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Abstract 

Uptake of Agroforestry Technologies among 

Smallholder Farmers in Zambia 

 

 

by 

Gillian Kabwe 

Means for improving agricultural productivity among resource-poor smallholder farmers in 

Zambia has been high on the agenda of agricultural research in the last 20 years. Agroforestry 

research was initiated after the diagnostic and design survey of 1988 revealed that smallholder 

farmers were faced with poor soil fertility, lack of fodder for animals and lack of fuelwood, an 

energy carrier for cooking. In order to address these problems, researchers worked with 

farmers and have since developed agroforestry technologies such as improved fallows, 

biomass transfer, fodder banks, woodlots and indigenous fruit tree production. Since 1997, 

these technologies have been deliberately promoted through the public extension system, 

international and national research institutions, non-governmental organizations and 

community-based organizations. However, the level of adoption remains low and their impact 

is negligible on smallholder family livelihoods. Factors that affect uptake of agroforestry have 

not been fully understood partly because the few studies that have been completed on 

adoption of agroforestry were conducted too early in the research process and could only 

indicate agroforestry adoption potential based on promising research findings. Other more 

recent studies have concentrated on adoption among the farmers that have been involved with 

experimental research on-farm yet there are many smallholder farmers that have been 

involved with trialling agroforestry technologies apart from the farmer researchers. In 

addition, nearly all research has concentrated on the improved fallow technology only. This 

research investigated uptake of the five agroforestry technologies by conducting a field survey 

and face-to-face interviews of 388 randomly selected farming households in four districts of 

eastern Zambia where agroforestry is promoted and practiced. The results show that trialling 

of agroforestry technologies is low, however 44.9 percent of farmers had trialled improved 

fallow technology and 21.4 percent had trialled biomass transfers. Analysis of data for 

improved fallows and biomass transfer using logistic regression shows that trialling and 
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adoption of improved fallows and biomass transfer were influenced by different factors 

including extension, tree seed availability, knowledge, skills, farmer interest, agroforestry 

training, club membership (farmer organisations), information sources, farming experience, 

household income, non-farm income and farm size. Another important finding was that 

despite the low trialling rates, retention rate among farmers who had trialled was high (over 

70%). Therefore, understanding the factors influencing trialling is crucial to ensuring that 

many farmers take up agroforestry technologies. 

The thesis contributes to knowledge about technology diffusion processes. The Rogers‟ model 

of diffusion is modified to provide a stronger explanation of the key factors that influence 

adoption. 

Keywords: Agroforestry, biomass transfers, improved fallows, rural extension, technology 

adoption and diffusion. 
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 1 

    Chapter 1 

Introduction 

After nearly 20 years of agroforestry research, smallholder farmers, that are often faced with 

low crop productivity, scarcity of fuelwood and fodder, would be expected to readily adopt 

agroforestry practices that enable them to increase yields with minimal external inputs. 

However, the situation is different. Adesina et al. (2000) and Mercer (2004) have indicated 

that adoption and diffusion of agroforestry technologies have lagged behind scientific and 

technological advances attained, thereby reducing their potential impacts. These observations 

also apply to Southern Africa, of which Zambia is part (Ajayi et al., 2006c). This is in spite of 

promotion of agroforestry by many projects. By 1989, Franzel and Scherr (2002) reported as 

many as 60 development projects that were involved in promoting agroforestry across Africa. 

This figure could possibly have increased by now as more and more Non-Governmental 

Organisations (NGOs) and Community-Based Organisations (CBO) have engaged themselves 

in agricultural development as a means of moving the majority of the resource poor families 

out of poverty. By 2004, eastern Zambia alone had over ten organisations promoting 

agroforestry technologies (R. Katanga, Pers. Comm. June, 2008). Low adoption levels are not 

only experienced with agroforestry technologies but also with many other successful 

agricultural initiatives (Pretty, 1995). 

In Zambia, nearly 21 percent of the smallholder farmers have been said to have adopted 

improved fallows (Ajayi, Pers. Comm. March, 2007). Improved fallows are an agroforestry 

technology involving the establishment of nitrogen fixing leguminous species during a fallow 

period of one to three years (Kwesiga & Coe, 1994). This is in spite of the promising research 

findings for agroforestry to address smallholder farmer problems (Kuntashula et al., 2004; 

Kwesiga & Coe, 1994; Kwesiga et al., 1999; Kwesiga et al., 2003; Mafongoya et al., 2006a; 

Mafongoya et al., 2006b; Mafongoya et al., 2004; Sanchez, 1995, 1999, 2000, 2002) and the 

deliberate effort by government, international organisations, NGOs and CBOs to extend these 

technologies to the smallholder farmers (Böhringer, 2002b; Franzel et al., 2001a; Franzel et 

al., 2004; Kabwe, 2001; Kabwe et al., 2004). 

Several studies have been done to understand the adoption potential of improved fallows, and 

to determine factors that affect adoption (Ajayi, 2001; Ajayi & Kwesiga, 2003; Ajayi et al., 

2003; Ajayi et al., 2006b; Ajayi et al., 2007b; Ajayi et al., 2007c, 2007d; Franzel, 1999; 

Franzel et al., 1999a, 2002a; Franzel et al., 2002b; Franzel et al., 2001b). The study by 
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Franzel (1999) revealed that improved fallows had a great potential of being adopted in the 

areas where natural fallow periods were decreasing and farmers perceived a decline in soil 

fertility. Some of the smallholder farmers cultivate crops, mostly maize, every year regardless 

of whether they address the soil fertility problem or not (Ajayi et al., 2007b) because this is 

their only means of sustaining their livelihoods. Soil fertility remains one of the primary 

constraints to smallholder agricultural production in sub-Saharan Africa (Gruhn et al., 2000). 

Soil fertility management problems result from continued land degradation that is associated 

with high population increase (Government of Zambia, 2006). 

Although inorganic fertilizers would be the easiest way to overcome nutrient depletion 

(Sanchez, 2002), this product is not readily available for use by smallholder farmers. Some 

farmers that have used inorganic fertilizers to improve soil fertility usually apply it at levels 

far less than recommended rates (Kwesiga et al., 2003; Mafongoya et al., 2006a; Mafongoya 

et al., 2006b). Farmers currently require adding higher quantities of inorganic fertilisers than 

they did before in order to meet crop needs (Damisa & Igonoh, 2007). However they have not 

been able to do so due to either the high cost or uncertain availability of the commodity 

(Kwesiga et al., 2003; Mafongoya et al., 2006a; Mafongoya et al., 2006b). Sanchez (2002) 

estimates the cost of inorganic fertilisers in Africa to be two to six times as much as it is in 

Europe, North America or Asia, and this cost is subsequently passed to the customer, in this 

case the farmer. The cost varies depending on the geographic landlocked-nature of a country 

as well as the road infrastructure (Ajayi et al., 2007b). Drastic reduction of use of inorganic 

fertilizers has also been attributed to the removal of farm input subsidies and the collapse of 

government agencies that previously engaged in agricultural input distribution (Ajayi et al., 

2007b). A 70 percent decline in fertilizer use has been estimated in Zambia since the removal 

of subsidies (Howard & Mungoma, 1996). Currently, only 20 percent of all smallholder 

farmers use inorganic fertilizers (Govereh et al., 2002). Other options in use for soil fertility 

enhancement include grain legumes, animal manures, agroforestry practices and integrated 

nutrient management options (Mafongoya et al., 2006b). 

