 

do not have the capacity to apply either option in optimal quantities. Besides, there are 

obvious disadvantages associated with either option when used independently, even in 

the less likely event of farmers being able to apply optimal quantities (Freeman & Omiti, 

2003). 

 

Despite government support, research results still indicate dismal adoption of the options 

that have been developed (Kumwenda et al., 1995). One attributing factor is that the 

technical feasibility of such options is not consistent with the actual farm conditions. 

Moreover, the development process of the options has not adequately incorporated socio-

economic and livelihood conditions which are at the core of farmers‟ decision-making. 

As such, effective policy support in soil fertility management requires knowledge of the 

factors that compel farmers to arrive at the choices they make. Thus, the objective of this 

study is to evaluate gender and social perspective in choice of soil fertility management 

technologies for maize production.  

 

This study focused on integrated soil fertility management options involving inorganic 

fertilizer and grain legumes, but more especially the former, because whether or not 

farmers adopt the low-cost soil fertility options, significant yield effects are obtained with 

application of inorganic fertilizers. Thus inorganic fertilizer is still the key input that 

would increase the incentive for adoption of other options because even the biological 

nitrogen fixation function associated with grain legumes is greatly reduced when some 

nutrients are deficient. In this study, gender was considered to have an influence on 
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choice of soil management technologies that influence maize production in the study 

area.  

 

2.3 Encouraging Low-External Input Soil Fertility Management 

Declining soil fertility, climatic extremes, high costs of inputs and lack of support for 

diversified income sources are all critical problems and are widely recognized as major 

factors responsible for declining agricultural productivity and increasing rural poverty 

(UNEP, 2009). Conventional farming practices such as intensive tillage and burning or 

removing crop residue often make these problems worse (Shetto, & Owenya, 2007). 

Attaining food security and development goals at the household and national levels 

requires a shift from conventional to more efficient, sustainable and climate resilient 

food production practices (FAO, 2010). Sustainable land management including 

conservation agriculture (CA) holds that promise (ACT, 2008).  

 

Conservation agriculture, a three-pronged approach to farming, involving maintenance of 

permanent soil cover, practicing non-tillage planting methods to reduce soil disturbance, 

and implementing crop rotations/associations that break pest cycles and introduce 

nitrogen-fixing leguminous species to help restore soil fertility has shown potential for 

mitigating and adapting to impacts of climate change (Shetto, & Owenya 2007). 

Employing CA principles significantly increases and stabilizes crop yields while at the 

same time preserves the natural resources that are critical for food production (ACT, 

2008). 
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Extensive use of organic fertilizers to overcome declining of soil fertility on smallholder 

farms in Kenya is consistent with the reality of low utilisation of inorganic fertilisers 

(Gachengo et al. 1999). According to Jama et al., (1999), improved fallows are 

economical and have high returns to labour. Biomass transfer and improved fallow 

systems can therefore be as effective in supplying nitrogen, phosphorous, and potassium 

to maize as commercial fertilisers are. Jama et al. (1999) further established that these 

systems were profitable in terms of return to land and capital. These are interesting 

findings, given that small-scale farming systems in Kenya are characterised by high 

population densities, that 40 per cent of households are female-headed, and that land 

parcels are less than 0.8 hectares. However, these technologies need to be analysed for 

gender sensitivity and efforts made to make them more gender responsive. 

 

The technical and financial performance of biomass transfer and improved fallow 

systems varies across spatial locations and across the gender divide. Due to poverty and 

pressure to fulfil daily household chores, women tend to prioritize short-term practical 

strategies rather than those demanded by some soil fertility management technologies 

(Flintan 2003). This often conflicts directly with conservation and environmental 

objectives that are more long-term in nature. There is a need, therefore, to evaluate the 

feasibility of different soil fertility management technologies and their acceptability in 

the different spatial, gender and socio-economic conditions of maize farmers in Kabiyet 

Division, Kenya. 

 

Soil fertility degradation has been described as the single most important constraint to 

food security in Sub-Saharan Africa (SSA). Soil fertility decline is not just a problem of 
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nutrient deficiency. It is a problem of soil physical and biological degradation, 

inappropriate crop varieties and cropping system design, of interactions with pests and 

diseases. The problem relates the linkage between poverty and land degradation, often 

perverse national and global policies with respect to incentives, and institutional failures 

(Boivin, et al, 2009). 

 

Food security in Africa continues to be one of the most pressing problems facing 

governments and development agencies. While the rest of the world has seen significant 

increases in per capita food availability over the past 45 years, the situation in SSA has 

only improved slightly (FAO, 2008). Elsewhere in the world productivity gains through 

intensification of agriculture have largely been responsible for eliminating hunger. 

 

Tackling soil fertility issues requires a long-term perspective and holistic approach of the 

kind embodied in the concept of Integrated Natural Resource Management (INRM). Soil 

fertility problems cannot be isolated from other development problems. Soil fertility 

degradation is linked with a number of social and environmental problems. For example, 

malnutrition is a major factor in over 54% of all deaths of children under 5 worldwide 

(Pelletier, 1994). The proportion is higher in Sub-Saharan Africa (SSA). Most of these 

deaths are not due to famine, with 83% of them attributable to mild-to-moderate 

malnutrition (Boivin et al., 2009). 

 

The impact of soil fertility degradation is devastating for Africa‟s environment and 

compromises future development opportunities. Land and soil degradation have serious 

consequences for other natural resources upon which Africa‟s development depends. For 
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example, degradation of water quality in rivers and lakes due to increased sediment loads 

affects fisheries and the quality of water sources for humans and animals. Lake Victoria, 

Africa‟s largest lake, has suffered a serious decline in water quality over the past 50 years 

due to increased sediment and nutrient loading. This has promoted the growth of the 

invasive water hyacinth plant, at great economic costs to the surrounding countries 

(Boivin et al., 2009). 

 

According to Boivinet al, (2009), Soil fertility decline is associated with a number of 

simultaneous degradation processes that feedback on one another to produce a downward 

spiral in productivity and environmental quality. For example, as forest is cleared and put 

into low-input crop production, litter inputs are inevitably reduced. At the same time, 

tillage and other soil disturbance accelerates decomposition of soil organic matter. These 

two factors result in the decline of soil organic matter, which not only directly reduces 

retention of essential plant nutrients, but also results in breakdown in soil physical 

structure, which, in turn, reduces water infiltration and storage capacity in the soil. Low 

input levels of nutrient and organic matter and poor crop management contribute to poor 

crop growth, leaving the soil exposed to wind and water erosion. Finer soil particles, 

which contain most of the organic matter and nutrients, are then easily mobilized and 

transported by wind and water erosion to other parts of the landscape and into waterways, 

where they cause environmental damage. Large and costly inputs are then required to 

rehabilitate degraded soils and reverse the environmental damage. Preventing these 

processes is cheaper than trying to find a cure for the damage they cause. 
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Human-induced soil degradation is the most fundamental natural resource management 

problem threatening Africa‟s development. Water (46% of area) and wind erosion (38%) 

are the most important processes, but soil chemical (12%) and physical (4% degradation) 

are also important (Oldeman, 1994). Chemical soil degradation includes loss of nutrients, 

salinization, pollution, and acidification. Soil fertility degradation, including soil organic 

matter depletion, in smallholder farms affects 200 million hectares of cultivated land in 

37 Africa countries and is becoming increasingly recognized as a primary constraint to 

agricultural development (Sanchez & Jama, 2002). However, as pointed out above, these 

degradation processes are usually closely inter-linked and must be managed in an 

integrated way. The large variation in soil fertility in African landscapes with the highest 

variability often being at the smallest scales (within farms) poses additional challenges to 

diagnosing constraints and recommending improvements. 

 

2.4 Advances in Soil Fertility Management Innovations 

A number of significant advances have been made over the past decade in the science and 

practice of soil fertility management in Africa. Soil fertility degradation takes place over 

a long time and recuperation of soil quality can be equally slow (Sanchez, & Jama, 2002). 

Therefore, lasting impacts of improved management require long-term investment of 

time and resources. But the impacts of improved management on crop yields are often 

dramatic even in the short term. Significant achievements from agricultural research have 

been demonstrated in improved livelihoods based on the development of soil 

management principles and in methodological approaches to address the major causes of 

poverty. The integration of other scientific disciplines, including ecology, economics and 

participatory social science, has helped formulate a more holistic approach to soil fertility 
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management. Inability to objectively assess the spatial variation in soil quality and soil 

degradation has been a major constraint to solving soil degradation problems and 

managing soil fertility on a large scale. The application of approaches developed by 

landscape ecologists using new remote sensing and Geographic Information System tools 

has led to major breakthroughs in this area and was instrumental in problem diagnosis 

and lead to better targeted interventions (UNEP, 2009). 

 

The impact of recommendations for soil management practices has been enhanced by the 

emergence of a consensus on guiding principles for Integrated Soil Fertility Management 

(ISFM). In essence, ISFM is the adoption of a holistic approach to research on soil 

fertility that embraces the full range of driving factors and consequences of soil 

degradation biological, physical, chemical, social, economic and political (FAO, 2008).  

 

2.4.1 Improved Problem Assessment on Soil Degradation  

Soil degradation is a 21
st
 century global problem that is especially severe in the tropics 

and sub-tropics. Some estimates indicate degradation decreased soil ecosystem services 

by 60% between 1950 and 2010 (Leon, & Osorio, 2014). Accelerated soil degradation 

has reportedly affected as much as 500 million hectare in the tropics (Lamb, Erskine, & 

Parrotta, 2005) and globally 33% of earth‟s land surface is affected by some type of soil 

degradation (Bini, 2009). In addition to negatively impacting agronomic production, soil 

degradation can also dampen economic growth, especially in countries where agriculture 

is the engine for economic development (Scherr, 2001). Over and above the 

environmental and economic impacts, there are also health risks of soil erosion (Guerra, 

et al., 2005) and other degradation processes (Lal, 2009). 
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Previous efforts to assess the extent and severity of soil degradation at national, 

continental and global levels have been based on expert opinion and lack of sufficient 

scientific validity to permit comparisons over space and time. More rigorous 

quantification is needed for targeting land and water management investments and 

decision-making on policies (Guerra, et al., 2005). 

 

Improving soil fertility management in African farming systems has therefore become a 

major development policy issue (Scoones and Toulmin, 1999; NEPAD, 2003). In a 

continent-wide survey to identify cases of success in African agriculture, techniques for 

soil fertility enhancement were most prominently mentioned (Gabre-Madhin & 

Haggblade, 2004). 

 

2.4.2 Land Degradation Surveillance  

FAO (2015) in its International Year of Soil noted that increasing degree and extent of 

soil degradation processes threatened the survival of human race.  The problem of soil 

degradation highlighted by Sjors (2001) and Mwaura (2010) has placed a limit on the 

productivity of agriculture especially maize production.  Many studies have been 

conducted globally to establish the relationship between agricultural land use and land 

degradation (Palmer-Felgate et al., 2009; IFPRI, 2007; Pender et al., 2004). Tukur et al. 

(2004) and Ogunleye et al., (2004) did their studies in Africa and also concluded that 

there was a positive correlation between the two variables. Matsa and Muringania (2011) 

and Tiffen et al. (1994) conducted their research in Kenya and confirmed the same. 
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Surveillance is the ongoing systematic collection, collation, analysis and interpretation of 

data and dissemination of the information to stakeholders for action. Surveillance is 

fundamental for prevention and control of land degradation problems (Luise et al., 2007). 

Key objectives of this approach include to estimate the extent of a soil degradation 

problem and to provide early warning of soil degradation „outbreaks‟. Others are to: 

monitor soil degradation trends, identify management risk factors, monitor progress 

towards achieving control objectives, evaluate interventions and preventive programmes, 

and identify research needs (FAO, 2012). 

 

As Young (1998) noted, “the present unsatisfactory position in knowledge of soil 

degradation can only be overcome by measurement of changes in soil properties over 

time. Soil monitoring should become one of the basic activities of soil survey 

organizations. It is manifestly desirable for governments to know which land use 

practices maintain soil fertility and which degrade it”. Like in medical surveillance, the 

two primary objectives for soil monitoring are pragmatic; to provide information that can 

be used to guide resource allocation, and for making land management decisions; and to 

develop an understanding of cause-and-effect relationships that could subsequently be 

used for prevention, early detection and outcome management of soil degradation. 

 

Most previous assessments of soil degradation have not achieved this degree of rigour. 

Once the problem is measurable, then its prevalence (number of cases per unit area) can 

be assessed. From measurement of degradation prevalence it is possible to identify 

putative (tentative) risk factors, which are the keys to managing the problem. These, 

however, can only be confirmed by measuring the incidence (number of new cases per 
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unit area per unit time) through monitoring programmes (prospective studies). 

Surveillance systems should be action-orientated, realistic and timely. Screening tests for 

rapid and accurate diagnosis of cases is a cornerstone of any surveillance programme. For 

instance, in modern disease surveillance there is very large investment in standard 

laboratory methods and laboratory confirmation of priority diseases. Apart from the 

general lack of case definitions for soil degradation, conventional soil laboratory tests are 

time consuming and expensive, making it impractical to adequately sample spatial 

variability. As a result, assessments of large areas are rarely attempted. 

 

A major breakthrough has been the development of infrared spectroscopy, a laboratory-

based screening tool for soil condition. Using the technology can be used to diagnose 

crop and livestock nutritional constraints, so that national laboratories can serve multiple 

purposes with one instrument without use of chemicals. Infrared spectroscopy allows for 

large numbers of geo-referenced soil samples to be rapidly characterized. It can therefore 

be used with in conjunction with satellite imagery to interpolate ground measurements 

over large areas. Recent developments in GIS and remote sensing have, at the same time, 

greatly increased capability for digital soil mapping (McBratney, 2003). 

 

The fertility capability classification (Sanchez et al., 2003) provides a useful framework 

for assessing soil fertility constraints in the tropics. Developments are underway to 

provide new soil fertility classification systems based directly on infrared spectral 

libraries of soils (Brown et al., 2005; Shepherd et al. 2002). Since many soil problems are 

often strongly inter-related, emphasis on an integrated approach to assessing soil 

degradation is encouraged. The surveillance approach seeks a quantitative understanding 
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of how soil functional capacity is affected by natural processes in the landscape and how 

human action affects this capacity through mediation of these processes. 

 

New concepts of ecosystem resilience permit systems to evolve from one state to another, 

provided that key ecological functions, or services, are maintained. Managing ecosystems 

in a way that maintains their resilience requires an understanding of the interactive effects 

of the drivers of ecosystem dynamics and threshold effects in these dynamics that result 

in undesirable changes that are difficult to reverse. Because of our imperfect knowledge 

of ecosystem behaviour, this understanding can only be built up through purposive 

experimentation and observation adaptive management (Gunderson & Pritchard, 2002). 

There has also been much progress in concepts and research methods for trees, crops and 

soil fertility research (Schroth and Sinclair 2003), sustainable management of soil organic 

matter (Rees et al., 2001), modelling below-ground interactions (Noordwijk et al., 2004), 

and the application of these concepts to integrated plant nutrient management (Soil 

Science Society of America, 2001; Vanlauwe et al.,2002). 