Obviously finding a solution to improving smallholder farmer livelihoods by achieving food 

security and increasing food production requires that appropriate agricultural technologies are 

adopted. And for Zambian smallholder farmers whose livelihood mostly depends on 

agricultural productivity, technologies void of cash investment such as agroforestry offer 

incentives to increase food production. In recognising the need to increase food production 

and subsequently food security, soil fertility improvement has been considered as a major 

development policy issue and hence the development of a framework called the 
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Comprehensive African Agriculture Development Programme (CAADP) (New Partnership 

for African Development, 2003). CAADP is a framework, tool and process for the restoration 

of agricultural growth and food security (New Partnership for African Development, 2003). 

The framework is intended to facilitate the African countries to achieve food and nutrition 

security; increase income and alleviate poverty; and sustain socio-economic growth 

(Mkandawire, 2009). CAADP has four pillars namely: land and water management; rural 

infrastructure and trade-related capacities for improved market access; increasing food supply 

and reducing hunger; and agricultural research, technology dissemination and adoption (New 

Partnership for African Development, 2003). 

Agroforestry technologies are part of the responses to challenges that farmers are faced with 

but adoption of these technologies is critical if they have to make a difference. The amount of 

collaboration among international research and development institutions, government, 

national organisations, and farmers to introduce these technologies has been enormous (Ajayi 

et al., 2007b). However, despite all the potential of these technologies and the effort to 

promote them among smallholder farmers, their adoption and diffusion have remained low 

and so has their impact (Ajayi & Kwesiga, 2003; Ajayi et al., 2007e; Mercer, 2004). 

1.1 Importance of agroforestry 

Agroforestry practices have considerable potential in helping solve some of Africa‟s main 

land-use problems (Cooper et al., 1996; Sanchez, 1995) through provision of a wide range of 

tree products for domestic use or sale (Franzel et al., 2001b). Agroforestry plays a significant 

role in increasing agricultural productivity by nutrient cycling, reducing soil erosion, and 

improving soil fertility and enhancing farm income compared to conventional crop production 

(Kang & Akinnifesi, 2000; Neupane & Thapa, 2001; Neupane et al., 2002). Agroforestry can 

also potentially reduce deforestation while increasing food, fodder and fuelwood production 

(Neupane & Thapa, 2001; Neupane et al., 2002). Benefits that accrue from usage of 

agroforestry include food and nutrition security, increased income and assets, improved land 

management (Garrity, 2006); it also creates environmental and management synergies (Race, 

2009). 

Traditional agroforestry has been practiced for millennia by agrarian-based societies 

throughout the world (Garrity, 2006). The World Bank estimates that 1.2 billion people 

practice some form of agroforestry on their farms and in their communities (World Bank, 

2004). Although agroforestry has been practiced by these farming communities for a long 

time, there is inadequate awareness about its potential to the millions that live in poverty 
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(Garrity, 2006). In the past 3 decades, agroforestry has progressed as a science-based pathway 

for achieving important objectives in natural resource management and poverty alleviation 

(Garrity, 2006). 

Agroforestry systems require a more complex management system than do individual 

agricultural or forestry practices if they are to achieve optimum benefits (Gordon & Newman, 

1997). Decline of use of some of the traditional agroforestry systems in Europe has been 

attributed to the complexity of management (Dupraz & Newman, 1997). In the tropics too, 

uptake of agroforestry technologies is said to be hampered by its composition and 

management complexity (Mercer, 2004; Scherr & Muller, 1991). 

1.1.1 Socio-economic benefits of agroforestry 

Economic analyses of improved fallows have been conducted based on results from farmer-

managed trials and also from on-station trials in Zambia (Franzel et al., 1999a; Kwesiga et al., 

1999). Improved fallows were compared to continuously cropped maize with and without 

nitrogen fertiliser. Overall results showed the improved fallows had slightly lower returns 

than fertilised fields (Franzel et al., 1999a). Unlike fertilised fields, improved fallows do not 

involve any cash expenditure and the benefits are spread over a two to three year period. 

Economic analysis from on-station trials indicates that a two-year fallow is more profitable 

than a one or three-year fallow (Kwesiga et al., 1999). 

As for the sensitivity analysis, results were dependent on the establishment method and the 

amount of labour required for planting and weeding. Both bare root and potted seedlings 

perform just as well, as long as bare root seedlings are planted out within a few hours of 

removal from the nursery. However, bare root seedlings require much less labour and cash 

outlay than the potted ones (Franzel et al., 1999a; Kwesiga et al., 1999). 

The objectives of farming among the smallholders are two-fold: to meet the food 

requirements for the year as well as raise income to meet other essential needs. It is therefore 

necessary to determine the contribution that agroforestry makes towards achieving these 

goals. Studies done to assess the profitability of agroforestry practices have also considered 

the feasibility and acceptability to farmers (Franzel et al., 2001b; Place et al., 2002). 

Essentially, economic analysis of agroforestry practices is more complicated than that of 

annual crops because they involve both trees and crops (and in some cases animals) and, also 

because they require a period of several years between the time of establishing trees and when 

impact can be achieved (Franzel, 2004). As a result of long waiting periods, economic 

analysis become expensive and problematic to manage as experimenting farmers get 
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influenced to change some of the parameters, making comparisons across farmers impossible 

(Franzel et al., 2001b; Franzel, 2004). 

Economic studies compared improved fallows to continuously cropped maize with and 

without use of inorganic nitrogen fertiliser on 12 experimenting farmers‟ fields (Franzel, 

2004). Overall results showed that improved fallows had slightly lower returns than 

inorganically fertilised fields (Franzel et al., 2002a). The benefits of improved fallows when 

compared with continuously cropped maize were the labour saved in the first year when 

maize was not planted, firewood produced in year two, increased maize yields in years three 

through to five, and the reduced land preparation and weeding costs in the first maize crop 

year post fallow (Franzel, 2004). 

Franzel (2004) reported a 52 percent total increase in maize production from improved 

fallows over a period of five years relative to unfertilised maize, while fertilised maize gave a 

triple higher yield than that of improved fallows. This is in spite of improved fallow systems 

not producing any maize yields in years one and two (Franzel, 2004). Even though improved 

fallows are said to be more profitable and with higher production than unfertilized maize 

production, farmers still continuously grow maize without inorganic fertilisers where they 

earn positive net benefits in the first year than wait for post-fallow yields (Franzel, 2004). 

Franzel also pointed out the sensitivity in profitability of maize production with use of 

inorganic fertilisers against that in an improved fallow system, which depends on the cost of 

fertilizer in a particular year (Franzel, 2004). 

Improved fallows are said to be less risky than fertilized maize in the following ways: in an 

event of total crop failure, a farmer using inorganic fertilizer would lose his/her investment 

which is usually higher than that of improved fallows; improved fallows require little or no 

cash input; benefits of improved fallows are likely to spread over 3 years whereas those of 

inorganic fertilisers take place in a single year (Franzel, 2004); and improved fallows improve 

the soil structure and organic matter content of the soil thereby enhancing the soil‟s ability to 

retain moisture during drought years (Kwesiga et al., 2005). Inorganic fertilisers also pose 

another risk in that in some years, fertilisers may be delivered too late in the season to have an 

effect on crop yields (Franzel, 2004). 

In Kenya, profitability for biomass transfer technology was assessed and economic returns 

were analysed for maize, kale and tomatoes (Place et al., 2002). Results indicated that 

biomass transfer was more profitable on high-valued crops and not on maize, and that, even 

on high value crops, it is necessary to add low doses of inorganic phosphorus since most soils 
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lack it (Place et al., 2002). These results were obtained from experiments in which researchers 

were involved. 