 

2.5 Improved Practices for Better Management at the Field Level 

Significant adoption of a range of improved technologies has been documented across a 

number of countries in SSA. The technologies include soil and water conservation 

structures, such as „zai‟ pits in the Sahel, organic nutrient management systems such as 

high quality manuring in intensive dairy systems in Kenya, and more integrated soil 

management practices. Available evidence shows that the technologies increase 

productivity in the environments where they have been adopted. But it is also known that 

what may work in one site, may not work in another due to differences in soil types, 
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acidity levels, organic matter content, chemical composition of soils, rainfall, slope of 

land and other factors.  

 

The most common practices applied include use of micro-doses of fertilizers, use of 

organic nitrogen sources (Mafongoya et al., 1997), use of intercrop system, Biomass 

transfer or mulching with green-leaf manure using foliage of trees and shrubs cut and 

carried to cropping areas, use of green manure sources, Conservation agriculture which 

involves a number of approaches for reducing tillage, which results in higher retention of 

soil organic matter and improved physical properties of soil, such as water holding 

capacity, aggregation and infiltration. In addition to minimum or zero tillage, 

conservation agriculture involves early land preparation and timely planting, legume 

rotations, micro-water basins, point seeding and fertilizer application, and covering the 

soil with biomass.  

 

International agricultural research has significantly contributed to the development of 

sound soil management principles that aim at sustainable crop production without 

compromising the ecosystem service functions of soil. These include: Application of 

organic resources of animal or plant origin in combination with mineral inputs to 

maximize input use efficiencies and increase returns to investments, integration of cover 

crop and multi-purpose, woody and herbaceous legumes into cropping systems to 

increase the availability of organic resources and consequently increase crop yields and 

farm profits, enhancing the soil organic carbon pool as an integrator of various soil-based 

functions related to production and ecosystem services, improved sustainability of 

nutrient cycles through integration of livestock with arable production and Soil 
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conservation methods to control soil loss and improve water capture and use efficiency 

(Louis et al., 2007). 

 

Mineral fertilizers can quickly replenish lost plant nutrients but their continued 

application without organic matter inputs can lead to declining yields because of other 

problems such as imbalance or deficiency of certain nutrients, deterioration in soil 

structure and acidification of the soil. Some studies have found high economic returns to 

the use of organic nutrients, such as green manures in Kenya (Kipsat et al., 2004), and 

farmyard manure in Zimbabwe (Mutiro & Murwira, 2004). However, studies conducted 

in different parts of SSA show that integration of inorganic and organic nutrient inputs is 

a better option to increasing fertilizer use efficiency and providing a more balanced 

supply of nutrients (Gachengo et al., 1999 and Nziguheba et al., 2004). 

 

Organic and inorganic inputs cannot be substituted entirely by one another and are both 

required for sustainable crop production (Vanlauwe et al. 2002a; Sanchez and Jama 

2002; Place et al. 2003). Studies in Kenya and Uganda report a higher maize yield when 

organic and inorganic inputs are combined than when either of them is applied separately 

(Jama et al., 2000; Delve, 2004). 

 

2.6  Socio-Economic and Policy Issues Affecting Soil Management  

Overall, one major contribution of the past and current ISFM initiatives is the enhanced 

understanding and insights, by practitioners, of other agricultural disciplinary issues and 

how ISFM is related to these and other factors influencing livelihoods in smallholder 

farming communities (Abunyewa, & Mercer-Quarshie, 2004).  It is the socio-economic 
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and policy components of ISFM research that have generally lagged behind and more 

attention is required to integrate them with current advances in biophysical research. 

Understanding the reasons why farmers have not widely adopted many ISFM 

technologies falls under these disciplines (Giller, 2013). 

 

Best-bet technologies that include grain-legume rotations and intercropping, green 

manures, animal manures, mineral fertilizers, combinations of inorganic and organic 

nutrient sources, and agroforestry-based technologies have been developed. Definition of 

best-bet technologies was based on the following criteria (Waddington et al. 1998); 

Long-term contributions to increased soil fertility, appropriateness for many farmers 

across important agro-ecologies, small additional cash and/or labour requirements, 

appropriateness in areas with little competition for arable land, resulting ease of adoption 

by farmers, only a small reduction in maize yields or substitution by production of other 

crops and compatibility with other components of the farming systems. However, most of 

these technologies have been tested at plot-level and, therefore, views about their 

suitability may reflect how well these technologies link to other integrative elements at 

the farm scale. The only comprehensive evaluation of best-bet technologies on a 

nationwide scale was done in Malawi by the Maize Productivity Task Force (Gilbert et 

al. 2002), but analysis was not based on the set criteria for best bets. Recent synthesis 

work suggests that the limited technology evaluation studies done were conducted in 

isolation. 

 

Phiri et al. (2005) reported of fragmented and unpublished studies related to the adoption 

of soil fertility technologies in Zambia. Many players promoting soil fertility were often 
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located in different areas of the country and pursued different operational objectives with 

different resource bases. Limited and isolated testing was also done in Zimbabwe and 

Mozambique. It is therefore apparent that despite sound and development-oriented 

criteria, little or no analysis has been done to verify the conformity of the various 

technologies to the set criteria. 

 

According to Rusike et al. (2005) national governments of Malawi, Mozambique, 

Zambia and Zimbabwe have adopted a common set of agricultural development priorities 

and now have similar policies that are supportive of ISFM as they endeavour to 

modernise their smallholder agricultural sector (liberalization of input/output markets, 

adoption of demand driven research and development). This presents an opportunity for a 

regional approach to ISFM technology development and dissemination, scaling up and 

impact assessment, in order to promote systems innovation. There is high social 

differentiation in adoption and intensity of adoption of ISFM technologies. Most of the 

adopters are relatively wealthy and experienced farmers who are also active members of 

extension groups, mostly located in high rainfall areas (Phiri et al. 2005). These findings 

suggest that a minimum threshold of resource endowment is necessary for a farmer to 

adopt, the technologies and implies a greater developmental challenge for breaking the 

vicious cycle of poverty. 

 

2.7 Farmers’ Choice of Soil Fertility Management Technologies 

A review of the literature on adoption of both inorganic and organic soil fertility 

management inputs among smallholder farmers in Malawi reveals very low and 

inconsistent uptake rates (Kumwenda et al. 1995; Minot et al. 2000). With the disruption 
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of hybrid maize and fertilizer uptake, which occurred in the late 1980s and early 1990s, 

fertilizer use on maize has been continuously low. Both demand and supply constraints 

have contributed towards the low fertilizer uptake and have reinforced a spiral of low 

agronomic productivity, which results in reduced effective input demand. The situation 

has also been aggravated by the stagnant aggregate fertilizer supply and less effective 

distribution mechanisms. 

 

From the demand side, the major factor that depresses fertilizer uptake is the increase in 

the domestic fertilizer price relative to output price. Because all fertilizers in Malawi are 

imported, domestic prices are invariably sensitive to devaluation. The effect has been 

further compounded because Malawi depreciated its foreign exchange regime at roughly 

the same time when the country‟s agricultural policy seriously embarked on full 

liberalization of the input and output market, which necessitated the removal of input 

subsidies.  Supply side constraints point to structural problems related to importation due 

to the country‟s land-locked position. The bulk of smallholder fertilizer is still handled 

through the parastatal institutions: Smallholder Farmers Fertilizer Revolving Fund of 

Malawi (SFFRFM) and Agricultural Development and Marketing Cooperation 

(ADMARC), because even though the market is liberalized, private traders are few and 

often find it difficult to gain an increasing share of the market due to the poor state of 

development of the rural infrastructure (Kherallah & Govindan 1999; Ng‟ong‟ola et al,. 

1997). As such, the input retail price is substantially higher thus making the product 

highly unaffordable by the majority of the smallholder farmers. Relatively low maize: 

nitrogen price ratios have been experienced since the 1990s because even though both the 
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maize and fertilizer markets are deregulated, the rate at which fertilizer price increases is 

higher relative to that of maize. 

 

Apart from the price related variables, socio-economic variables such as wealth status, 

human and physical capital endowment, institutional support and location specificity for 

example access to markets (product, input and capital), are some key variables that 

largely explain the choice of soil fertility management options (Green & Ng‟ong‟ola 

1993; Minot et al. 2000).  

 

Most empirical studies on adoption of agricultural technologies such as Mureithi et al. 

(2000), Mulugeta (2001) and Ransom et al., (2003) concentrate on farmers‟ 

characteristics as the main factors that influence adoption or rejection of agricultural 

technology‟s package. They compare farmers who have adopted or rejected a certain 

technology at a point in time against their own socio-economic characteristics. This study 

evaluated gender and social perspectives that influenced that choice of soil management 

technologies for maize production in Nandi County. Farmers tend to adopt technologies 

whose returns are high relative to their traditional alternatives. That is technologies 

whose relative profitability is high compared with their traditional alternatives. They also 

choose to adopt technologies with relatively low risks as compared to their traditional 

alternatives (Cheryll et al., 2000). Barret (2001) in Ethiopia observed that, farmers 

continue to loose in terms of crop yields despite introduction of new agricultural 

technologies since the cost of fertilizers and improved seeds continue to be high. He 

further said that, if the technology is not cost -reducing, the farmers are not likely to 
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adopt it in future seasons to come, unless policy options such as provision of credit 

facilities are effected. 

 

2.8 Factors Influencing the Adoption of Soil Fertility Management Technologies for 

Maize Production  

A study on factors influencing adoption by Ransom et al. (2003) on the hills of Nepal 

revealed that, a significant and positive relationship exists between years of use of 

fertilizer, off-farm income, contact with extension and adoption. Researches on 

agricultural innovations show that, farmers‟ different personal characteristics lead some 

to adopt innovations more readily than others (KARI, 2002). It appears that, future 

growth in maize production in Kenya would have to depend mainly on yield gains, made 

possible by widespread use of technologies that promote maize production such as use of 

improved germplasm contained in hybrid maize varieties available in the Kenyan seed 

market (KARI, 2002).  

 

The FAO has recognized that, globally, “Gender inequalities in land rights are pervasive. 

Not only do women have lower access to land than men. They are often also restricted to 

so called secondary land rights, meaning that they hold these rights through male family 

members. Women thus risk losing entitlements in case of divorce, widowhood or their 

husband‟s migration. Evidence also shows that women‟s land parcels are generally of 

smaller size and lower quality” than men‟s (FAO, 2010). Single women or those whose 

marriages are not formally recognized also typically have more tenuous rights to land. 

While women‟s land and property rights are vital to development, the reality remains that 

in many parts of the world these rights are often not shared equally between men and 
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women, and are routinely violated, denied, and given insufficient protection and 

enforcement. The obstacles which prevent women from effectively enjoying these rights 

equally with men are complex, and at times context specific. They range from inadequate 

legal standards and implementation of laws, to discriminatory social norms, attitudes, and 

programs at the national, regional and local levels which taken together result in wide 

discrepancies in practice between development outcomes for men and women (Gomez & 

Tran, 2012).  

 

Conley and Udry (2003) model on the adoption of pineapple production practices in 

Ghana found that social learning is important in the spread of the new technologies. 

Foster and Rosezweig (1995) find that own experience and neighbor‟s experiences with 

high yielding varieties in India significantly increased the profitability from these 

varieties. Considerable more work is needed in this area to understand how the use of 

technologies spread.  

 

Gender specialists have demonstrated that whether a farmer is a man or a woman is not, 

in and of itself, the most important factor affecting adoption of agricultural technologies 

(Doss, 1999). Controlling for farmers‟ access to productive resources, wealth, education, 

or marital status may eliminate gender differences in adoption rates, also modulating 

gender differences in adoption impacts. For example, Doss and Morris (2001) 

demonstrated that gender-linked differences in the rates of adoption of modern maize 

varieties and chemical fertilizer in Ghana resulted from gender-linked differences in 

access to complementary inputs such as land, labor, extension and market extension 

services. Quisumbing and Pandolfelli (2009) noted that few studies have examined socio-
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economic differences among women when analyzing decision-making, such as 

technology adoption.  

 

A study of Macharia et al., (2010) examined the profitability of soil fertility and 

management practices in small-scale maize-based production systems in the Central 

Province of Kenya. The researchers found that the household head was the main 

decision-maker in households they interviewed, deciding which crops to grow, which soil 

and fertility management practices to use, when to obtain a loan, and the strategic 

direction of development on the farm. Male-headed households differed from female-

headed households in terms of their initiatives and innovations. As has been repeatedly 

demonstrated in Kenya, the education household heads was a critical factor in the choice 

of development initiatives, which new farming techniques they adopted, and the changes 

made in farming enterprises. The authors noted, however, that wives generally decided 

on the maize varieties grown.  

 

In their analysis of fertilizer use on maize in Zambia, Ricker-Gilbert, Jayne, and Chirwa 

(2011) found that the gender of the household head had no effect on maize yields, 

although hybrid seed use, nitrogen use, use of animal or mechanical power were 

important factors. Also in Zambia, Kimhi (2006) found a negative relationship between 

female headship and area allocated to maize as well as maize yields, when controlling for 

a smaller maize plot sizes. In a sample of households interviewed in selected districts of 

major maize-producing zones, Langyintuo and Mungoma (2008) found that gender of 

household had no effect on either the likelihood of hybrid use or the area share allocated 

to hybrid seed. The lack of statistical significance held across households when they were 
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grouped by wealth index into poorly- and well-endowed segments. Salasya et al. (2007) 

evaluated the factors influencing the adoption of stress-tolerant maize in Western Kenya, 

finding that the dummy for gender of household head was not statistically significant in 

the probit equation. In the Coastal Lowlands of Kenya, Wekesa et al. (2003) also found 

that the gender of the household head was of no significance in the decision to grow 

maize hybrids. Ouma et al (2002) found that gender was a significant determinant of 

adoption if hybrid seed and basal fertilizer in Embu District in Kenya. So were, however, 

manure use, hiring of labor, and extension where all of which are likely to be associated 

with gender of household head. Other variables, such as age and education of household 

head, farm size, credit and education were not found to be statistically significant. 

 

Much empirical adoption literature focuses on farm size as the first and probably the most 

important determinant (Daku, 2002; Nkonya et al, 1997; and Doss and Morris, 2001). A 

study by Gabre-Madhin and Haggblade, (2001) found that large commercial farmers 

adopted new high-yielding maize varieties more rapidly than small farm holders. 

Koundouri et al, (2002) argue that farmers‟ decision to adopt a new technology is 

affected by risk factors which are related to production risk and how the new technology 

can change the amount of production and profitability of the farmers. Particularly, 

farmers with poor farming practices and use of traditional agricultural appliances are 

afraid of taking risks to adopt new ways of farming practices. Kosarek et al., (2001) also 

found that farmers‟ decision to adopt hybrid maize was determined by the expected 

returns (profitability) of the technology, the availability of hybrid seed, and risks 

associated with the expected outcomes of the new technology. 
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Factors like the total land area and the total number of animals will affect farm 

household‟s production decisions of rice. The study showed that the animal asset and the 

percentage of rice areas have the largest impact on a household‟s profit (Yan Liang, 

2006). According to Kassie et al, (2009) adoption decisions can also be significantly 

influenced by land rights and the future security of tenure among farmers. The rapid 

adoption of GMHT crops were explained by the economic benefits results from higher 

yields or reduced costs, production efficiency and flexibility and simplification of 

conservation tillage (Dill et al., 2008). 

 

Doss, (2007) also stated that; it is useful to collect information whether or not farmers 

have ever used improved technologies before in order to understand and introduce new 

technologies. In addition, Koundouri et al, (2006) also wrote that farmer‟s information 

about the new technology plays a significant role in deciding to adopt the improved 

agricultural technology. The extent to which farmers learn from each other and the 

influence of social network can also play a vital role in accepting and disseminating new 

technologies to a large population. The main source of information for farmers is other 

farmers because information is easily available and it is not too costly to utilize it 

(Gershon et al, 2004). This is confirmed by a survey data which showed that farmers cite 

other farmers as their main source of information regarding agricultural practices (Rees et 

al, 2000). 

 

Age is an important factor that influences the probability of adoption of new technologies 

because it is said to be a primary latent characteristic in adoption decisions. However, 

there is contention on the direction of the effect of age on adoption. Age was found to 
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positively influence adoption of sorghum in Burkina Faso (Adesiina & Baidu-Forson, 

1995), IPM on peanuts in Georgia (McNamara et al, 1991), and chemical control of rice 

stink bug in Texas (Harper et al, 1990). In contrast, age has been found to be either 

negatively correlated with adoption, or not significant in farmers‟ adoption decisions. In 

studies on adoption of land conservation practices in Niger (Baidu-Forson, 1999), rice in 

Guinea (Adesiina & Baidu-Forson, 1995), fertilizer in Malawi IPM sweep nets in Texas 

(Harper et al, 1990), Hybrid Cocoa in Ghana (Boahene et al, 1999), age was either not 

significant or was negatively related to adoption. 

 

Gender issues in agricultural production and technology adoption have been investigated 

for a long time. Most of such studies show mixed evidence regarding the different roles 

men and women play in technology adoption. Doss and Morris (2001) in their study on 

factors influencing improved maize technology adoption in Ghana, and Overfield and 

Fleming (2001) studying coffee production in Papua New Guinea show insignificant 

effects of gender on adoption. 

 

Furthermore, access to funds including credit is expected to increase the probability of 

adoption. For instance, it has been reported that most small scale farmers in the country 

are unable to afford basic production technologies such as fertilisers and other 

agrochemicals resulting in low crop yields due to poverty and limited access to credit 

(Ministry of Food and Agriculture, Ghana, 2010). This study investigated the socio-

economic factors influencing the choice of technologies in maize production systems in 

Kabiyet Division, Nandi County, Kenya.  
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2.9 Strategies for Enhancing soil Fertility for Maize Production  

The agriculture sector and the issue of soil fertility management in the developing world 

remain torn between the roles of stakeholders on the best practices and farmers. Sub-

Saharan Africa‟s rapid population growth, combined with a stagnating agricultural 

productivity, has led to a decrease in per capita food production. It is now the only region 

in the world where both the number and the proportion of malnourished children has been 

consistently rising in recent years (FAO, 2010). 

 

There are no long-term studies monitoring the status of soils, nutrient balances and crop 

Productivity for improved livelihoods in most countries such as Kenya. However, 

evidence from various sources indicate that soil fertility is declining as demonstrated by 

studies on farmers‟ perceptions of soil fertility change, nutrient balances and on-station 

fertilizer trails (Rubaihayo 2006; Wortmann, et al, 2006). In Uganda, the National 

Agricultural Research Organization (NARO) (2007) observed, that improving Integrated 

Soil Fertility Management (ISFM) has been given little consideration in agricultural 

policies and planning, largely because it is commonly believed that Ugandan soils are 

very fertile (Zake, 2002). Despite the contributions of the agricultural sector, agricultural 

development remains a challenge in developing countries with little attention to the 

challenges facing agricultural sector. There has been a notable decline in food production 

due limited use of artificial fertilizers, increase in poverty levels (Keith, 2008). 

Worldwide, most extension agents have, in fact, had broader impacts than merely 

transferring technology (Keith, 2008). Thus, increasing agricultural productivity not only 

relies on improved production efficiencies, such as through adoption of modern or 
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improved technologies and practices, but also critically relies on crop rotation and 

intercropping. Farmers in different environment can increase their farm productivity 

more than what they actually produce when they link between knowledge and action in 

crop rotation and intercropping. Crop rotation is also used, though not as soil 

management technology but rather unexpectedly (Ssekabembe, 2005).  

 

Integrated soil fertility management (ISFM) is a means to increase crop productivity in a 

profitable and environmentally friendly way (Vanlauwe et al., 2010) and thus to 

eliminate one of the main factors that perpetuates rural poverty and natural resource 

degradation in Sub-Saharan Africa (SSA). Current interest in ISFM partly results from 

widespread demonstration of the benefits of typical ISFM interventions at plot scale, 

including the combined use of organic manure and mineral fertilizers (Zingore et al., 

2008), dual-purpose legume–cereal rotations (Sanginga et al., 2003), or micro-dosing of 

fertilizer and manure for cereals in semi-arid areas (Tabo et al., 2007). ISFM is also 

aligned to the principles of sustainable intensification (Pretty et al., 2011; Vanlauwe et 

al., 2014), one of the paradigms guiding initiatives to increase the productivity of 

smallholder farming systems. Sustainable intensification, though lacking a universally 

accepted definition, usually comprises aspects of enhanced crop productivity, 

maintenance and/or restoration of other ecosystems services, and enhanced resilience to 

shocks. ISFM can increase crop productivity and likely enhances other ecosystems 

services and resilience by diversifying farming systems, mainly with legumes, and 

increasing the availability of organic resources within farms, mainly as crop residues 

and/or farmyard manure. This study investigated strategies employed by farmers in 

enhancing soil fertility management technologies in Kabiyet Division, Nandi County.  



41 
 

CHAPTER THREE 

RESEARCH DESIGN AND METHODOLOGY 

3.1 Introduction 

This chapter presents the research methodology that was used for data collection, analysis 

and presentation. It presents the research design, sample frame, sampling procedures, 

methods of data collection and data analysis. In conducting this study, both primary and 

secondary data was used, while qualitative and quantitative techniques were used in data 

analysis. 

 

3.2 Research Design 

This study adopted a descriptive survey design. This design is appropriate for data 

collection in large areas.  According to Aggarwal (2008) descriptive research is devoted 

to the gathering of information about prevailing conditions or situations for the purpose 

of description and interpretation. A descriptive design was selected because of its high 

degree of representativeness and the ease in which a researcher could obtain the 

participants‟ opinion (Polit & Beck 2004). The researcher obtained and described the 

views of the respondents with regard to the gender and social perspectives in choice of 

soil fertility management technologies for maize production.  

 

3.3 Sampling Frame 

The sampling frame was drawn from 6,505 households in the division as shown in Table 

3.1. 
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Table 3.1: Households in Kabiyet Division 

Location  Household 

numbers 

Sub-Location  Household 

Numbers 

Sample size 

Kabiyet 1947 Cheptuiyet 293 30 

Kamasia 854 Kamasia 127 13 

Lolkeringet 1854 Chemnoet 289 29 

Kebulonik  1850 Rubet 277 28 

Total  6,505  986 100 

 

3.4 Sampling Techniques and Sample Size 

The sampling technique used in this study was multi-stage cluster sampling. The division 

was taken as a cluster with six locations and 18 sub-locations. The locations have three 

sub-locations while others have two or four sub-locations. One sub-location in each sub-

cluster (location) was selected by simple random sampling technique.  Ten percent (10%) 

of households in each sub-location were selected by simple random sampling technique 

as per the population proportion where the first household was picked by simple random 

sampling technique followed systematic random sampling where every 10
th

 household 

was selected.  The choice of 10% was based on recommendations by Mugenda and 

Mugenda (2003). A total of 100 households were selected in the study giving 1.5 percent 

of the total population. Neuman (2000) argues that for large populations small sampling 

ratios (1 percent) are possible and can be very accurate and therefore 1.5 percent of the 

population was considered adequate.  
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3.5 Sources of Data 

Both primary and secondary data was obtained for the study. Interviews, questionnaire 

administration and observations comprised the main sources of primary data, obtained 

directly from randomly selected households. Secondary data was obtained from review of 

published and unpublished materials from books, refereed journal articles, unpublished 

theses and dissertations.  

 

3.6 Data Collection Instruments 

The instruments used for collection of data relevant to this study were interview 

schedules, questionnaires and observations.  

 

3.6.1 Interview Schedules 

This technique was used to gather information from the household members regarding 

gender and social perspectives in choice of soil fertility management technologies for 

maize production in Kabiyet Division. Interview schedule was utilized to obtain detailed 

information from the Sub County Agricultural Officer. 

 

3.6.2 Questionnaire 

Questionnaires were administered to 100 respondents. The questionnaire consisted of 

both structured and non-structured questions. The unstructured items captured opinion, 

feeling and suggestions of the respondents in the space provided. All the questions in the 

questionnaire related to the objectives and the research questions. According to Orodho 

(2003), a questionnaire has more advantages because it allows the collection within a 

short period of time.  It also helps to ensure that all respondents reply to the same set of 
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questions and that answers are in the words of the respondents and thus free from bias. 

The questionnaires comprised of both open and closed-ended questions. The closed- 

ended items were suitable as they limited the responses. The advantage of this is that only 

relevant responses which are easy to analyze and compare are obtained.  

 

3.6.3 Observation 

Direct observation was used to observe soil fertility management technologies that have 

been adopted by maize farmers in the division. This technique helps to eliminate 

subjective bias from questionnaire and interview. However, this method has its 

limitations. In observation method, information observed is limited and sometimes 

unforeseen factors may interfere with the observational task (Kothari, 2004).  

 

3.7 Methods of Data Analysis and Presentation 

The study utilized descriptive methods of data analysis. This entailed the use of measures 

of central tendencies such as frequencies and percentages. Quantitative data was analyzed 

using frequencies and percentages while qualitative data was summarized and interpreted 

in line with the research objectives and questions. Results of data analysis were presented 

in form of Figures and Tables.  
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CHAPTER FOUR 

RESULTS  

4.1 Introduction  

This chapter documents the findings that emerged from the data analysis of 

questionnaires and interview schedules on the evaluation of gender and social 

perspectives in choice of soil fertility management technologies for maize production in 

Nandi County. The chapter is divided into two sections, with section one, dealing with 

the demographic description of participants involved in the study. The second section 

addresses the objectives of the study as; effects of social and gender diversities in the soil 

management practices that enhance maize production, the gender roles that influence the 

choice of soil fertility management technologies in maize production, the socio-economic 

characteristics that influence the choice of technologies in maize production systems and 

the strategies used by farmers in enhancing soil fertility management technologies. 

 

4.2 Basic Description of the Respondents  

Among the basic information sought in this study were; sex, age bracket, farm size, 

fertilizers and chemicals (herbicides) used. This was in order for the researcher to 

understand the effects of these variables on choice of soil fertility management 

technologies for maize production.  

 

4.2.1 Gender of the Respondents 

From the study it was found out that 71% of the household heads were male while 29% 

household heads were female as shown in Figure 4.1. 
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Figure 4.1: Gender of Respondents  

 

The study findings showed that male headed households dominate maize farming in 

Kabiyet division. In this region men are the landowners and take almost all decisions. 

Women on the other hand have user rights to the land and bear the bulk of the 

agricultural and domestic work. According to the World Bank report (2013), women 

make up 80% of Kenya's farmers. However, despite their majority, they still have many 

challenges to overcome, like gaining ownership of the land they work on. Further, 

Mignouna et al. (2011) on their study on determinants of adopting imazapyr-resistant 

maize technologies and its impact on household income in western Kenya found out that 

the gender of the household head is hypothesized to relate positively to the adoption of an 

IRM package. The assumption is that the head of the household is the primary decision 

maker and men have more access and control over vital production resources than 

women due to many socio-cultural values and norms. 
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4.2.2 Age Bracket of the Respondents 

Further, it emerged that 45.0% of the farmers were aged 40-49 years, 24% were aged 30-

39 years, 24% were aged over 50 years while 7% of the farmers were aged 20-29 years as 

shown in Figure 4.2.  

 

 
 

Figure 4.2: Age Bracket of the Respondents  

The findings showed that most of the maize farmers in Kabiyet Division were aged 

between 40 and 49 years. This implies that they had been in the farming business for 

longer periods of time and were able to adopt soil fertility management technologies that 

enhanced maize production. According to Nepal and Thapa (2009) at the younger age, 

farmers may not be able to adopt modern agricultural production technologies, especially 

capital intensive ones because of the fact that they might not have adequate resources to 

do so. 
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4.2.3 Household Farm Size 

The size of the farms could be an influencing factor for soil conservation technologies 

that enhances maize production. The respondents were therefore asked to indicate the 

size of their farms. The results showed that 66.0% of the farmers had less than 5 acres, 

18.0% of the farmers had 6-10acres, 10% of the farmers had 10 -15 acres while 6% of the 

farmers had over 16 acres of land as shown in Figure 4.3.  

 

 
 

Figure 4.3: Household Land Acreage  

 

The study findings showed that a majority (66.0%) of the households in Kabiyet Division 

had less than 5 acres of land. This implies that most of the maize farmers in Kabiyet 

division are small scale farmers and this could influence the adoption of maize 

production technologies. According to Barrett et al. (2005), the relationship between 
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technology adoption and agricultural productivity is, complex as it is influenced and 

shaped by farm and farmer characteristics and farm size, among other factors. In this 

study the small sizes of farms could negatively impact on the adoption of maize 

production technologies. In addition, the increase in population has led to land 

fragmentation in the study area where most household had less than 5 acres. This concurs 

with Mugwe et al., (2009) who found that in central Kenya increased population had led 

to land fragmentations where most farm sizes ranged between 0.5 ha and 1 ha per 

household. However, a study by Ndiema et al., (2002) in Njoro showed no significant 

relationship between adoption of agricultural technologies and farm size.  

 

4.2.4 Fertilizer Use  

The study findings showed that all the households used fertilizers for maize production. 

However, it emerged that 89% of the farmers were using inorganic fertilizers as 

compared to 11% of the farmers who used organic fertilizers for maize production as 

presented in Figure 4.4.  
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Figure 4.4: Household Fertilizer use 

 

From the Figure 4, it can be shown that majority of the farmers in the division usually use 

inorganic fertilizer to increase maize production in their farms. Reduced soil fertility in 

the study area due to continuous cropping has led to increased use of fertilizers to 

replenish soil nutrient depletion. In a study by Mugwe et al. (2009) most smallholder 

farmers in Central Kenya used mineral fertilizers and cattle manure for crop production. 

Fertilizers are able to increase crop yields and additionally produce enough residues for 

soil fertility management, while organic sources are able to rehabilitate less responsive 

soils and make them responsive to fertilizers (Vanlauwe et al. 2010).  