There are no studies that have been done based on farmers‟ practice to determine the 

profitability of agroforestry in relation to other technologies that farmers adopt in Zambia. 

Franzel suggests complementing the assessment of profitability of agroforestry with other 

factors such as cultural taboos, farmer preferences, resource bottlenecks, policy constraints 

and market failures in assessing the feasibility, acceptability and adoption potential of 

agroforestry (Franzel, 2004). 

1.1.2 Environmental benefits of agroforestry 

Environmental benefits of agroforestry include soil erosion control (Young, 1989), 

improvement of soil quality through increased nitrogen input, improvement of water 

dynamics (Phiri et al., 2003), and increased activity of soil biota (Sileshi & Mafongoya, 

2006a, 2006b). Agroforestry systems such as woodlots do supply fuelwood and can therefore 

alleviate the demand from natural forests and therefore reduce deforestation (Sileshi et al., 

2007). They have also shown that they can sequester carbon, though at different rates 

depending on the species used and management regimes and systems (Kaonga & Coleman, 

2008; Kaonga & Bayliss-Smith, 2009; Sileshi et al., 2007). Agroforestry systems have also 

demonstrated their ability to conserve biodiversity, suppress insect pests and weeds (Sileshi et 

al., 2005; Sileshi & Mafongoya, 2006a; Sileshi et al., 2007) better than do monoculture 

agricultural systems. 

1.2 Motivation/Justification of study 

Results from both on-station and on-farm research on agroforestry technologies have 

demonstrated that they are economical, profitable and productive and yet their adoption 

remains low. Agroforestry adoption is complex because of its mixture of inputs including 

annuals, perennials, green manure, fodder and other components (Mercer, 2004). Agroforestry 

technologies are promoted in an effort to alleviate poverty and improve the livelihoods of the 

smallholder farmers. However, efforts to deliberately promote agroforestry have not yielded 

the desired results. Studies have shown that there are various factors that influence adoption 

of agroforestry technologies, but most of them do not show how these can be managed so as 

to improve adoption. This study is intended to address the limiting factors and provide useful 

insights into the benefits of using agroforestry. Studies on adoption of agroforestry 

technologies also tend to follow the approaches used in conventional agriculture whereby the 

emphasis is put on annual crops whose benefits are immediate. However, agroforestry is a 
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technology type of system that requires incurring immediate costs yet the benefits are in the 

future. This uniqueness of agroforestry is likely to influence adoption in a different way and 

hence the need for further investigation. 

My analysis of the adoption studies in Zambia reveal that nearly all research related to 

adoption of agroforestry has been done on improved fallows and yet other agroforestry 

technologies such as biomass transfer, fodder banks, woodlots, and indigenous fruit tree 

establishment and processing have been researched and promoted alongside improved 

fallows. My study therefore is intended to examine the adoption of all agroforestry 

technologies and to analyse the reasons for low adoption rates. 

Other agroforestry adoption studies that looked at the potential or likelihood of uptake of the 

improved fallow practice were conducted too early in the adoption process (Franzel et al., 

2001b; Place et al., 2002). Only the study by Keil et al. (2005) looked at the actual adoption 

of improved fallows over a long term so far in Zambia. Keil‟s study is also restricted to areas 

that have been involved with researchers in testing agroforestry technologies on-farm and 

therefore farmers who adopt might have been motivated by other incentives associated with 

conducting on-farm research. Considering that agroforestry has been tested beyond the 

experimenting farmers and areas, it is necessary to include other farmers to whom it has been 

promoted through various extension approaches. Targeting adopters for testing of neighbour 

effects will also be useful since these farmers have had demonstrable gains for other farmers 

to emulate (Ajayi, pers. Comm. March, 2007). Such study extends beyond experimenting 

farmers and would be compared to the method used in this study. 

Agroforestry adoption cannot take place in a policy vacuum. In a recent review of the Zambia 

Agroforestry Project (ZAP) component of the International Centre for Research in 

Agroforestry (ICRAF), now known as the World Agroforestry Centre, by the Swedish 

International Development Agency (SIDA), it was reported that agroforestry uptake was very 

slow due to lack of favourable institutional and policy environment for agroforestry (Fones-

Sundell & Teklehaimanot, 2006). Since these technologies aim at improving production 

among smallholder farmers, whose contribution to the national agricultural production is 

reasonably high, a study on policy‟s influence on adoption would be of great importance. 

Smallholder farmers in Zambia contributed 78 percent of maize harvest for the 2007 crop 

harvest (Zambia Daily Mail Newspaper, 15 June 2007). This shows that smallholder farmers 

also have potential to contribute to agricultural production of other valuable crops. In order 

for them to sustain productivity, they need to adopt technologies like agroforestry that help 

increase production as well as sustain land productivity. ICRAF has shown how agroforestry 
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technologies can contribute to attaining food security as well as improve the agricultural 

landscapes, yet farmers who are faced with challenges of low crop productivity do not adopt 

them. Fones-Sundell and Teklehaimanot (2006) have indicated that clear policy by the 

government is a necessary precondition for agroforestry to be adopted and that policy can 

only be established if the government recognises agroforestry as a good land use practice. 

Until now, agroforestry has remained a donor dependent technology, which means that when 

projects come to their end of the cycle (often quite short: 2-5 years), so would the 

implementation and promotion of it. This does not make it sustainable. Therefore existing 

policies on agricultural and natural resource policies supportive of agroforestry technologies 

should be analysed to determine the extent to which they promote its use and adoption by 

smallholder farmers. This will not be done in this study. 

Despite the improved fallow technology having been widely promoted more widely, it has not 

been adopted to satisfactory levels. All adoption studies have concentrated on this technology 

alone but even then, it is not clear why its adoption has remained so low. There is a need for a 

clearer understanding of what has caused this situation. Mercer (2004) suggests exploring 

external factors to agroforestry adoption. The review by Montambault and Alavalapati (2005) 

has also identified markets, macroeconomics, property rights and gender as some of the 

factors least studied in agroforestry research. 

Earlier studies on the extension of agroforestry have focussed on the different dissemination 

pathways for improved fallows and found that use of farmer-to-farmer extension was more 

effective compared to the use of national extension systems (Kabwe, 2001; Kabwe et al., 

2004). The studies reveal inadequacies of government extension systems and the need to 

explore other avenues to help boost the resource-restricted public agricultural extension 

system. The need for agroforestry extension cannot be overly emphasized considering that the 

agroforestry technologies have been said to be knowledge intensive. If farmers have to 

achieve high and better results from agroforestry technologies, they need to be exposed to 

both the knowledge and skills of implementing it. Since there was a deliberate extension 

program, it warrants studying the extent to which such efforts have affected the adoption of 

agroforestry. Agroforestry technologies are said to be knowledge intensive and require 

farmers to be assisted with understanding the techniques in order to maximize the benefits and 

in a way, this has been facilitated for nearly ten years now. Yet the adoption levels still remain 

low. 



 9 

1.3 Study objective and questions 

1.3.1 Objective 

The general objective of this study is to investigate adoption rates and analyse the factors that 

influence decisions to trial and adopt agroforestry technologies in the Eastern Province of 

Zambia. 