 

4.2.5 Use of Herbicides  

The respondents were further asked to indicate whether they used herbicides in their 

farms or not. The results are presented in Table 4.1. 
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Table 4.1: Use of Herbicides  

 

Response  Frequency Percent 

No 46 48.4 

Yes 49 51.6 

Total 95 100.0 

 
 

Table 4.1 shows that 51.6% respondents used various forms of herbicides in their farms 

while 48.4% respondents did not use any herbicides in their farms.  The study findings 

showed that most of the farmers in the division were using herbicides in maize 

production. However, the use of herbicides is still low as compared to other parts of the 

country. This concurs with Okoboi, et al, (2012) who found that use of 

herbicides/fungicides, in maize production in Uganda was low. In most cases farmers 

usually use family labour in maize production. 

 

4.3 Social Diversities in the Soil Management Technologies in Maize Production 

Social diversity issues are specific and are evident in virtually every aspect of life 

including the farming of maize, and all processes of production and processing (Kaitano, 

2009).  This study sought to evaluate the effects of social diversities in the soil 

management technologies that enhance maize production in Kabiyet Division, Nandi 

County.  The respondents were asked to indicate their responses on available soil 

management technologies in the study area in the questionnaire. However, respondents 

indicated more than two responses since most farmers used more than one strategy 

making this a multiple response. The study findings are presented in Table 4.2. 
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Table 4.2: Soil Management Technologies  

Soil management technologies  Frequency Percentage 

Terracing  113 22.5 

Crop Rotation  67 13.4 

Mulching  33 6.6 

Nutrient management  69 13.8 

Intercropping  128 25.5 

Minimum/Zero tillage 33 6.6 

Use of cover crops 59 11.8 

TOTAL 502 100.0 

Source: Field Data, 2015 (multiple Response) 

 

Table 4.2 shows that 25.5% of the farmers used intercropping as a soil management 

strategy, 22.5% respondents were using terracing as a soil management strategy, 13.8% 

respondents were using nutrient management as a soil management strategy while 13.4% 

respondents were using crop rotation as a soil management strategy. In addition, 11.8%, 

6.6% and 6.6% respondents were using cover crops, mulching and minimum/zero tillage 

respectively as soil management strategies. The study findings showed that intercropping 

and terracing were the most commonly used soil management strategies that enhanced 

maize production in Kabiyet Division. The farmers intercropped mostly maize and beans. 

Intercropping of cereals and legumes would be valuable because the component crops 

can utilize different sources of nitrogen, which is scarce in most soils. The cereal may be 

more competitive than the legume for soil mineral Nitrogen, but the legume can fix 

nitrogen symbiotically if effective strains of Rhizobium are present in the soil. This 

implies that use of terracing could reduce soil erosion and enhance maize productivity in 

the region.  
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Nutrient management was also considered a factor in enhancing maize productivity in 

Kabiyet division. Nutrient management in this case involved soil testing to understand 

the nutrient requirements of the soils in the study area. This will enable the control of rate 

and type of fertilizer application for maize production. The importance of a regular soil 

testing program has long been recognized by most maize farmers. The goals of soil is to 

determine existing levels of available soil nutrients and recommend fertilizer applications 

to prevent any nutrient deficiency which may hinder crop production. Proper soil testing 

gives a relative index of soil supplied nutrients and nutrients previously supplied from 

manure, legume crops or commercial fertilizer. 

 

In addition, the farmers were requested to indicate in the questionnaire where they 

acquired the technologies used in maize production. Multiple responses were allowed in 

this question since some farmers could have acquired the technologies from more than 

one source. The responses were tabulated and the results are presented in Table 4.3. 

Table 4.3: Acquisition of Soil Management Technologies    

Responses  Frequencies Percentages 

Field days  97 27.2 

Agricultural extension officers  147 41.2 

Media 25 7.0 

other farmers 36 10.1 

Training  31 8.7 

Field trips 21 5.9 

Total 357 100.0 

Source: Field Data, 2015 (Multiple Response) 



54 
 

 

Table 4.3 shows that 41.2% of the respondents reported they acquired Soil Management 

Technologies from agricultural extension officers, 27.2% respondents acquired through 

field days, 10.1% of the respondents acquired through farmers, 8.7% respondents 

acquired the technologies from trainings they attended. In addition, 7.0% and 5.9% 

respondents acquired the technologies from the media and farmers‟ field trips 

respectively.  

 

This implies that most of the farmers acquired soil management technologies from 

agricultural extension officers and field days organized by these officers. Since extension 

is a process of getting useful information to farmers to help them acquire knowledge, 

skills and change of attitude and to implement this information effectively; agricultural 

extension officers therefore, should be competent in using variety of teaching methods as 

a tool in training farmers 

 

4.3.1 Social Groups Involved in Acquisition of Farm Technologies  

In addition, the respondents were asked to indicate the social groups that were more 

involved in the acquisition and use of farm technologies. The results are presented in 

Table 4.4.  
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Table 4.4: Social Group More Involved in the Acquisition and Use of the Farm 

Technologies 

Social Group Frequency Percent 

The youth 41 43.2 

Women 8 8.4 

Men 44 46.3 

The Elderly 2 2.1 

Total 95 100.0 

Source: Field Data, 2015 

 

On social groups that are more involved in the acquisition and use of the farm 

technologies, it emerged that 46.3% of the respondents reported men were more involved 

in the acquisition and use of the farm technologies, 43.2% of the respondents reported 

that the youths were more involved in the acquisition and use of the farm technologies, 

8.4% of the respondents cited that women were more involved in the acquisition and use 

of the farm technologies while 2.1% respondents reported that family members were 

involved in the acquisition and use of the farm technologies.  

 

On interviewing the Sub-County Agriculture Officer (SCAO), it emerged that most of the 

activities on maize production were done by the youth and the women, but the decision-

makers were men. The results are not perfectly realized because this group of women and 

the youth were not financially empowered and had no knowledge on soil management 

technologies. The SCAO noted that most farmers acquired soil management technologies 

through agricultural extension officers who are stationed in each ward and the field days 

and demonstrations organized in households and institutions within the study area.  
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4.4 Gender Roles that Influence the Choice of Soil Fertility Management 

Technologies in Maize production  

The respondents were asked to indicate in the questionnaire the persons who owned land 

they were tilling. The results of data analysis are presented in Table 4.5. 

Table 4.5: Persons Owning Land for Maize Production 

Land Owner Frequency Percentages 

Men 61 64.2 

Women 9 9.5 

Government  2 2.1 

Community 1 1.1 

Leased 22 23.1 

Total 95 100 

Source: Field Data, 2015 

 

From the Table 4.5, it was found out that 64.2% of the respondents reported that men 

owned land that they were tilling, 9.5% respondents cited that women were the owners of 

land and 3.1% respondents indicated that they were tiling leased land while 2.1% 

respondents cited that they were tilling government land. From the responses, it emerged 

that majority  of the respondents at 64.2% cited that men were the owners of land. This 

implies that women are disadvantaged in land ownership and therefore any decisions 

made on soil fertility management technologies for maize production tends to be made by 

men.  

 

In addition, the respondents were asked to indicate the persons responsible for making 

decisions specifically on technologies used in maize production. The results of data 

analysis are presented in Table 4.6. 
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Table 4.6: Group Responsible for Decision Making in Technology Adoption  

Group Responsible for Decision Making  Frequency Percentages 

Men 67 70.5 

Women 10 10.5 

Youth 5 5.3 

Government 13 13.7 

Total 95 100.0 

Source: Field Data, 2016 

 

Table 4.6 shows that 70.5% of the respondents reported that men were responsible for 

making decisions concerning technology adoption for maize production, 13.7% of the 

respondents reported that the government made decisions on technologies used in maize 

production and 10.5% respondents reported that women were responsible for making 

decisions on maize production technologies while 5.3% respondents cited that the youths 

were responsible for making decisions on maize production technologies. From the 

responses, it emerged that majority (70.5%) of the respondents believed that men were 

responsible for making any decision on the adoption of maize production technologies.   

 

Further, the respondents were asked to indicate the persons who made decisions 

specifically on technologies used in maize production. The results are presented in Figure 

4.5. 
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Figure 4.5: Decision Makers in Technologies Used in Maize Production 

 

Figure 4.5 shows that 70.5 percent respondents reported that men were the decision 

makers on the implementation of maize production technologies, 12.6 percent of 

respondents cited that women were the decision makers as far as maize production 

technologies were concerned and 13.7 percent of respondents believed that the youth 

were the decision makers on the implementation of maize production technologies while 

3.2% of the respondents reported that farmers‟ associations were the decision makers on 

implementation of maize production technologies. The study findings showed that 

majority of the respondents (70.5%) believed that men were the decision makers in the 

implementation of maize production technologies. This is consistent with World Bank, 

(2000) which showed that women have less contact with extension services than men and 

generally use lower levels of technology because of problems of access and cultural 

restrictions. 
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On interviewing the SCAO, it emerged that men were the major decision makers on 

acquisition on farm inputs and soil fertility management practices on maize production. 

However, the implementers of these technologies were mostly the youth and women.  

This implies that women and youth have low or no influence on the acquisition of soil 

management technologies for maize production in the study area.  

 

4.5 Socio-Economic Characteristics that Influence the Choice of Technologies in 

Maize Production Systems 

The study further sought to evaluate the socio-economic characteristics that influence the 

choice of technologies in maize production systems in Kabiyet Division. The respondents 

were requested to indicate the persons who did actual tilling of land for maize production. 

The results are presented in Table 4.7.  
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Table 4.7: Persons Responsible for Land Tilling for Maize Cultivation  

Persons  Frequency Percent 

Men 44 46.3 

Women 13 13.7 

Youth 27 28.4 

Others 11 11.6 

Total 95 100.0 

Source: Field Data, 2015 

 

Table 4.7 shows that 46.3% of the respondents indicated that men were responsible for 

the tilling of land for maize production. However, 28.4% of the youths also contributed a 

larger percentage for those responsible for land tillage followed by women at 13.7%. This 

implies that men and youth contribute a larger percentage of labour for land tillage in 

maize production. This pointed out that women have access to land but are not so much 

involved in tilling for maize production purposes.  

 

Further, it emerged that 67.4% of the respondents reported that men were responsible for 

the costs incurred for technologies used in maize production while 1.1% reported that the 

government met the technology transfer costs. This implies that men were more involved 

in technology acquisition in maize production as compared to other groups as shown in 

Table 4.8. 
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Table 4.8: Groups who Meet Costs Associated with Technology Acquisition in Maize 

Production  

Group  Frequency Percent 

Men 64 67.4 

Women 22 23.2 

Youth 8 8.4 

Government 1 1.1 

Total 95 100.0 

Source: Field Data, 2015 

 
This shows that men are the dominant group in Technology adoption for maize 

production in the study area.   

 

In addition, the respondents were asked to rate their level of agreement on a five point 

likert scale items in the questionnaire on socio-economic characteristics that influence the 

adoption of technologies associated with maize production. The items were scored and 

their means tabulated. The results are presented in Table 4.9. 
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Table 4.9: Socio-Economic Characteristics that Influence the Choice of Technologies 

in Maize Production Systems 

Socio-economic characteristic Mean Std. Deviation 

Primary occupation of the farmers  4.5 .80 

Annual income of the farmers  4.3 .91 

Household size of the farmers  2.6 1.32 

Membership of farmers‟ group of the 

farmers  
2.8 1.24 

Educational attainment of the farmers  3.4 1.42 

Age of the farmers  3.0 1.67 

Farm size of the farmers  3.8 1.42 

Availability of credit facilities enables 

farmers to easily acquire agricultural 

technologies 

3.5 1.46 

Participation in agricultural project 

activities enables farmers to easily acquire 

agricultural technologies 

4.2 1.04 

Source: Field Data, 2015 

 
Table 4.9 shows that household size, membership of farmers‟ group and age of the farmer 

had insignificant influence the adoption of agricultural technologies for maize 

production. These factors were found to had a mean of less than 3.0. However, primary 

occupation of the farmers, annual income, educational attainment, farm size, availability 

of credit facilities and participation in agricultural project activities were considered by 

the farmers to be the factors that influence the adoption of agricultural technologies for 

maize production. These factors had a mean of over 3.5.  Primary occupation, annual 

income and farmers‟ participation in agricultural project activities were found to be the 

prime factors influencing the adoption of soil fertility management technologies for 
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maize production in Nandi County.  This is consistent with Nepal and Thapa, (2009) who 

argued that at the younger age, farmers may not be able to adopt modern agricultural 

production technologies, especially capital intensive ones because of the fact that they 

might not have adequate resources to do so. Further, it concurs with Gabre-Madhin and 

Haggblade, (2001) who found out that large commercial farmers adopted new high-

yielding maize varieties more rapidly than small farm holders. The study finding further 

supports and earlier research by Friis-Hansen and Duveskog (2012) which found out that 

income had a positive and significant relationship with adoption of agricultural 

technologies.  

 

On interviewing the SCAO, it was found out that women and youth were vulnerable 

because they did not have finance to acquire the required input and soil fertility 

management technologies to enhance maize production thus affecting productivity of 

maize and management of soil in the study area. It further emerged from the interview 

that culturally most men were the main land owners and therefore women and youth had 

low access to land hence minimum modification on the soil fertility management 

technologies.  

 

4.6 Strategies used by Farmers in Enhancing Soil Fertility Management 

Technologies 

Soil fertility is seen as declining as demonstrated by studies on farmers‟ perceptions of 

soil fertility change, nutrient balances and on-station fertilizer trails (Rubaihayo 2006; 

Wortmann, Lubanga and Kaizzi 2006). Maize farmers were asked to indicate whether 
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they had undergone any training in soil management technologies. The results are 

presented in Figure 4.6. 

 

 

Figure 4.6: Farmers’ Response on Attendance of Training in Soil Management 

Technologies 

 

Figure 4.6 shows that 69.5% of the farmers in the study area had underwent training on 

soil management strategies while 30.5% of the farmers had not undergone any training on 

soil management strategies. This implies that majority of the farmers  at 69.5% were able 

to develop various strategies aimed at conserving soil for better maize production.  

For the farmers who had attended training, they were asked to indicate the form of 

training they had undergone. The results are presented in Table 4.10. 
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Table 4.10: Form of Training Undergone by Maize Farmers  

Form of Training Frequency Percent 

Workshops 7 10.6 

Seminars 16 24.2 

Farmers field Day 28 42.4 

Agricultural tours 11 16.7 

Others 4 6.1 

Total 66 100.0 

Source: Field Data, 2015 

 

Table 4.10 shows that most farmers at 42.4% had undergone trainings on soil 

management technologies through farmers‟ field days. This was followed by seminars 

(24.2%), agricultural tours (16.7%) and workshops (10.6%) among others respectively. 

The results showed that information could easily be passed to farmers by holding 

farmers‟ field days. The Farmer Field School (FFS) is a participatory approach that uses 

non-formal adult education methods based on experimental/discovery learning techniques 

and participatory training. Initiating farmers‟ field days will also improve on the adoption 

of various technologies for better agricultural productivity.  