1.3.2 Research questions 

Emerging from the issues highlighted above was a concern to investigate the uptake of 

agroforestry among smallholder farmers. The research questions which address these issues 

are explored further and presented in the results and discussion in Chapters 4, 5 and 6 but are 

here stated to serve as a link between the foregoing discussion on the rationale of the study, 

and the discussion on the theoretical underpinnings of this research. 

The following are the research questions that were intended to be addressed in this study: 

1. Are agroforestry technologies profitable? 

2. What effect do the different types of extension approaches have on adoption of 

agroforestry? 

3. What are the effects of external factors on the adoption of agroforestry? 

However, research question 1 on profitability of agroforestry technologies could not be 

addressed due to lack of data records by smallholder farmers. Therefore, this thesis addresses 

research questions 2 and 3 only. 

1.4 Main contributions of this study 

There are still gaps in understanding the adoption process of agroforestry technologies in 

Zambia. The recent demand for data on adoption levels in Zambia has generated my interest 

to investigate it. In addition, having worked with smallholder farmers in promoting 

agroforestry, and observed the enthusiasm they have to increase land productivity also 

motivated me to pursue this study. Although some information exists on the number of 

farmers who have established an improved fallow before, little is known about agroforestry 

adoption and its consequences. This study therefore aims to narrow the knowledge gap on 

adoption of agroforestry in the Eastern Province of Zambia. 

Investigating answers to the above research questions are academically and practically 

valuable for many reasons. The findings provide empirical evidence of: the concept of 
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agroforestry and; the understanding of the science of agroforestry; the factors that influence 

farmers to make decisions to use or not use these technologies as part of their farming system; 

the application of adoption and diffusion theories; and the factors that influence adoption of 

agroforestry. These findings can help to improve uptake of agroforestry technologies and in 

turn also improve farmer livelihoods, mostly by designing diffusion processes that take into 

account the stage of knowledge about agroforestry, including their characteristics. It is also 

hoped that these findings will act as a basis for greater decision making with regards to 

institutionalisation of agroforestry and subsequently ensuring that farmers receive support to 

adopt it. 

1.5 Overview of Thesis 

This thesis is organised into seven Chapters. This first Chapter states the research problem 

and motivation for the study. It also gives an outline of the objectives, research questions and 

the justification of the study. Chapter 2 gives a background to agroforestry research and 

development in Zambia and describes different agroforestry technologies namely: improved 

fallows, biomass transfer, fodder banks, woodlots; and indigenous fruit tree domestication, 

which have been developed through research for the purpose of improving crop production 

and land productivity. It also provides a review of literature on agroforestry extension and 

adoption. It introduces results that have been obtained from a few adoption studies among 

smallholder farmers in Zambia and sets the scene for this study. It explains factors identified 

as affecting adoption of both agricultural and agroforestry technologies. Chapter 2 also 

describes theories of diffusion and adoption, and explains models of diffusion and adoption. 

Chapter 3 explains the process of this study, how the research is designed, methods of data 

collection and analysis. It describes the study site of Eastern Province; explains how the 

results of the study will be shared. It also shows how ethical issues were addressed, 

considering that the survey involved smallholder farmers, some of whom may be considered 

vulnerable members of the study community. Chapter 4 is a description of the characteristics 

of the sampled population. It also describes agroforestry extension factors and states the 

extent of adoption of agroforestry. Chapters 5 is the presentation of the results of the logistic 

regression analysis, which details factors that have been found to statistically influence 

adoption of improved fallows and biomass transfer. Mean scores for extension approaches are 

also presented. Chapter 6 is a discussion on the findings of this research. Finally in Chapter 7 

conclusions are drawn; the adoption-diffusion model and the Technology Adoption Model are 

re-visited; and also recommendations and suggestions for future research are made. 
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    Chapter 2 

Agroforestry research and development in Zambia 

2.1 Introduction 

This Chapter reviews literature that is relevant to the study including the history of 

agroforestry, agricultural extension, factors influencing adoption of agroforestry technologies, 

theories of diffusion and adoption and concludes by looking at two adoption models and their 

limitations. 

2.2 Agroforestry research 

In Zambia, agroforestry practices have been part of traditional farming systems. A common 

example in Zambia is the chitemene system, a type of shifting cultivation in which trees are 

cut, piled and later burnt, with crops grown in the areas covered with ash (Chidumayo, 1987). 

According to Brookfield and Padoch (1994), pollen records have shown that the practice of 

cultivating trees in combination with agricultural crops has been around for over 1300 years.  

As a scientific discipline however, agroforestry was institutionalised in 1977, with the 

formation of the International Council for Research in Agroforestry, which later became 

International Centre for Research in Agroforestry (ICRAF). Kiptot (2007) has described the 

progression from the time of the commissioning of John Bene to re-assess the forestry sector 

policies to that of the formation of ICRAF. The recommendations of the Bene report are what 

led to the establishment of ICRAF and also to the institutionalisation of agroforestry as an 

applied science and development practice (Bene et al., 1977). 

In Zambia, just like in many other African countries where agroforestry research was 

initiated, a National Steering Committee (NASCO) was formed with members including 

Ministry of Agriculture, Ministry of Tourism, Environment and Natural Resources 

(represented by the Forestry Department), University of Zambia, Copperbelt University, 

ICRAF, National Agroforestry Training Team (NAFT), NGO (represented by World Vision 

International), National Institute for Scientific and Industrial Research (NISIR) and the 

Zambia National Farmers Union (ZNFU). NASCO‟s responsibilities include facilitating 

institutionalisation of agroforestry in research, extension, development and education (Mitti et 

al., 2005). Since its inception in Zambia, a lot of agroforestry awareness has been created 

through media programs, trainings, field visits and publications. ICRAF, through the African 

Network for Agroforestry Education (ANAFE) programme who are represented by NAFTs at 
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country level, has been working with agricultural and forestry tertiary institutions to develop 

agroforestry curricula. It has also supported training through provision of scholarships at the 

Masters level. 

Diagnostic and Design (D & D) studies conducted by ICRAF in Zambia revealed that low soil 

fertility, lack of fuelwood and construction poles, and lack of fodder during the dry season, 

were the main constraints faced by smallholder farmers (Ngugi, 1988). The constraints were a 

result of a breakdown in traditional strategies to sustain production of food, fodder and 

fuelwood (Ngugi, 1988). Based on these findings, agroforestry research was then designed to 

work with smallholder farmers to address these constraints (Ajayi et al., 2006c). Agroforestry 

technologies have been tested at research stations since 1988 (Kwesiga et al., 2003) and on 

farms since 1992, where farmers have been involved in evaluating these technologies (Franzel 

et al., 2002a). This research has led to the development of improved agroforestry technologies 

being disseminated now and used by smallholder farmers (Kwesiga et al., 2003), which are 

described in the next section. 

2.2.1 The agroforestry technologies 

Agroforestry refers to a “dynamic, ecologically based natural resource management system 

that, through integration of trees on farms and in the agricultural landscape, diversifies and 

sustains production for increased social, economic and environmental benefits for land users 

at all levels” (Leakey, 1996). Needless to mention that there has been a lot of debate on the 

definition of agroforestry but like Sinclair (1999) puts it, little change has occurred since the 

definition coined by Lundgren and Raintree (1982). Even the use of „technology‟ and 

„practice‟ has been debated (Sinclair, 1999). However, in this study „technology‟ has been 

used to refer to agroforestry practices that the researchers and farmers have developed 

together, and from which farmer innovations have emanated. Farmer innovations refer to the 

re-inventions made to the technologies when farmers trial or adopt agroforestry technologies 

(Katanga et al., 2007b). Rogers (2003) defines re-invention as the degree of change or 

modification of an innovation (or technology as is referred to in this study) done by the user 

in the adoption and implementation process. 