 

In addition, the respondents were requested to indicate their level of agreement on a five 

point likert scale items on strategies used by farmers in enhancing soil fertility 

management technologies. The results are presented in Table 4.11. 
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Table 4.11: Strategies used by Farmers in Enhancing Soil Fertility Management 

Technologies 

Strategy Mean Std. Deviation 

Use of inorganic fertilizers 3.9 1.40 

Use of organic fertilizers 4.0 1.34 

use of crop rotational programme 4.0 1.09 

Use of zero tillage 3.1 1.40 

Mixed cropping 4.4 .82 

Improved land tenure systems 3.8 1.28 

Improved fallows 3.7 1.23 

Use of contour ridging 3.9 1.26 

Encouraging early planting 4.2 1.27 

Use of mulching in crop production 3.9 1.28 

Understanding soil characteristics through 

regular use of soil sampling and analysis 
4.3 1.11 

Source: Field Data, 2015 

 

Table 4.11 among the common strategies that were mostly used by farmers were 

understanding soil characteristics through regular use of soil sampling and analysis, 

mixed cropping and early planting while the least used technologies  was use of zero 

tillage. This depended on several factors which are associated with the farmer 

characteristics, availability of technologies and the cost of technologies adopted. Soil 

sampling and analysis helps farmers in determining the rate and types of fertilizers to be 

applied.  

 

On interviewing the SCAO, it was realized that maize farmers in the study area should be 

sensitized on soil fertility management technologies through barazas, farmers‟ field 

schools, trainings and field days for easy acquisition and implementation of soil 

technologies to enhance maize production and income for food security and better living 

in the division 
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CHAPTER FIVE 

DISCUSSIONS 

5.1 Introduction  

This chapter discusses the findings of the study undertaken on gender and social 

perspective in choice of soil fertility management technologies for maize production in 

Kabiyet division, Nandi County. The discussion follows the objectives of the study. 

 

5.2 Social Diversities in the Soil Management Practices in Maize Production 

Gender issues are area specific and are evident in virtually every aspect of life including 

the farming of maize, and all processes of production and processing (Kaitano, 2009).  

This study sought to evaluate the effects of social and gender diversities in the soil 

management practices that enhance maize production in Kabiyet Division, Nandi 

County.  The study findings suggested that intercropping and terracing were the most 

commonly used soil management strategies that enhanced maize production in Kabiyet 

Division. It has been found that intercropping has been successful as compared to 

monocroping in enhancing crop productivity for example in Sub-Saharan Africa Several 

scientists such as Egbe, (2010); Mucheru-Muna et al., (2010); Obadoni et al., (2010); 

Addo-Quaye et al., (2011); Okoth and Siameto, (2011) and Osman et al., (2011) working 

with cereal-legume intercropping systems have proved its success compared to the 

monocrops. 

 

The farmers indicated that they intercropped mostly maize and beans. According to Chu 

et al., (2004), intercropping of cereals and legumes would be valuable because the 

component crops can utilize different sources of Nitrogen, which is scarce in most soils. 
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The cereal may be more competitive than the legume for soil mineral N, but the legume 

can fix N symbiotically if effective strains of Rhizobium are present in the soil. Further 

terracing was rated as the second most used type of soil management strategy in Kabiyet 

division. Zuazo et al., (2005) reported that terraces are successful soil erosion control 

manner in regions endangered by soil erosion by combinations of steep slopes, climatic 

conditions and erodible soils.  This implies that use of terracing could reduce soil erosion 

and enhance maize productivity in the region.  

 

On acquisition of soil management technologies, it emerged therefore that most of the 

farmers acquired soil management technologies from agricultural extension officers and 

field days organized by these officers. Since extension is a process of getting useful 

information to farmers to help them acquire knowledge, skills and change of attitude and 

to implement this information effectively; agricultural extension officers therefore, 

should be competent in using variety of teaching methods as a tool in training farmers 

(Tiraieyari et al., 2010). Okunade (2007) contended that extension agents must have 

adequate knowledge of the characteristics of each of the extension teaching methods as 

well as know the characteristics of the farmers in the process of technology transfer.  

 

This study findings concurs with those of Adolwa et al., (2010), Matata et al., (2008) and 

Bationo et al., (2004) who reported that in order to create awareness on Integrated soil 

fertility management (ISFM) practices, dissemination of knowledge and information 

should be done through regular trainings using workshops, demonstrations, seminars, 

field days and short exchange visits. Training overcomes constraints through providing 

appropriate knowledge and new skills (Wegulo et al., 2009) and thus providing an 
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understanding of what a technology entails and facilitates its efficient adoption and 

utilization. 

 

On social groups that are more involved in the acquisition and use of the farm 

technologies, it emerged that men and youths were more involved than women in the 

acquisition and use of the farm technologies. However, most studies done show that 

membership to social group influences positively the acquisition of agricultural 

production technologies (Ajagbe, 2012; Wayo, 2002). 

 

5.3 Gender Roles that Influence the Choice of Soil Fertility Management 

Technologies in Maize Production 

The study further showed that women were disadvantaged in land ownership and 

therefore any decisions made on soil fertility management technologies for maize 

production tended to be made by men. This is consistent with the findings of 

Quisumbing, (1995) who reported that female farmers may have minimal access to land 

and own fewer tools and are less likely to adopt new technologies. Furthermore, Kassie et 

al, (2009) noted that technological adoption decisions can also be significantly influenced 

by land rights and the future security of tenure among farmers. 

On decision makers in technologies used in maize production, the study findings showed 

that majority of the respondents (70.5%) believed that men were the decision makers in 

the implementation of maize production technologies. Adoption of maize production 

technologies is one important component within the innovation-decision process (Rogers, 

1995). It seems therefore that decision making on maize production in Kabiyet Division 

is vested mostly on men. This supports the findings of Wekesa, et al.,(2003) who found 
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out that generally decision-making was purely a man‟s responsibility in the Mijikenda 

community. However, there is some consultation among households members before 

final decisions are made. On the other hand, women (or any other responsible member of 

non-Mijikenda household) could make decisions in the absence of the man. In female-

headed households women make all the decisions. 

 

5.4 Socio-Economic Characteristics that Influence the Choice of Technologies in 

Maize Production Systems 

The study further sought to evaluate the socio-economic characteristics that influence the 

choice of technologies in maize production systems in Kabiyet Division. The study found 

out that men and youth contribute a larger percentage of labour for land tillage in maize 

production. This pointed out that women have access to land but are not so much 

involved in tilling for maize production purposes. This is in line with Swiss Agency for 

Development and Cooperation (SDC) (2015) report which indicated that women had 

access but not control over new post-harvest technologies in maize production in Nakuru, 

Naivasha and Embu Districts. World Development Report (World Bank 2007), pointed 

out that farming is a key pathway out of poverty for women and that women‟s prospects 

for taking this path improve when they have better access to resources. Because of their 

limited access to essential production resources, such as land, labor, and inputs, women‟s 

role in crop agriculture is often restricted to producing subsistence food crops with low 

potential to generate income. The prospects for women to expand their incomes through 

alternatives such as seasonal migration or labor markets outside agriculture are limited. 

Women‟s mobility is usually more constrained by social and cultural norms, and women 

play a central role in raising and caring for children. 
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In addition, men were found to be the dominant group in Technology adoption for maize 

production in the study area.  While technological implications of the different spheres of 

operation exist, logically, one can assume from these gender differences that the 

adoption, adaptation, allocation and utilization of the various technologies, are directly 

related to the different activities in the production cycle (Wekesa, et al., 2003). 

 

The study indicated that primary occupation, annual income and farmers‟ participation in 

agricultural project activities were found to be the prime factors influencing the adoption 

of soil fertility management technologies for maize production in Nandi County.  Studies 

by Ouma et al., (2002) found out that variables such as age and education of household 

head, farm size, credit and education were not associated to adoption of agricultural 

technologies.  However, Weir and Knight (2000) found out that, in Ethiopia, household-

level education affects whether a farmer is an early or late adopter, but is less important 

in determining whether or not the farmer ever uses fertilizer.  

 

The study finding supports an earlier research by Friis-Hansen and Duveskog (2012) 

which found out that income had a positive and significant relationship with adoption of 

agricultural technologies. Furthermore, Davis et al. (2012) showed that group members 

had no significantly higher crops yields than nonmembers in Uganda, while in both 

Kenya and Tanzania, group members had recorded significant higher yields and 

household incomes. This study showed that being a member of a particular agricultural 

group influenced the adoption of soil management technologies for maize production.  
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Further, Mwaura (2014) farmers who had access to extension and credit services reported 

higher yields of maize due to adoption of agricultural technologies.  

 

5.5 Strategies Used by Farmers in Enhancing Soil Fertility Management 

Technologies 

Soil fertility is declining as demonstrated by studies on farmers‟ perceptions of soil 

fertility change, nutrient balances and on-station fertilizer trails (Rubaihayo 2006; 

Wortmann, et al. 2006). In this study, it was found out that majority (69.5%) of the 

farmers were able to develop various strategies aimed at conserving soil for better maize 

production. Demeke (2003) reported farmers‟ access to training will increase the 

probability of retaining erosion-controlling structures.  

 

Furthermore, farmers‟ field day was found to be the most used method by farmers in 

obtaining information on available technologies on soil management. The Farmer Field 

School (FFS) is a participatory approach that uses non-formal adult education methods 

based on experimental/discovery learning techniques and participatory training. Initiating 

farmers‟ field days will also improve on the adoption of various technologies for better 

agricultural productivity. According to Rogers (1995) the technology is passed from its 

source to the end users through a medium for example news media, opinion leaders, on-

farm or on-station demonstrations, farmers‟ field days and its diffusion to potential users 

is dependent to a great extent on the personal attributes of the individual user. 

 

Use of soil sampling and analysis, mixed cropping and early planting were the most 

commonly used strategies in enhancing soil fertility management technologies while the 
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least used technologies  was use of zero tillage. This depended on several factors which 

are associated with the farmer characteristics, availability of technologies and the cost of 

technologies adopted. Soil sampling and analysis helps farmers in determining the rate 

and types of fertilizers to be applied. Studies show that integration of inorganic and 

organic nutrient inputs is a better option to increasing fertilizer use efficiency and 

providing a more balanced supply of nutrients (Gachengo et al. 1999 and Nziguheba et 

al. 2004). This implies that use of fertilizers for maize production improves its 

productivity.  

 

Crop rotation has been associated with the prevention of soil erosion as cited by Nepal 

and Thapa (2009), who found in his studies that farmers with larger farms were able to 

practice crop rotation hence prevent soil erosion. Further as a mitigation measure to soil 

depletion, according to Ochieng et al., (2012) the Ministry of Agriculture through 

extension officers have been educating maize farmers on the importance of crop rotation. 

Crop rotations, reduced tillage, cover cropping, fallow periods, manuring and balanced 

fertilizer application can help maintain and restore soil fertility. This findings further 

supports those of Mafongoya et al., (2005) who found out that the most common soil 

management practices applied in most countries in Sub-Saharan Africa include use of 

micro-doses of fertilizers, use of organic nitrogen sources and use of intercrop system.  

On sloping land, anti-erosion measures are necessary to conserve the fertile topsoil and 

sustain long-term crop productivity. Without such measures, soils will degrade and 

become unproductive. One technique often promoted is progressive terracing using 

Calliandra calothyrsus hedgerows combined with earth embankments whereby the soil is 

deposited above a furrow dug along the contour. However, these measures often have 
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few short-term benefits and reduce the area available for cropping. In addition, 

hedgerows may compete with the crops, and earth embankments may bring up less fertile 

subsoil.  

 



75 
 

CHAPTER SIX  

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Introduction 

The chapter highlights the conclusions and recommendations of the study as per the four 

objectives of the study.  

 

6.2 Conclusions  

The study concluded that intercropping and terracing were the most commonly used soil 

management strategies that enhanced maize production in Kabiyet Division where maize 

and legumes (beans) were mostly intercropped. Terraces are successful soil erosion 

control manner in regions endangered by soil erosion by combinations of steep slopes, 

climatic conditions and erodible soils. 

 

Most of the farmers acquired soil management technologies from agricultural extension 

officers and field days organized by these officers. Since extension is a process of getting 

useful information to farmers to help them acquire knowledge, skills and change of 

attitude and to implement this information effectively; agricultural extension officers 

therefore, should be competent in using variety of teaching methods as a tool in training. 

 

On decision makers in technologies used in maize production, the study concluded that 

men were the decision makers in the implementation of maize production technologies.  

On social groups that are more involved in the acquisition and use of the farm 

technologies, it was concluded that men and youths were more involved than women in 

the acquisition and use of the farm technologies.  
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The study further concluded that men and youth contributed a larger percentage of labour 

for land tillage in maize production. This pointed out that women have access to land but 

are not so much involved in tilling for maize production purposes. In addition, men were 

found to be the dominant group in Technology adoption for maize production in the study 

area.   

 

Farmers‟ Primary occupation, annual income and farmers‟ participation in agricultural 

project activities are the prime factors influencing the adoption of soil fertility 

management technologies for maize production in Nandi County.   

 

Furthermore, farmers‟ field day was found to be the most used method by farmers in 

obtaining information on available technologies on soil management. Moreover, use of 

soil sampling and analysis, mixed cropping and early planting were the most commonly 

used strategies in enhancing soil fertility management technologies while the least used 

technologies were use of zero tillage. This depended on several factors which were 

associated with the farmer characteristics, availability of technologies and the cost of 

technologies adopted. Soil sampling and analysis helps farmers in determining the rate 

and types of fertilizers to be applied.  

 

6.3 Recommendations 

The following are the recommendations of this study;  
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Men were found to be the major decision makers in the implementation of maize 

production technologies.  Therefore, there is need for the women and the youth to be 

more involved in the acquisition of soil management technologies for maize production.  

 

There is need for agricultural field days to be organized by both the County and the 

National governments more frequently in the study area especially during the land 

preparation stages. This will enable maize farmers to obtain current soil management 

technologies such as conservation agriculture, zero tillage, use of varieties of herbicides 

and use of cover crops for maize production since only intercropping and terracing were 

the most commonly used technologies in the area. 

 

Soil sampling equipment and soil analysis laboratories need to be availed to farmers in 

order for them understand soil nutrients in their farms which are important for maize 

crop. This will help farmers further in understanding rate and type of fertilizer use in their 

farms thus increasing maize production.  

 

6.4 Suggestions for Further Studies 

i. The researcher recommends that similar studies be carried out in other regions 

where farmers engage in maize production in the country to allow for the 

generalization of the study findings. 

ii. There is need for a study on the effectiveness of the current soil management 

technologies in order to recommend to farmers an efficient technology which is 

cost effective.  

 



78 
 

REFERENCES 

Abunyewa, A. A. & Mercer-Quarshie, H. (2004).  Response of maize to magnesium and 

zinc application in the semi-arid zone of West Africa. Asian J. Plant Sci., 3, 1–5. 

 

ACT (2008). Linking Production, Livelihoods and Conservation.  Proceedings of the 

Third World Congress on Conservation Agriculture, African Conservation Tillage 

Network 3 -7 October 2005, Nairobi, Kenya. pp. 45 –76. 