There are five agroforestry technologies available for smallholder farmers in Zambia namely: 

improved fallows; biomass transfer; woodlots; fodder banks; and use of indigenous fruit trees 

(Kwesiga et al., 1993). The technologies have demonstrated their potentials to address soil 

fertility improvement (Kwesiga & Coe, 1994; Kwesiga et al., 1999; Kwesiga et al., 2003), 

supply of fuelwood (Kwesiga et al., 2003; Nyadzi et al., 2006; Nyadzi et al., 2003a; Nyadzi et 
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al., 2003b), fodder for supplementary feeding of animals (Chakeredza et al., 2007; Hove et 

al., 2003; Kwesiga et al., 2003) as well as increase income (Kwesiga et al., 2003). They are 

described in detail below. 

2.2.1.1 Improved fallows 

The basis of improved fallows is natural vegetation fallow systems whereby land is 

deliberately abandoned for some time to allow for regeneration of trees either as coppices or 

from seeds. In Zambia, natural fallows have been a common practice among smallholder 

farmers (Chidumayo, 1988). In Eastern Province, the common land-use is the integrated 

maize and livestock production system in which traditional bush and grass fallows co-exist 

with continuous maize cultivation (Kwesiga et al., 1999). The length of fallow periods has 

steadily declined to extents where they are too short to maintain soil and vegetative 

productivity (Styger & Fernandes, 2006). In places like Katete, Chipata and Chadiza districts 

of Eastern Province of Zambia, which are intensively-settled areas, the increase in population 

has exerted pressure on traditional systems (through demand for agricultural land) resulting in 

continuous cropping and consequently, shorter fallow periods (Opio, 2001). The shortened 

natural fallow period has resulted in a downward spiral of depleted soil fertility, an increase in 

soil erosion and decline in crop yields (Franzel, 1999). 

Improved fallows are a deliberately planted crop of fast-growing leguminous nitrogen-fixing 

woody trees or shrubs left to grow on a field for a minimum of two years for rapid 

replenishment of soil fertility (Böhringer, 2002b). They aim to achieve objectives of natural 

fallows within a shorter time or a smaller area (Cooper et al., 1996; Lungu, 1996; Szott et al., 

1999). After screening, species that would add high amounts of nitrogen and organic matter to 

the soil and produce fuelwood were selected. Among the selected species were Sesbania 

sesban, Tephrosia vogelii, Cajanus cajan, Gliricidia sepium and Leucaena leucocephala 

(Kwesiga et al., 2003). Sesbania sesban, which is native to the region, was outstanding 

(Kwesiga et al., 2003). Improved fallows are integrated within a rotation system with crops 

(Kwesiga et al., 2003). Some of the improved fallow species have the ability to coppice and 

continue providing nutrient resources to subsequent crops over a longer time while others 

need replanting once the residual effects start to diminish. This is usually after two to three 

cropping seasons (Mafongoya et al., 2006a). Examples of non-coppicing species are Sesbania 

sesban, Tephrosia vogelii, and Cajanus cajan while coppicing fallow species include 

Gliricidia sepium, Leucaena leucocephala and Acacia angustissima. Recently a new non-

coppicing provenance of Tephrosia candida (Madagascar) that produces very high biomass 
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has also been identified (Kwesiga et al., 2003). Tephrosia candida is suitable for a two-year 

fallow, and does not seed in the first year of growth (Mafongoya et al., 2003). 

The range of options for managing improved fallows vary in relation to the duration of the 

fallow, establishment methods, fallow management, cropping system, and harvest schedule, 

and these usually depend on land and labour availability (Kwesiga et al., 2003). For example, 

some species can be directly sown in the field while others require establishing in the nursery, 

either as bare-rooted or potted seedlings, and then transplanting to the required field (Kwesiga 

et al., 1999). The trees are planted or sown directly at a spacing of 1 m x 1 m to give 10,000 

plants per hectare for Acacia angustissima, Gliricidia sepium, Leucaena spp., Sesbania 

sesban and Tephrosia candida, or 1 m x 50 cm (15,000 species per ha.) for Tephrosia vogelii 

and Cajanus cajan and are allowed to grow for one to three years before being harvested. At 

the end of the fallow period, the leaf and very tender stem material are left in the field and 

ploughed back at time of cultivation, while that which is woody is removed and usually used 

as fuelwood. 

The biophysical performance of improved fallows in researcher-designed trials has been 

excellent (ICRAF, 1996, 1997). Species such as Sesbania sesban or Tephrosia vogelii are able 

to replenish soil nitrogen to levels sufficient to grow three subsequent high-yielding maize 

crops in nitrogen deficient soils, but ones that have sufficient phosphorus (Kwesiga & Coe, 

1994; Kwesiga et al., 2003). This gives an improved fallow longer residual effects than that 

obtained from natural or grass fallows. For example, maize yields following a one-season 

Sesbania sesban fallow were over 2.5 times higher than those following a continuous 

cropping or natural fallow (Kwesiga & Coe, 1994). In farmer managed trials, yields following 

a two-year Sesbania sesban fallow increased from 0.3 to 1.3 tonnes per hectare in 

continuously cropped maize to 2.3 to 4.8 tonnes per hectare following an improved fallow 

(Kwesiga et al., 1999). Sesbania sesban fallows have also been found to reduce competing 

plant populations, and in some instances completely eliminate the „witch weed,‟ Striga 

asiatica, a parasitic weed, in colonised fields (Kwesiga et al., 1999). 

The greater benefit of improved fallows for the farmer is the increase in food crop yields 

(Kwesiga et al., 2003) especially maize which is a staple food for most families (Böhringer, 

2002b). Other benefits include replenishing soil nitrogen through addition of organic residues, 

biological nitrogen fixation, nutrient recycling from lower depth and improving soil physical 

conditions, with the improved soil physical conditions expected to improve soil-water status 

for the subsequent crops (Phiri et al., 2003). Generally, improved fallows have great potential 

in increasing soil fertility (Kwesiga et al., 1999). Species such as Tephrosia vogelii are 
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preferred by smallholder farmers because, apart from improving soil fertility, they also act as 

a pesticide; Cajanus cajan has been preferred too because it also provides food (Kwesiga et 

al., 2003). 

Improved fallows research has established the biophysical limits of Sesbania sesban fallows 

(Kwesiga et al., 1999) as areas that receive greater than 600 mm of rainfall per year, areas 

free of frost and nematodes, areas with deep soils that have clay content of at least 20 percent 

and pH of at least 4.5. It also requires areas where land is abundant to allow for fallowing and 

where households cannot afford mineral fertilizers (Kwesiga et al., 2003). Areas with limited 

land may have to venture into tree/crop intercropping. Biophysical limits for other 

agroforestry species can be found in the ICRAF agroforestry database (ICRAF, 2005). 

2.2.1.2 Biomass transfer 

Biomass transfer refers to mulching or green-leaf manuring using tree or shrub foliage which 

is cut and applied to the cropping field (Kwesiga et al., 2003). Litter is used directly as green 

manure or shade-dried and stored for later use, especially if the material is collected during a 

non-cropping period when the demand for labour is low (Cooper et al., 1996). Alternatively, 

litter can be treated and mixed with animal manure. Traditionally, farmers used to collect 

litter from the miombo woodlands and incorporate it in the fields (Nyathi & Campbell, 1993). 