 

Addo-Quaye, A. A., Darkwa, A. A. & Ocloo, G.K. (2011). Yield and productivity of 

component crops in a maize-soybean intercropping system as affected by time of 

planting and spatial arrangement. Journal of Agricultural and Biological Science 

6(9), 50-57. 

 

Adesiina, A.A. & Baidu-Forson, J. (1995). Farmers‟ perceptions and adoption of new 

agricultural technology: Evidence from analysis in Burkina Faso and Guinea, 

West Africa. Journal of Agricultural Economics, 13, 1-9. 

 

Adolwa, I.S., Esilaba, A.O., Okoth, P. & Mulwa, M.R. (2010). Factors influencing 

uptake of integrated soil fertility management knowledge among smallholder 

farmers in western Kenya. 12th KARI Biennial Scientific Conference: 

Transforming agriculture for improved livelihoods through agricultural product 

value chains. KARI headquarters. Pp 1146-1152. 

 

Ajagbe F. A., (2012). Analysis of Access to and Demand for Credit by Small Scale 

Entrepreneurs. Journal of Emerging Trends in Economics and Management 

Sciences (JETEMS) 3(3), 180-183 

 

Ajayi, O.C., (2007). User acceptability of soil fertility management technologies: Lessons 

from farmers‟ knowledge, attitude and practices in southern Africa.  Journal of 

Sustainable Agriculture 30(3): 21– 40. 

 

Ajayi, O.C., Franzel, S., Kuntashula, E., & Kwesiga, F. (2003). Adoption of improved 

fallow soil fertility management practices in Zambia: Synthesis and emerging 

issues.  Agroforestry Systems, 59(3): 317–326. 

 

Ajayi, O.C., & Kwesiga, F., (2003). Implications of local policies and institutions on the 

adoption of improved fallows in eastern Zambia. Agroforestry Systems, 59(3): 

327–336. 

 

Anríquez, D.S, & Erdgin M. (2013), “Rising food prices and undernourishment: A cross-

country inquiry,” Food Policy, 38:190–202.  

 

Baidu-Forson, J. (1999). Factors influencing adoption of land-enhancing technology in 

the Sahel: Lessons from a case study in Niger. Journal of Agricultural Economics, 

20, 231-239. 



79 
 

Barret, C. (2001). “Does Food Aid Stabilize Food Availability?” Economic Development 

and Cultural Change , Vol.49: 335-349. 

 

Bationo, A., Kimetu , J., Ikeera, S., Kimani, S., Mugendi, D., Odendo, M., Silver, M., 

Swift, M.J. & Sanginga, N. (2004). The African network for soil biology and 

fertility: new challenges and opportunities. In: Bationo A (ed) Managing nutrient 

cycles to sustain soil fertility in sub-Saharan Africa. Academy Science Publishers 

and Tropical soil Biology and Fertility Institute of CIAT, Nairobi, pp 1–23 

 

Bertuglia, A., & Calatrava-Requena, J. (2006). Factors Related to the Adoption of Good 

Agrarian Practices (GAP) in Plastic Covered Horticulture of Southeastern Spain. 

In 2006 Annual Meeting, August 12-18, 2006, Queensland, Australia (No. 

25545). International Association of Agricultural Economists. 

 

Bini, C. (2009). Soil: A precious natural resource. In Conservation of Natural Resources; 

Kudrow, N.J., Ed.; Nova Science Publishers: Hauppauge, NY, USA, pp. 1–48. 

 

Boahene, K., Snijders, T.A.B. & Folmer, H. (1999). An integrated socio-economic 

analysis of innovation adoption: The case of Hybrid Cocoa in Ghana. Journal of 

Policy Modeling, 21(2), 167-184. 

 

Boivin, P., Schäffer, B., & Sturny, W (2009).Quantifying the relationship between soil 

organic carbon and soil physical properties using shrinkage modelling. European 

Journal of Soil Science.60, 265-275.  

 

Boody, G., Vondracek, B., Andow, D. A., Krinke, M., Westra, J., Zimmerman, J., & 

Welle, P. (2005). Multifunctional agriculture in the United States. BioScience, 

55.1: 27-38. 

 

Brown D., Shepherd, K.D., & Walsh, M.G. (2005). Global soil characterization with 

VNIR diffuse reflectance spectroscopy. Geoderma  

 

Cheryll, R, Doss, M & Morris, M (2000). How Does Gender Affect the Adoption of 

Agricultural Innovations? The case of Improved Maize Technology in Ghana. 

Agricultural Economics, Vol. 7:267- 287. 

 

Chu, G.X., Shen, Q.R. & Cao, J. L. (2004). Nitrogen fixation and N transfer from peanut 

to rice cultivated in aerobic soil in intercropping system and its effect on soil N-

fertility. Plant and Soil 263,17–27. 

 

Conley, T.G., & Udry, C.R., (2003). Learning About a New Technology: Pineapple in 

Ghana. Unpublished Paper. Yale University, Economic Growth Center.  

 

Daku, L. (2002). Assessing farm-level and aggregate economic impacts of olive 

integrated pest management programs in Albania. PhD. Dissertation, Virginia 

Polytechnic Institute and State University, David, Lynne Riener Publishers. 

 



80 
 

Davis, K., Nkonya, E., Kato, E., Mekonnen, D.A., Odendo, M., Miiro, R. & Nkuba, J. 

(2012). Impact of farmer field schools on agricultural productivity and poverty in 

East Africa. World Development 40 (2):402-413. 

 

Delve, R.J. (2004). Combating nutrient depletion in East Africa – the work of the SWNM 

program. In: Bationo, A. (ed.) 2004. Managing nutrient cycles to sustain soil 

fertility in sub-Saharan Africa. Nairobi: Academy Science Publishers in 

Association with Tropical Soil Biology and Fertility Institute of CIAT. 

 

Demeke, A. B (2003). Factors influencing the adoption of soil Conservation Practices in 

Northwestern Ethiopia. Discussion Paper 

 

Dill, G. M., CaJacob, C. A., & Padgette, S. R. (2008). Glyphosate‐resistant crops: 
adoption, use and future considerations. Pest management science, 64.4: 326-331. 

 

Donovan, G., & Casey, F. (1998). Soil fertility management in Sub-Saharan Africa. 

World Bank Technical Paper No. 408. World Bank. Washington, D.C.  

 

Doss, C. R & Morris, M. L. (2007). How does gender affect the adoption of agricultural 

innovation? The case of improved maize technologies in Ghana. Journal of 

Agricultural Economics, 25, 27-39. 

 

Doss, C. R. & Morris, M. L., (2001). “How Does Gender Affect the Adoption of 

Agricultural Innovations? The Case of Improved Maize Technology in Ghana.” 

Agricultural Economics 25: 27-39. 

 

Doss, C.R. (1999). Twenty-five Years of Research on Women Farmers in Africa: Lessons 

and Implications for Agricultural Research Institutions; with an Annotated 

Bibliography. CIMMYT Economics Program Paper No. 00-02. Mexico, D.F.: 

CIMMYT.  

 

Egbe, O.M. (2010). Effects of plant density of intercropped soybean with tall sorghum on 

competitive ability of soybean and economic yield at Otobi, Benue State, Nigeria. 

Journal of Cereals and Oilseeds 1(1):1 – 10. 

 

FAO (2008). The state of food insecurity in the world 2008. Food and Agricultural 

Organisation of the United Nations. Available at: ftp://ftp.fao.org/ docrep/fao/ 

011/i291e/ i0291e00.pdf. 

 

FAO (Food and Agriculture Organization of the United Nations). (1996). Soil fertility 

initiative. Rome: FAO. 

 

FAO. (2000). Land Resource Potential and Constraints at Regional and Country Levels, 

World Soil Resources Report. Rome, Italy: Food and Agricultural Organization. 

114 pp. 

 



81 
 

FAO. (2010). Food and Agriculture Organization of the United Nations Economic and 

Social Development Department Global Hunger Declining, but Still 

Unacceptably high, September 2010. 

 

Flinton, F. (2003). Engendering Eden. Vol 1: Women, gender and ICDPs: Lessons learnt 

and ways forward. IIED Wildlife and Development Series 16. London: 

International Institute for Environment and Development.  

 

Foster, A.D., Rosenzweig, M.R., (1995). Learning by Doing and Learning from Others: 

Human Capital and Technical Change in Agriculture. The Journal of Political 

Economy 103 (6) 1176-1209.  

 

Franzel, S., Phiri, D. & Kwesiga, F., (2002). Assessing the adoption potential of 

improved fallows in eastern Zambia. In: Franzel, S., Scherr, S.J. (Eds.), Trees on 

the Farm: Assessing the Adoption Potential of Agroforestry Practices in Africa. 

CAB International, Wallingford, UK, pp. 37– 64. 

 

Freeman, H. A, & Omiti, J. M (2003). Fertilizer use in semi-arid areas of  Kenya: 

analysis of smallholder farmers‟ adoption behaviour under  liberalized markets. 

Nutr. Cycl. Agroecosyst. 66: 23-31.  

 

Friis-Hansen, E. & Duveskog, D. 2012. The empowerment route to well-being: an 

analysis of farmer field schools in East Africa. World Development 40(2):414-

427. 

 

Gabre-Madhin, E.Z. & Haggblade, S., (2004). Successes in African agriculture: Results 

of an expert survey. World Development, 32(5): 745 –766. 

 

Gachene, C.K & Kimaru, G. (2003). Soil fertility and land productivity. Technical 

handbook no. 30.Nairobi: Regional Land Management Unit (RELMA).  

 

Gachengo, C.N., Palm, C.A., Jama, B., & Othieno, C. (1999). Tithonia and Senna green 

manure and inorganic fertilizers as phosphorus source for maize in western Kenya. 

Nairobi: Academy Science Publishers (ASP) in association with TSBF. 

 

Gilbert, R. A., Komwa M.K, Benson, T. D, & Sakala W D (2002).Comparison of best-bet 

soil fertility technologies for maize grown by Malawian smallholders.A Research 

Report of the Results of the Nationwide 1998/99 and 1999/2000 on-Farm 

Cropping System Verification Trial. 

 

Giller, K. E.(2013). Can we define the term ‟farming systems‟? A question of scale, 

Outlook Agric., 42, 149–153. 

 

Gomez, M & Tran, D.H (2012).Women’s land and property rights and the post-2015 

development agenda: Addressing inequalities, The  Heart of the Post-2015 

Development Agenda and the Future We Want for All. Global Thematic 

Consultation. 



82 
 

Government of Kenya Ministry of Finance and Planning. (2001). Poverty reduction 

strategy paper, 2001–2004. Nairobi: Government Printer. 

 

Government of Kenya. (1994). Session paper, number 2 of 1994 on national food policy. 

Nairobi: Government Printer. 

 

Guerra, A., Marcal, M., Polivanov, H., Lima, N., Souza, U., Feitosa, A., Davies, K., 

Fullen, M.A., & Booth, C.A.(2005).  Environment management and health risks 

of soil erosion gullies in São Luíz (Brazil) and their potential remediation using 

palm-leaf geotextiles. In Environmental Health Risk II; WIT Press: Southampton, 

UK, pp. 459–467. 

 

Gunderson, L.H., & Pritchard Jr, L.P., (2002). Resilience and the behaviour of large-

scale systems. SCOPE 60., Washington, DC: Island Press.  

 

Harper, J. K., Rister, M. E., Mjelde, J. W., Drees, B. M. & Way, M. O. (1990). Factors 

influencing the adoption of insect management technology. American Journal of 

Agricultural Economics, 72(4), 997-1005. 

 

IFPRI, (2007). Soil Degradation: A Threat to Developing Country Food  Security by 

2020 (Food, Agriculture and the Environment Discussion Paper No. 27). W 

ashington D.C: IFPRI, S. J. International  Master‟s Programme in Environmental 

Science (LUMES) Lund University, Sweden. Retrieved 17/11/2013 from 

www.thinkgeography.org.uk. 

 

International Food Policy Research Institute, (2002,). Agricultural Technology Diffusion 

and Price Policy. 2020 Vision Network for East Africa. 

 

Jama, B., Palm. C.A., Buresh, R.J., Niang, A., Gachengo, C., Nziguheba, G. & Amadalo, 

B. (2000). Tithonia diversifolia as a green manure for soil fertility improvement in 

western Kenya: a review. Agroforestry Systems 49: 201-221. 

 

Kaitano, V (2009). Gender and diversity issues relating to cassava production and 

processing in Malawi. Unpublished report. 

 

Kakooza, J., Kinene, B.  & Kabasimba, E. (2004). Integrating Gender in Agricultural 

Extension for Sustainable Agriculture and Soil Management: A Case Study of 

Kayunga District, Uganda. Unpublished thesis.  

 

KARI (Kenya Agricultural Research Institute). (2008). Institutionalising gender in 

agricultural research: Experience from Kenya. Proceedings of gender conference 

held at KARI Headquarters, Nairobi, Kenya. 

 

Kassie, M., Zikhali, P., Manjur, K., & Edwards, S. (2009). Adoption of Organic Farming 

Techniques: Evidence from a Semi-Arid Region of Ethiopia (No. dp-09-01-efd). 

 

http://www.thinkgeography.org.uk/


83 
 

Keith W. D (2008). Agroecology as Participatory Science: Emerging Alternatives 

Technology Transfer Extension Practices. http://www.sagepublications.com. 

 

Kenya Agricultural Research Institute, (2002). Demand-driven Agricultural Research for 

Sustainable National Resource Base, Food Security and Incomes. Proceeding of 

the 8th Biennial Scientific Conference. Nairobi: KARI. 

 

Kherallah, M., & Govindan K. 1999. The sequencing of agricultural market reforms in 

Malawi. Journal of African Economies 8: 125-151. 

 

Kimani, S.K., Mangale, M. Gichuru, C.A. Palm, P. Njuho, & Wamuongo, J. (1998). 

Integrated use and effects of manure with modest application of inorganic 

fertilizers on soil properties and maize production in the central Kenya highlands. 

Report No. 2 to Rockefeller Foundation. 

 

Kimhi, A. (2006). Plot Size and Maize Productivity in Zambia: Is There an Inverse 

Relationship? Agricultural Economics 35: 1–9.  

 

Kipsat, M., Maritim, H. & Okalebo, J. (2004). Economic Analysis of Non-Conventional 

Fertilizers in Vihiga District, Western Kenya. In: Bationo, A. (ed.). Managing 

nutrient cycles to sustain soil fertility in Sub-Saharan Africa. Nairobi: Academy 

Science Publishers in association with the Tropical Soil Biology and Fertility 

Institute of CIAT, p. 535-544. 

 

Knowler, D & Bradshaw B. (2007). Farmers‟ adoption of conservation agriculture: A 

review and  synthesis of recent research. Food Policy 32: 25-48. 

 

Kosarek, J. L., Garcia, P., & Morris, M. L. (2001). Factors explaining the diffusion of 

hybrid maize in Latin America and the Caribbean region. Agricultural Economics, 

26.3: 267- 280. 

 

Koundouri, P., Nauges, C., & Tzouvelekas, V. 2006. Technology adoption under 

production uncertainty: Theory and application to irrigation technology. American 

Journal of Agricultural Economics, 88.3: 657-670. 

 

Kumwenda J.D.T., S.R. Waddington, S.S. Snapp, R.B. Jones & M.J. Blackie. (1995). Soil 

Fertility Management in the smallholder maize-based cropping systems of Africa. 

In:  D. Byerlee and C.K. Eicher (eds.) Sub-Saharan Africa: Technologies, 

Institutions and Policies. 

 

Lal, R. (2009). Soil degradation as a reason for inadequate human nutrition. Food Sec., 1, 

45–57. 

 

Lamb, D.; Erskine, P. & Parrotta, J. (2005). Restoration of degraded tropical forest 

landscapes. Science, 310, 1628–1632. 

 

http://www.sagepublications.com/


84 
 

Langyintuo, A.S. & Mungoma. C. (2008). The Effect of Household Wealth on the 

Adoption of Improved Maize Varieties in Zambia. Food Policy 33: 550-59.  

 

Leon, J.; Osorio, N. (2014). Role of Litter Turnover in Soil Quality in Tropical Degraded 

Lands of Colombia. Sci. World J, 13. 

 

Louis, V., Verchot, F., Keith, D. S. & Jama, B (2007). Science and Technological 

Innovations for Improving Soil Fertility and Management in Africa:  A report for 

the NEPAD Science and Technology Forum. 

 

Lynam JK, Blackie MJ (1994) Building effective agricultural research capacity: the 

African challenge. In: Anderson JR (ed) Agricultural technology: policy issues for 

the international community.CAB International, Wallingford, UK, pp 106–134. 

 

Lynam, J.K., Nandwa, S.M. & Smaling, E.M.A. (1998). Introduction. In Agriculture, 

Ecosystems and  Environment 71: 1-4. 

 

Macharia, J.M., Kimani, S.K. Kimenye, L.N. & Ramisch ,J.J. (2010). Evaluation of the 

Gender and Social Perspectives in Choice and Profitability of Soil Fertility 

Management Technologies for Smallholder Maize Production in Kenya. In 

Natural Resource Management –The Impact of Gender and Social Issues, ed. F. 

Flintan and S. Tedla. Kampala, Nairobi, and Ottawa: Fountain Publisher, 

Organisation for Social Science Research in Eastern and Southern Africa 

(OSSREA), and International Development Research Centre (IDRC). 

 

Mafongoya, P. L., Nair, P. K. R. and Dzowela, B. H. (1997). Multipurpose tree prunings 

as source of nitrogen to maize under semiarid conditions in Zimbabwe 2. 

Nitrogen-recovery rates and crop growth as influenced mixtures and prunings. 

Agroforestry Systems35:47–56. 

 

Mapila, M. A. T. J. (2011). Rural livelihoods and agricultural policy changes in Malawi. 

Agricultural Innovations for Sustainable Development. In: Manners, G.and 

Sweetmore, A., (Editors). Accra-Ghana, CTA and FARA, 3, 190-195. 

 

Matata, P.Z., Ajayil. O.C., Oduol, P.A. & Agumya, A. (2008). Socioeconomic factors 

influencing adoption of improved fallow practices among smallholder farmers in 

western Tanzania. International NGO Journal Vol. 3 (4), pp. 068-073. 

 

Matsa, M, & Muringania, K, (2011). An assessment of the land use and land cover 

changes in Shurugwi District, Midlands Province, Zimbabwe. Ethiop J Environ 

Stud Manag, 4(2):1-8 

 

McNamara, K. T., Wetzstein M. E., & Douce G.K. (1991). Factors affecting peanut 

producer adoption of integrated pest management. Review of Agricultural 

Economics, 13, 129-139. 

 



85 
 

Ministry of Food and Agriculture (2010). Agriculture in Ghana: Facts and figures. 

Government of Ghana Publications, 1-41. 

 

Mucheru-Muna, M., Pypers, P., Mugendi, D., Kung‟u J., Mugwe, J., Merckx R. & 

Vanlauwe, B. (2010). Staggered maize–legume intercrop arrangement robustly 

increases crop yields and economic returns in the highlands of Central Kenya. 

Field Crops Research 115: 132–139. 

 

Mugenda, M. O. & Mugenda, G.A. (2003). Research Methods: Quantitative and 

Qualitative Approaches. Nairobi: African Centre for Technology Studies. 

 

Mugwe, J., Mugendi, D., Mucheru-Muna, M., Merckx, R., Chianu, J. & Vanlauwe, B. 

(2009). Determinants of the decision to adopt integrated soil fertility management 

practices by smallholder farmers in the Central highlands of Kenya. Experimental 

Agriculture 45:61–75.  

 

Mulugeta, E. Belay & Dadi, L. (2001). “Determinants of Adoption of Physical Soil 

Conservation Measures in Central Highlands of Ethiopia. The Case of Three  

Districts of North Shewa”. Journal of Agricultural Economics  

 

Mureithi, M.F., Okuro,O. J., Verkuij, H., Mwangi, W., Groote, H., & Gethi, M. (2002). 

An Assessment of Factors Affecting Adoption of Maize Production Technologies 

in Embu District, Kenya. Research Paper, KARI Scientific Conference, Nairobi. 

Nairobi. 

 

Mutiro, K. & Murwira, H. (2004). The profitability of manure use on maize in the 

smallholder sector of Zimbabwe. In: Bationo, A. (ed.). Managing nutrient cycles to 

sustain soil fertility in Sub-Saharan Africa. Nairobi: Academy Science Publishers 

in association with the Tropical Soil Biology and Fertility Institute of CIAT, p. 571-

582. 

 

Mwangi, J.N. (1997). Effect of soil incorporated leaf prunings on soil productivity in 

alley and sole cropping systems using Leucaena leucocephala (Lam) de Wit and 

Calliandra calothyrsus Meissn. M. Phil. thesis, Moi Univ., Eldoret, Kenya. 

 

Mwaura, J. M, (2010). An Assessment of Community Adaptation Strategies to the Impacts 

of Climate Change on Transboundary W ater: A Case Study of Katuk-Kapsitii 

Microcatchment, River Nyando Basin, and Lake Victoria Region. KARI –Western 

Kenya Integrated Ecosystem Management Project. 

 

National Agriculture Research Organization (NARO) (2007). A report on Integrated Soil 

Fertility Management Technologies Practices. Kampala, Uganda. 

 

Ndiema, A.C, Kinyua, M.G & Kamundia, W. (2002). Technology Awareness and 

Farmers’ Perception of Wheat Production Technologies: Case Study in Njoro and 

Rongai Divisions”. Paper Presented in KARI 8th Biennial Scientific Conference: 

Nairobi. 



86 
 

NEPAD, (2003). Comprehensive African Agriculture Development Programme. New 

Partnership for African Development (NEPAD).http://www.nepad.org. 

 

Nepal, G. & Thapa G. B. (2009). Determinants of Agricultural Commercialization and 

Mechanization in the Hinterland of a City in Nepal. Applied Geography. 29, 

377-389. 

 

Neuman, W.L. (2000). Social Research Methods: Qualitative and Quantitative 

Approaches. 4
th

 edition. Boston MA: Allyn and Bacon. 

 

Ng‟ong‟ola, D.H., Kachule, R.N. & Kabambe. P.H.  (1997). The maize, fertilizer and 

seed markets  in Malawi. Report submitted to the International Food Policy 

Research Institute (IFPRI).  

 

Nin, A., Arndt, C., & Precktel, P. (2003). Is agricultural productivity in developing 

countries really shrinking? New evidence using a modified nonparametric 

approach. Journal of Development Economics, 71, 395-415. 

 

Nkonya, E, Pender J, Kaizzi KC, Kato E, Mugarura, S, Ssali H, & Muwonge J, (2008). 

Linkages between land management, land degradation and poverty in Sub-

Saharan Africa. International Food  Policy Research Institute (IFPRI) Series No. 

159. 

 

NKonya, E., Schroeder, T., & Norman, D. (1997). Factors affecting adoption of 

improved maize seed and fertiliser in northern Tanzania. Journal of Agricultural 

Economics, 48.1.3: 1-12. 

 

Noordwijk, M. van., Cadisch, G., & Ong, C.K. (2004). Below-ground interactions in 

tropical agorecosystems: concepts and models with multiple plant components. 

Wallingford: CAB International.  

 

Nuti, R. C., M. C. & Lamb, C. (2009). "Agronomic and economic response to furrow 

diking tillage in irrigated and non-irrigated cotton (Gossypium hirsutum L.)." 

Agricultural Water Management 96(7): 1078-1084.  

 

Nziguheba, G., Merckx, R., Palm, C.A. & Mutuo, P.K. (2004). Combined use of Tithonia 

diversifolia and inorganic fertilizers for improving maize production in a 

phosphorus deficient soil in western Kenya. In: Bationo, A. (2004) (ed.). Managing 

nutrient cycles to sustain soil fertility in sub-Saharan Africa. Nairobi: Academy 

Science Publishers in Association with Tropical Soil Biology and Fertility Institute 

of CIAT, p. 329-345. 

 

Obadoni, B.O., Mensah, J.K. & Emua, S.A. (2010). Productivity of intercropping systems 

using Amaranthus cruentus L. and Abelmoschus esculentus (Moench) in Edo 

State, Nigeria. World Rural Observations 2010, 2(2). http:// www. 

sciencepub.net/rural. 

 



87 
 

Ochieng, J., Wangai, A., Miyogo, S., Karanja, T., Oduor, H. & Kimani, E., (2012). Status 

of Maize Lethal Necrosis Disease and General Maize Performance. Ministry of 

Agriculture of Kenya. 

 

Okoboi, G, Muwanga, J  & Mwebaze, J (2012).  Use of improved inputs and its effect on 

maize yield and profit in Uganda. African Journal of food, agriculture, nutrition 

and development 12(7) 6931-6944.  

 

Okoth, S.A. & Siameto, E. (2011). Evaluation of selected soil fertility management 

interventions for suppression of Fusarium spp. in a maize and beans intercrop. 

Tropical and Subtropical Agroecosystems 13, 73 - 80. 

 

Okunade, E.O. (2007). Effectiveness of Extension Teaching Methods in Acquiring 

Knowledge, Skill and Attitude by Women Farmers in Osun State. Journal of 

Applied Sciences Research, 3(4): 282-286. 

 

Oldeman, L. R. (1994). Global extent of soil degradation. In Soil Resilience and 

Sustainable Land Use (eds D.J Greenland and I. Szaboles), p.99-118. CAB 

international, Wallingford.   

 

Osman A.N., Ræbild, A., Christiansen, J.L. & Bayala, J. (2011). Performance of cowpea 

(Vigna unguiculata) and Pearl Millet (Pennisetum glaucum) Intercropped under 

Parkia biglobosa in an Agroforestry System in Burkina Faso. African Journal of 

Agricultural Research 6(4), 882-891. 

 

Ouma, J., Mureithi, F., Mwangi, W. & Groote, H. (2002). Adoption of Maize Seed and 

Fertilizer Technologies in Embu District, Kenya. Mexico: D.F., CIMMYT. 

 

Overfield, D. & Fleming E. (2001). A note on the influence of gender relations on the 

technical efficiency of smallholder coffee production in Papua New Guinea. 

Journal of Agricultural Economics, 153-156. 

 

Palmer- Felgate, E. J., Jarvie, H. P., W ithers,  P. J. A, Mortimer , R. JG, Krom, M. D, & 

Michael, D, (2009). Stream-bed phosphorus in paired catchments with different 

agricultural land use intensity. Agric Ecosyst Environ, 134:1- 2. 

 

Pasteur, K. (2002). Gender Analysis for Sustainable Livelihoods  Frameworks, tools and 

links to other sources. Unpublished paper.  

 

Pelletier, D. L (1994). The relationship betweenchild anthropometry and mortality in 

developing countries: implications for policy, programs and future research. 

Journal of Nutrition, 124(Suppl. 10):2047S−2081S.  

 

Pender, J., Ssewanyana S, Kato E, Nkonya E, (2004). Linkages between poverty and land 

management in rural Uganda: Evidence from the Uganda National Household  

Survey, 1999/2000; Environment and Production Technology Division Discussion 

Paper 122. Washington, D.C.: International Food Policy Research Institute. 



88 
 

 

Phiri, M.A. R., Geoffrey C., Kabuli, A. Kapunda, C., Kumwenda, I., Mundia, D. & 

Nakhumwa T.O. (2005). Soil fertility management in Malawi and Zambia - lessons 

learnt: past, present and future. A draft regional synthesis report of the Economic, 

Markets and Policy Working Group of the Soil Fertility Consortium for Southern 

Africa (SOFECSA), Harare: CIMMYT. 

 

Pretty, J., Toulmin, C., & Williams, S. (2011). Sustainable intensification in African 

agriculture, Int. J. Agric. Sustain., 9, 5–24. 

 

Quisumbing, A.R. & Pandolfelli, L. (2010). Promising Approaches to Address the Needs 

of Poor Female Farmers: Resources, Constraints, and Interventions. World 

Development 38.4: 581-92.  

 

Quisumbing, R. (1995). Gender Differences in Agricultural productivity: Survey of 

Empirical Evidence: International food policy research institute Washington, 

D.C.20036-3006 U.S.A. 

 

Ransom, J.K, Paudyal, K. & Adhikar,I. K. (2003). Adoption of Improved Maize Varieties 

in the Hills of Nepal. Journal of Agricultural Economics, Vol. 29: pp 299- 305. 

 

Rees, D., Momanyi, M., Wekundah, J., Ndungu, F., Odondi, J., Oyure, A. O. & 

Joldersma, R. (2000). Agricultural knowledge and information systems in Kenya: 

implications for technology dissemination and development. London: Overseas 

Development Institute. 

 

Rees, R.M. Ball, B.C., Campbell, C.D., & Watson C.A. (2001). Sustainable management 

of soil organic matter. Wallingford: CAB International.  

 

Republic of Kenya (2005). Economic Survey 2005. Government Printer, Nairobi. 

 

Ricker-Gilbert, J., Jayne, T.S. & Chirwa, E. (2011). Subsidies and Crowding Out: A 

Double-Hurdle Model of Fertilizer Demand in Malawi. American Journal of 

Agricultural Economics 93.1: 26-42.  

 

Rogers, E. M. (1995). Diffusion of Innovations. 4
th

 edn. New York: The Free Press. 

 

Rubaihayo, R. P (2006). Enhancing Networking in Soil and Water Management, 

Kampala, Uganda. 

 

Rusike, J., Kabambe, V., Nyagumbo, I., Musanya, J. & Alage, A. (2005). Review of 

alternative approaches for integrated soil fertility management technology 

research and development, dissemination and scaling out and up: Malawi, 

Mozambique, Zambia and Zimbabwe: a draft regional synthesis report of the 

technology transfer and scaling-up working group of the Soil Fertility Consortium 

for Southern Africa (SOFECSA). Harare: CIMMYT. 