Biomass in form of leafy and tender twigs is cut and transferred from the area where the 

leguminous trees are grown to the garden or crop field and is incorporated to improve soil 

fertility (Katanga et al., 2007a). Biomass transfer technology can be applied to any crops. 

However, harvesting and transporting of biomass demands much labour, and hence its 

recommended use on high value crops such as vegetables is advised (Kuntashula et al., 2004). 

Once biomass is incorporated, there is no need for fertilizer application until the crop matures 

with the steady release of nutrients from the biomass (Katanga et al., 2007a). 

Biomass transfer can be used both on the upland and in seasonally water-logged wetland areas 

locally known as „dambo‟ where farmers mostly grow their vegetables in the dry season 

(Kuntashula et al., 2004). Most gardens in eastern Zambia are situated in dambos .The dambo 

is used mainly in the dry season and rarely in the rainy season as it becomes flooded. Apart 

from being used for vegetable growing, dambos are intensively used for grazing and supply of 

water for domestic use (Kuntashula et al., 2004). 

Dambos are part of the wetland ecosystems that is “either periodically wet and periodically 

dry or permanently flooded with a water layer” (Akayombokwa & Mukanda, 1998). In the 

last 10-15 years, the population of Zambia has been growing, thereby increasing the need for 
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increased food production and income generation. Droughts too have frequently occurred. 

These factors have led to intensified and diversified use of wetland areas (Akayombokwa & 

Mukanda, 1998). Wetland areas cover about 150,520 km
2
, which is 20 percent of Zambia‟s 

total area (Akayombokwa & Mukanda, 1998) but dambos are said to only cover 35,000 km
2
, 

which is about 4 percent of the national total area (Ferreira, 1981, quoted in Akayombokwa & 

Mukanda, 1998). These areas get waterlogged during the rainy season. Although cropping in 

dambos is done nearly the whole year round, vegetable production is restricted mostly to the 

dry season when water levels are low and weeds, pests and diseases are reduced. As a result 

of the water logging, they have deposits of organic matter and soil nutrients accumulate 

(Akayombokwa & Mukanda, 1998), which is good source of nutrients for crops. 

Dambos have moderate soil fertility (Akayombokwa & Mukanda, 1998). Hence farmers do 

not have to use external inputs like inorganic fertilisers, which are costly. Where necessary, 

farmers have used animal manure and more recently, biomass from agroforestry tree species 

(Katanga et al., 2007a; 2004; Kuntashula et al., 2006). The continuous use of these dambos 

and reduced sediment deposits will require that these gardens are properly managed if they 

are to have sustained productivity. 

Tree and shrub species that are suitable for biomass transfer are the same as those for 

improved fallows and include Gliricidia sepium, Leucaena spp, Sesbania sesban, Tephrosia 

vogelii and Cajanus cajan (pigeon pea) (Katanga et al., 2007a; Kuntashula et al., 2006). 

Among these species Gliricidia sepium is said to be the best due to its coppicing ability. 

The leafy biomass obtained from either coppicing fallows or biomass banks (plots of fallow 

planted specifically for harvesting biomass) are incorporated 10-14 days before transplanting 

the seedlings (Katanga et al., 2007a). If the period between incorporation and transplanting is 

too short, the vegetable seedlings will be burned out. If the period is too long, the nutrients 

may be lost by leaching. Fresh leaf material is incorporated within three days of being 

harvested (Katanga et al., 2007a). Land on which biomass is applied requires watering at least 

once a day to speed up biomass decomposition. 

The biomass is dug into well-prepared beds just like animal manure is incorporated. Good 

incorporation ensures that the leafy biomass and the soil are well mixed to facilitate smooth 

decomposition. The biomass must be evenly spread on the bed before incorporation. 

Incorporation of four tons per hectare dry weight biomass, which translates to 15-20 kg per 

bed fresh leaf, is the suggested standard for 1m x 5m beds in any type of soil (Katanga et al., 

2007a). The residual effects of the biomass, after harvesting vegetables, allows a farmer to 
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plant maize or any suitable second crop on the same piece of land without requiring 

incorporation of more biomass (Katanga et al., 2007a). 

The study by Kuntashula et al. (2004) has shown the agronomic and economic feasibility of 

biomass transfer technologies, and recommended the use of Gliricidia sepium biomass in 

vegetable production as a viable alternative to inorganic fertilizer. However, this is only 

practical in cases where a farmer cannot afford to use animal manure or inorganic fertiliser. 

Moreover the demand for labour for this technology is high (Kuntashula et al., 2004). 

2.2.1.3 Fodder banks 

Shortage of high quality dry-season fodder has been recognised as a constraint to production 

of ruminants (Cooper et al., 1996) and is critical during the seven to eight months dry season 

every year (Kwesiga et al., 2003). Crop residues left in the crop fields are utilised as fodder 

and seldom returned to the soil (Cooper et al., 1996). Equally, natural pastures and crop 

residues are of low feed quality, and animal condition and performance always declines 

during the dry season (Cooper et al., 1996). Research has been done and information is 

available on the potential of agroforestry tree species to provide high quality fodder, their 

adaptation to specific environmental conditions, the range of farm niches where they can be 

planted and appropriate management regimes to optimise their production and impact (Cooper 

et al., 1996). 

A fodder bank is a plot of trees, planted and intensively managed, the trees being cut 

continuously for feeding livestock (Böhringer, 2002b). Suitable species include Acacia 

angustissima, Calliandra calothyrsus, Gliricidia sepium, Leucaena diversifolia, Leucaena 

esculenta, Leucaena pallida and Leucaena leucocephala (Böhringer, 2002b). Species are 

established and managed in the same manner as for either improved fallows or biomass banks. 

Acacia angustissima and Calliandra calothyrsus have been found to be sources of good 

quality fodder (Dzowela, 1998). The leafy material of these species is normally harvested and 

fed to animals in a zero-grazing system and is recommended for use on dairy animals, which 

normally lead to high income generation (Böhringer, 2002b). 

Fodder banks aim to increase the income of smallholder farmers by substituting the fodder for 

expensive, purchased feed concentrates especially during the dry season when natural grazing 

feed becomes scarce (Böhringer, 2002b). Fodder banks are best planted close to the place 

where animals are kept to reduce the amount of labour required for carrying the fodder. Apart 

from high labour requirement during establishment of trees in the first year and cutting of 

fodder, fodder banks usually need to be fenced so as to protect them from roaming livestock 
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(Böhringer, 2002b). Although fodder banks have mainly been used by smallholder dairy 

farmers, they are said to also have potential for use for milk goats and other livestock 

(Wambugu et al., 2001, 2002). 

2.2.1.4 Woodlots 

These refer to plot of trees grown on farms, communal lands or degraded lands for fuelwood, 

but can also provide small timber and construction poles (Huxley & van Houten, 1997; 

Nyadzi et al., 2003b) and serve to improve soil fertility when grown in rotation with crops 

(Kwesiga et al., 2003). They also serve to rehabilitate degraded land and to eradicate 

perennial weeds (Nyadzi et al., 2003b). There is currently a shortage of fuelwood in many 

sub-Saharan African countries and yet according to Chidumayo (2002) urban demand for 

fuelwood and charcoal has increased, and is said to be the major cause of deforestation in 

Zambia. It is necessary to re-introduce trees and shrubs into existing croplands and grazing 

lands, and to manage them systematically so as to obtain fuelwood, building poles and fodder, 

as well as to address land degradation problems (Chidumayo, 1988). To help reduce fuelwood 

shortages, rotational woodlots have been developed and fast growing and productive trees 

with good performance have been identified (Ayuk et al., 2000). Species that are mostly 

planted are Australian acacias including Acacia leptocarpa, Acacia crassicarpa and Acacia 

julifera (Böhringer, 2002b). In addition, other species such as Senna siamea, Azadirachta 

indica and Albizia lebbeck have been tested. 

In woodlot systems, five to seven year old woodlot species are rotated with annual crops and 

in the initial stages, trees are intercropped with agricultural crops for two to three years until 

the canopy of the trees cannot support crop growth, then the trees are left to grow as a sole 

crop. When the trees are harvested, crops are grown (Nyadzi et al., 2003b), or in the case 

where land is not scarce, the trees can be grown as a sole crop (Nyadzi et al., 2003a). The 

initial stage of tree growth benefits from land preparation, weeding and other management 

operations undertaken for the annual crops. Research on woodlots in Tanzania established that 

woodlot species have the potential to produce 40-90 tonnes per hectare of fuelwood in five to 

seven years of growth (Nyadzi et al., 2003b). This level of production, if achieved would 

offer an economic alternative to the ongoing deforestation of the natural miombo woodlands 

(Böhringer, 2002b). Ramadhani et al. (2002) estimated that adoption of woodlots in Tanzania 

would result in conservation of 0.8 percent of the wooded area. 

The main objective of establishing woodlots is to make households self-sufficient of wood for 

fuel and construction purposes, and also to provide additional income to families if they have 

excess fuelwood to sell (Böhringer, 2002b). Some of the limitations to trialling and adoption 
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of woodlots has been the long period that farmers have to wait before they can realise the 

benefits (usually 4-5 years), the high cost of labour during the establishment phase, a lack of 

water for nursery establishment (Böhringer, 2002b) and scarcity of tree seeds (Ramadhani et 

al., 2002). 

2.2.1.5 Indigenous fruit trees 

Indigenous fruits are an important source of food and income for both rural and urban families 

in Zambia. They are consumed in either fresh or processed form (Akinnifesi et al., 2004). 

Kwesiga et al. (2003) reported that 26 percent of families had adopted collection and 

consumption of wild fruits as a coping strategy during the famine period of 2001. Despite 

their great significance in ensuring food security, the source of fruits, the miombo woodland 

in which they occur, are threatened by deforestation (Chidumayo, 2002) and as a result many 

fruit species are threatened with extinction (Akinnifesi et al., 2004). Research on indigenous 

fruit propagation and processing aims at establishing suitable means of propagating and 

managing indigenous trees as well as in processing fruit harvested from the wild into juice, 

jam, wine, yoghurt and other fruit products (Kwesiga et al., 1999; Kwesiga et al., 2003). 

Species of research focus have predominantly been Uapaca kirkiana, Parinari curatellifolia, 

Strychnos cocculoides, Ziziphus mauritania, Adansonia digitata and Sclerocarya birrea. 

Vegetative propagation methods are being used to select superior clones and cultivars from 

the wild. Farmers also prioritise Vangueria infausta and Azanza garckeana for their 

nutritional requirements (Akinnifesi et al., 2006). 

Indigenous fruit trees are planted along boundary edges, on contours and/or around 

homesteads (Böhringer, 2002b). Planting of indigenous fruits aims to safeguard the nutritional 

security of families especially during the seasons when they often go hungry. Currently, 

families also depend on indigenous fruits for income security through sale of fresh fruit. Lack 

of knowledge on the best propagation techniques for indigenous fruit trees remains a 

challenge (Böhringer, 2002b). 

Groups of farmers involved with tree domestication and processing have also engaged in 

developing skills in business development, processing, packaging and enterprise development 

(Kwesiga et al., 2003). Such skills could enhance farmer incomes, through value addition to 

the fruit product, but they still require further development (Böhringer, 2002b). 
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2.3 Agroforestry extension 

2.3.1 The agricultural camp 

Farmers live in villages, a number of which form an agricultural camp (hereafter referred to as 

a camp). A camp is an area housing one agricultural extension officer, hereafter referred to as 

a Camp Officer. Agricultural activities in the camp are supervised by the Camp Officer 

(Ajayi, 2007). The camp constitutes the ultimate level of extension outreach (Ajayi, 2007; 

Mitti et al., 1997) and is made up of 150 to 200 households (Ajayi, 2007). The Camp Officer 

takes technical messages to farmers and passes on farmers‟ experiences and problems to 

subject matter specialists at the district office. The Camp Officer is the main conduit for 

technology transfer and therefore needs to be knowledgeable to be effective. The officer 

needs to know the farmers in the area, their problems and their immediate needs (Chipopola, 

1994), and is expected to have regular contact with farmers (Mitti et al., 1997). As a result of 

the inadequate resources that the government extension system is faced with, many other 

providers of extension services have emerged, and this section looks at some of the channels 

that farmers use to access information on agriculture in general and agroforestry in particular. 

2.3.2 Agricultural extension approaches 

Agricultural research, extension and education have potential to contribute to the 

enhancement of agricultural productivity in a sustainable way and consequently to contribute 

to poverty reduction in the developing world (Sanginga et al., 2009b). Extension involves the 

conscious use of communication and information to help people form sound opinions and 

make good decisions (van den Ban & Hawkins, 1996). Extension implies a genuine 

commitment to assisting people to make informed decisions (Scoones & Thompson, 1994). 

The extension approach that the public sectors have extensively used in Africa is the 

technology transfer approach. Technology transfer is the process of moving scientific and 

technical knowledge, ideas, services, inventions and products from the origin of their 

development to where they can be put into operation (Guerin & Guerin, 1994). Transfer of 

technology model is a policy model for what is desirable in the future and in the case of 

agriculture extension, it is the innovation/technologies that are at the end of the linear process 

(Roling, 2009). The linear process flows from basic research, via applied and adaptive 

research, subject matter specialists, and extension and contact farmers, to widespread 

diffusion among farmers. This follows the World Bank‟s Training and Visit system (T&V 

system) (Benor & Harrison, 1977) modelled throughout Africa (Roling, 2009). The T&V 

system was designed to reach as many farmers as possible by working through the contact 
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farmers, each of whom received training and information that they were then expected to pass 

on to other farmers. The T&V system of extension involved many kinds of trainings and 

review meetings with research scientists. Research scientists taught extension staff who in 

turn also taught farmers (Mutsaers, 2007). However, this approach has been criticised as 

being ineffective and it has failed due to cost. Most of the development organisations have 

started using the agricultural innovations system approach (Sanginga et al., 2009b; Spielman, 

2010). 

The agricultural innovations system approach (AIS) is a concept that has been developed to 

better understand how a country‟s agricultural sector can make better use of new knowledge 

and design alternative interventions that go beyond research investments (Rajalahti Sr., 2009). 