 



89 
 

Salasya, B., Mwangi, W., Mwabu, D. & Diallo, A. (2007). Factors Influencing Adoption 

of Stress-Tolerant Maize Hybrid (WH 502) in Western Kenya. African Journal of 

Agricultural Research 2.10: 544-51.  

 

Sanchez, P.A. & Jama, B.A. (2002). Soil fertility replenishment takes off in East and 

Southern  Africa.In: Vanlauwe, B., Diels, J., Sanginga, N., Mercks, R. 2002. 

Integrated plant nutrient management in sub-Saharan Africa: from concept to 

practice.Wallingford: CABI, p. 23-45.  

 

Sanchez, P.A., (2002). Soil fertility and hunger in Africa.  Science, 295: 2019 –2020. 

 

Sanginga, N., Dashiell, K., Diels, J., Vanlauwe, B., Lyasse, O., Carsky, R. J., Tarawali, 

S., Asafo-Adjei, B., Menkir, A., Schulz, S., Singh, B. B., Chikoye, D., Keatinge, 

D., & Rodomiro, O. (2003). Sustainable resource management coupled to resilient 

germplasm to provide new intensive cereal–grain legume– livestock systems in 

the dry savanna, Agric. Ecosyst. Environ., 100, 305–314. 

 

Scherr, S.J. (2001). The future food security and economic consequences of soil 

degradation in the developing world. In Response to Land Degradation; Oxford 

Press: New Delhi, India, 2001; pp. 155–170. 

 

Schroth, G. & Sinclair, F.L. (eds.). (2003). Trees, crops and soil fertility concepts and 

research methods. Wallingford: CAB International.  

 

Scoones,  I., Toulmin, C. (1999). Policies for soil fertility management in Africa. A report 

prepared DfID by IDS/IIED, United Kingdom. 

 

Sen, A (1995). Gender inequality and theories of justice. In  Women, Culture and 

Development: A Study of Human Capabilities, edited by M. Nussbaum and J. 

Glover. Oxford: Clarendon Press.  

 

Shetto, R. & Owenya, M. (2007). Conservation Agriculture as Practised in Tanzania: 

three Case Studies. Nairobi. African Conservation Tillage Network, Centre de 

Coopération Internationale de Recherche Agronomique pour le Développement, 

Food and Agriculture Organization of the United Nations, Rome, Italy. 146pp. 

 

Sjors, A. B, (2001). Erosion History of Ragen and Nyalunya Area Nyando District, 

Kenya. Sweden: Uppsala University. 

 

Smaling, E.M.A., Nandwa, S.M., & Janssen, B.H., (1997). Soil fertility in Africa is at 

stake. In: Buresh, R.J., Sanchez, P.A., Calhoun, F. (Eds.) Replenishing Soil 

Fertility in Africa.  SSSA special publication, 51: 47–62. 

 

Soil Science Society of America. [SSSA]  (2001). Sustaining soil fertility in West Africa. 

Soil Science  Society of America Special Publication no. 58.  

 



90 
 

Ssekabembe, C. (2005). Studies on Intercropping Sorghum with Finger Millet with 

Emphasis on Genotype Identification and Mixture Proportion. Master of science 

Thesis, Makerere University, Kampala, Uganda, pp.142. 

 

Swiss Agency for Development and Cooperation (SDC) (2015). Gender Analysis of 

Maize Post-Harvest Management in Kenya: A Case Study of Nakuru, Naivasha 

and Embu Districts. Swiss Cooperation Office Southern Africa. 

 

Tabo, R., Bationo, A., Gerard, B., Ndjeunga, J, Marchal, D., Amadou, B., Annou, G., 

Sogodogo, D., Taonda, J. B. S., Hassane O., Maimouna K. Diallo & Koala, S. 

(2007). Improving cereal productivity and farmers’ income using a strategic 

application of fertilizers in West Africa, in: Advances in integrated soil fertility 

management in sub-Saharan Africa: Challenges and opportunities, edited by: 

Bationo, A., Waswa, B., Kihara, J., and Kimetu,J., Kluwer Publishers, The 

Netherlands, 201–208. 

 

Tiffen, M, Mortimore, M, Gichuki, F, (1994). More People, Less Erosion:  

Environmental Recovery in Kenya. Chischester: Wiley. 

 

Tiraieyari, N., Idris, K., & Uli, J. (2010). Teaching Method Competencies Used by 

Extenionists in Transferring the Good Agricultural Practices to Malaysian 

Farmers. Australian Journal of Basic and Applied Sciences, 4(10): 5379-5387, 

 

Tukur, A. L, Bashir,  B. A, & Mubi , A. M, (2004). Agricultural land use and land 

degradation in Adamawa State. Global Journal of Environmental Science, 

3(1):27-31. 

 

UNEP, (2009). Smallholders, food security, and the environment. UNEP, Paris.  

 

United Nations Food and Agriculture Organization (FAO) (2010).Gender and Land 

Rights: Understanding Complexities, Adjusting Policies. Economic and Social 

Perspectives. Policy Brief 8. 

 

USDA (United States Department of Agriculture. Climate change).(2014) 

http://www.ers.usda.gov/topics/natural-resources-environment/climatechange. 

aspx#.VE36aPmG9qV Accessed 21-November-2014 

 

Van Straaten, P. (2002). Rocks for crops: Agro-minerals of sub-Saharan Africa. ICRAF, 

Nairobi, Kenya. 338 p. 

 

Vanlauwe, B., & Giller, K.E., (2006). Popular myths around soil fertility management in 

sub-Saharan Africa. Agricultural Ecosystem and Environment, 116: 34 – 46. 

 

Vanlauwe, B., Bationo, A., Chianu, J., Giller, K. E., Merckx, R., Mokwunye, U., 

Ohiokpehai, O., Pypers, P., Tabo, R., Shepherd, K., Smaling, E. M. A., & 

Woomer, P. L.(2010). Integrated soil fertility management: Operational definition 



91 
 

and consequences for implementation and dissemination, Outlook Agric., 39, 17–

24. 

 

Vanlauwe, B., Coyne, D., Gockowski, J., Hauser, S., Huising, J., Masso, C., Nziguheba, 

G., & Van Asten, P. (2014). Sustainable intensification and the smallholder 

African farmer, Curr. Op. Envir. Sust., 8, 15–22.  

 

Vanlauwe, B., Diels, J., Sanginga, N. & Mercks, R. (2002). Integrated plant nutrient 

management in Sub-Saharan Africa: from concept to practice. Wallingford: CABI, 

352p. 

 

Vanlauwe, B., Kihara, J., Chivenge, P., Pypers, P., Coe, R. & Six, J. (2010). Agronomic 

use efficiency of N fertilizer in maize-based systems in Sub-Saharan Africa within 

the context of integrated soil fertility management. Plant Soil 339:35–50. 

 

Waddington, S.R. (2003). Grain Legumes and green manures for soil fertility in southern 

Africa: taking Stock of progress. Proceedings of a Conference held 8-11 October 

2002 at the Leopard rock Hotel, Vumba, Zimbabwe. Harare: SoilFertNet and 

CIMMYT-Zimbabwe. 

 

Wayo, A. S. (2002). Agricultural growth and competitiveness under policy reforms in 

Ghana. ISSER Technical publication, 61. Wetland Region of Cross River State. 

Global Journal of Agricultural Sciences vol.8 NO. 2 Pp 195-201. 

 

Wegulo, F.N., Wandahwa, P., Shivoga, W., Tabu, I., Muhia, N., Inoti, S. Egerton 

University, Kenya (2009) Sustainable Development In Africa, The Role of Higher 

Education: Engaging Communities In Soil Fertility Management For Sustainable 

Agricultural Production: Case Studies From Kakamega and Nakuru Districts pg 5. 

 

Weir, S., Knight, J., (2000). Adoption and Diffusion of Agricultural Innovations in 

Ethiopia: The Role of Education. CSAE Working Paper WPS2000-5, Center for 

the Study of African Economies. Oxford University, UK.  

 

Wekesa, E., Mwangi, W. Verkuijl, H. Danda, K. & De Groote, H. (2003). Adoption of 

Maize Production Technologies in the Coastal Lowlands of Kenya. Mexico, D.F.: 

CIMMYT.  

 

World Bank. (2007). World Development Report 2008: Agriculture for Development. 

Washington, D.C.: World Bank Publications. 

 

World Bank. (2007). World Development Report 2008: Agriculture for Development. 

Washington, DC: The World Bank.  

 

Wortmann S. C., Lubanga, L  & Kaizzi C. (2006). Integrated Nutrient Management for 

Bean Production in Eastern Africa. In Soil Science of East Africa, Proceedings of 

14th Conference, Kampala Uganda. 

 



92 
 

Yan Liang, & Norton, G. W. (2006). Potential Effects of Transgenic Rice on Farm 

Households’ Nutritional Status in Bangladesh. Unpublished paper. 

 

Young, A.: (1998). Land Resources: Now and for the Future. Cambridge, Cambridge 

University Press. 

 

Zake, M. (2002). Enhancement of Manure Utilization in Small holder Cattle 

Management. Makerere University, Kampala, Uganda.  

 

Zingore, S., Delve, R. J., Nyamangara, J., & Giller, K. E. (2008). Multiple benefits of 

manure: The key to maintenance of soil fertility and restoration of depleted sandy 

soils on African smallholder farms, Nut. Cycl. Agroecosyst., 80, 267–282. 

 

 



93 
 

APPENDICES 

APPENDIX I: RESEARCH QUESTIONNAIRE 

I am Rose Kemmey a Masters student at University of Eldoret (School of Environmental 

Studies), as a requirement for partial fulfillment of the degree, am carrying out a research 

on: “Evaluation of Gender and Social Perspectives in Choice of Soil Fertility 

Management Technologies for Maize Production Nandi County”.  

I kindly request your assistance in filling this questionnaire as truthful as possible. Please 

tick in the brackets your right response [√], give a yes or no response where appropriate 

and brief explanation where necessary.  

This research is intended strictly for academic purpose and nothing else. All information 

shall be treated with utmost confidentiality. Your cooperation was highly appreciated. 

Thanks in advance 

 

PART A: PERSONAL DETAILS 

1. Sex; (i) Male                  (ii) Female     

2. Age bracket 

   (i) 20-29 years            (ii) 30-39 years          

    (iii) 40-49 years         (iv) ≥ 50 years 

3. What is the size of your farm? 

   (i) Less than 5 acres            (ii) 6 – 10 acres          

    (iii) 10 – 15 acres               (iv) Over 16 acres 

4. What type of fertilizer do you mostly use in planting your maize? 

(i) Inorganic Fertilizers  

(ii) Organic Fertilizers  

(iii) None  

5. (i) Do you use any herbicides or any other chemical in your farm? 

Yes  

No 

(ii) If yes, indicate the type you mostly use  
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………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………………………… 

 

Section B: Effects of social and gender diversities in the soil management practices 

that enhance maize production  

1. What are the common soil management technologies used in enhancing maize 

production your area? (Multiple responses allowed) 

(a) Terracing      (b) Mulching  

(c ) Crop rotation     (d) Nutrient management  

(e) Intercropping    (f) Use of cover crops   

(g) Minimum/zero tillage  

 

2. Where did you acquire the technologies used in maize production? (Multiple responses 

allowed). 

(a) Field days     (b) Agricultural extension officers  

(c) Media     (d) other farmers  

(e) Training     (e) Field trips  

3. Who makes the decision on implementation of the technologies?  

(i) Men    (ii) Women   (iii) Youth  

(iv) Others (specify)……………………………………………………… 

 

4. In your opinion, which social group is more involved in the acquisition and use of the 

farm technologies? 

(i) The youth  

(ii) Women  

(iii) Men  

(iv)  Any other (specify) ………………………………………………………… 
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Section C:  Gender roles that influence the choice of soil fertility management 

technologies in maize production  

1. Who owns the land? 

(i) Husband    (ii) Wife  

(iii) Father                                    (iv) Government     

(v) Any other (specify)…………………………….. 

2. Who makes decisions specifically on technologies used in maize production?  

(i) Men    (ii) Women  

(iii) Youth   (iv) Any other (specify)………………………………….. 

3. Who does the actual tilling of the land? 

(i) Men    (ii) Women  

(iii) Youth   (iv) Any other (specify)………………………………….. 

 

Section D: Socio-economic characteristics that influence the choice of technologies 

in maize production systems  

1. On average what is the cost of tilling one acre of land for maize production? 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

2. On the technologies, acquired, who meets the cost of the technologies used in maize 

production? 

(i) Men     (ii) women 

     (iii) Youth     (iv) Government  

(vi)  NGOs  

(vii) Any other, (specify)_________________________________ 

 

3. Please indicate your level of agreement or disagreement of the following socio-

economic characteristics that affect adoption of technologies for maize production 

SD – Strongly Disagree D – Disagree; UD – Undecided; A – Agree, SA- Strongly Agree  
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Socio-economic characteristic SD D UD A SA 

Primary occupation of the farmers affects adoption of 

agricultural technologies  

     

Annual income of the farmers affects adoption of agricultural 

technologies 

     

Household size of the farmers affects adoption of agricultural 

technologies 

     

Membership of farmers‟ group of the farmers affects adoption 

of agricultural technologies 

     

Educational attainment of the farmers affects adoption of 

agricultural technologies 

     

Age of the farmers affects adoption of agricultural technologies      

Farm size of the farmers affects adoption of agricultural 

technologies 

     

Availability of credit facilities enables farmers to easily acquire 

agricultural technologies  

     

Participation in agricultural project activities enables farmers 

to easily acquire agricultural technologies 

     

 

Section E: Strategies used by farmers in enhancing soil fertility management 

technologies 

1. (a) Have your undergone any training on soil management strategies 

(i) Yes    (ii) No  

(b) If yes, what form of training have you undergone?  

(i)  Workshops    (ii) Seminars  

(iii) Farmers Field Days   (iv) Agricultural Tours  

(v) Any other (Specify) _____________________________ 

 

(c) Indicate your level of agreement/disagreement on the following strategies to enhance 

soil management technologies.  

   

C

V 

   

C

V 

   

   



97 
 

Strategy  SD D UD A SA 

Use of inorganic fertilizers      

Use of organic fertilizers       

Use of intercropping       

Use of crop rotational program       

Use of zero tillage       

mixed crop-livestock farming       

Improved Land tenure systems       

improved fallows       

Use of contour ridging       

Encouraging early planting       

Use of mulching in crop production       

Understanding soil characteristics through regular 

use of soil sampling and analysis   
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APPENDIX II: INTERVIEW SCHEDULE FOR SCAO 

1. What are the effects of social and gender diversities in the soil management practices 

that enhance maize production?  

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

2. What are the gender roles that influence the choice of soil fertility management 

technologies in maize production in Kabiyet division?  

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

3. What are the socio-economic characteristics that influence the choice of technologies 

in maize production systems in Kabiyet division? 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

 

4. What strategies do farmers use in enhancing soil fertility management technologies?  

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………………………………………………………………………… 
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APPENDIX III: RESEARCH AUTHORIZATION LETTERS 
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APPENDIX IV: RESEARCH PERMIT  
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APPENDIX V: MAP OF THE STUDY AREA 

 

 