It is a way of looking at socio-economic and technological change by considering not only the 

technological change but also the role of different actors and the relationship of different 

actors in effecting change (Spielman, 2005, 2010). The AIS approach is an interactive multi-

stakeholder process that creates opportunities to build platforms on which different types of 

actors can establish their roles and responsibilities, understand how to interact towards a 

common goal and address some of the constraints that emerge both from the relationships 

with each other and more exogenous factors (i.e. external factors such as culture or common 

behaviours and norms or policies and rules and regulations) (Spielman, 2005, 2010). AIS has 

been embraced by large African regional initiatives such as the Comprehensive Africa 

Agricultural Development programme (CAADP) and the Forum for Agricultural Research in 

Africa (FARA) and many other funding organisations (Sanginga et al., 2009a). Although 

Africa embraces the innovation systems perspective, it still implements large agricultural 

development initiatives based on the „technology-push‟ model. Large initiatives such as The 

Green Revolution in Africa, the Millennium Villages, the Bill and Melinda Gates Foundation 

and the Sasakawa-Global 2000 Programme are examples of initiatives that are reverting to use 

of the conventional diffusion of innovations model (Sanginga et al., 2009a). However, 

regardless of the extension approach an organisation selects, emphasis is placed on 

participatory learning where the role of the extension officers becomes that of facilitation 

rather than as an agent of technical messages (Kiptot et al., 2006). Kiptot also notes that the 

changes in extension approaches have not yet yielded expected impacts on smallholder 

farmers (Kiptot et al., 2006). 

Public extension systems in Africa have failed to meet the demands of the farmers. Failure of 

the public extension system has been attributed to the conditions of the Structural Adjustment 

Programs (SAP) imposed by the International Monetary Fund, which led to retrenchments of 
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many agricultural extension officers, and consequently resulted in having fewer extension 

workers to carry out the work (Kiptot et al., 2006). In addition, donors of funds have shifted 

to supporting NGO‟s instead of government sectors because of the alleged corruption and 

mismanagement of donor funds in the government agencies (Kiptot et al., 2006). Although 

funding shifted to support NGO‟s, and NGO‟s started getting involved in implementation of 

extension activities, they did not have the necessary expertise and also their operations were 

restricted to particular areas. Davis et al., quoted in Kiptot et al. (2006) described the 

extension services provided by the NGO‟s as being patchy and not comprehensive. The 

challenge faced by NGO‟s is that of not being able to continue to provide such services 

beyond the end of project cycle. Therefore the challenge still remains on assessing the 

effectiveness of the extension and whether these NGOs could succeed with the exclusion of 

the public extension sector. 

2.3.3 Extension methods 

There are several extension methods that extension agents commonly use to help farmers 

form opinions and make decisions. As to which method is used depends on the specific goals 

and circumstances in which one operates. Extension methods can be grouped into three 

categories: mass media, group and individual or face-face extension methods (FAO, 1987; 

Van den Ban & Hawkins, 1988). In attempting to disseminate agroforestry to the small-scale 

farmers in eastern Zambia, a combination of all the three categories of the extension methods 

have been used (Kabwe, 2001). The extension methods used include the following: field visits 

to individual farmers, or the leaders of a farmer group; meeting with farmer groups and/or 

village community; conducting a pilot experiment in a demonstration plot; field or classroom 

training; seminars and exhibitions; and free printed and electronic publications, such as 

pamphlets, posters, videos, and radio and television programs. 

In the mass media category, radio programmes have been aired on local broadcasting. 

Although radio is an excellent medium for motivation and for drawing attention to new ideas 

and techniques, it is weak for providing detailed knowledge and training (FAO, 1989). 

Recently, television programmes on agroforestry were broadcast (Kabwe, 2001) although this 

is restricted to people living in electrified areas and owning television sets. It is expensive to 

produce programmes and also to pay for airtime. Agricultural programmes are also difficult to 

produce because they require to be done in the field. It is also difficult to localise information 

for agriculture unless produced in areas where local television stations exist, a rare situation in 

developing countries (FAO, 1989). Videos have also been shown to groups of farmers that 

visit the research station (Kabwe, 2001). Video is highly effective but it calls for a careful 
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strategy and skilled producers. Pamphlets, leaflets and newsletters have been produced and 

distributed, and demonstrations at national agricultural shows have been done. Group 

meetings, demonstrations, field days and tours, in form of farmer-to-farmer exchange visits, 

have been organised. Farmer field days and tours involve visiting farmers‟ fields where new 

practices being adopted are shown. During the sessions, farmers discuss the strengths and 

weaknesses of the respective farm, provide insights and suggestions to the farmer, and 

stimulate a number of ideas on the practice. Experienced farmers or programme supervisors 

usually facilitate the sessions (Scarborough et al., 1997). Folk media has been used too. 

Creative use of folk media, in cultures where it is popular and well entrenched, can be a subtle 

and effective way of introducing development ideas and messages (FAO, 1989). Care is 

required to ensure that the mix of entertainment and development is appropriate, so furthering 

the latter without damaging the former. 

Agroforestry extension in Eastern Province was mainly conducted by research and 

development organisations including the World Agroforestry Centre (ICRAF) although the 

public extension system, some Community-Based Organisations (CBO) and the Non-

Governmental Organisations (NGO) have also been involved to a certain extent (Sanchez, 

2002). Agroforestry extension has been targeting smallholder farmers who, according to 

Thangata and Avalapati (2003), are resource-poor in terms of capital, land and labour, and are 

subsistence in nature. Initially, reaching out to farmers was only done through on-farm 

research, when very few farmers were involved in trialling improved fallows on their pieces 

of land. The setting up of experiments on farms provided an opportunity for the technologies 

to reach as many farmers within the vicinity. The first on-farm experimental trials in Zambia 

involved five farmers in 1992/93 season, 204 farmers in 1994/95 season and about 3000 

farmers in 1995/96 season (Franzel et al., 2002a). Kwesiga et al. (2003) reported that by 

1998, over 14,000 farmers were experimenting with the improved fallow technology in the 

Eastern Province of Zambia alone. By 1997, ICRAF had established a scaling up team to 

specifically accelerate adoption of agroforestry technologies among farmers, development 

partners and the government (Böhringer, 2002a, 2002b; Böhringer et al., 2002) and had set a 

Southern Africa regional goal to reach 400,000 smallholder farmers in five (5) countries by 

the year 2006 (Kwesiga et al., 2003). There were more than 400,000 farmers reported to have 

trialled agroforestry technologies by 2005 (Mitti et al., 2005). Zambia‟s target was to reach 

100,000 farmers by end of 2006 (Mulila-Mitti, J Pers. Comm.; Katanga, R, Pers. Comm.). 

In realising the knowledge intensity of some agroforestry technologies, and also to achieve 

the set target, the World Agroforestry Centre (ICRAF) developed a four-pronged extension 
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approach (Böhringer, 2002a). In PRONG 1, farmers are directly trained to become trainers of 

fellow farmers within the communities that they live. PRONG 2 entails building capacity 

among staff of Non-Governmental Organisations (NGO) or Community Based Organisations 

(CBO) in agroforestry so that they are able to train farmers in groups within their operational 

areas. PRONG 3 is one that involves exposing farmers and stakeholders to agroforestry 

through exchange visits to areas where agroforestry benefits have been experienced and 

adoption has taken place. PRONG 4 is where the existing government extension programs are 

supported and policy makers are involved in the process of promoting agroforestry 

technologies (Böhringer et al., 2002). The purpose of extending agroforestry technologies was 

to bring them closer to where the intended beneficiaries were so that as they heard about it 

and saw technologies demonstrated, they could easily adopt them (Böhringer et al., 2002). As 

the dissemination of agroforestry has been part of the research process for agroforestry in 

Zambia, various improvements have been done to the process based on the lessons from the 

experiences encountered. For example, since 2004, additional approaches have been used 

including use of existing local institutions to conduct training on agroforestry; provision of 

technical and logistical support to agroforestry networks; establishment and /or strengthening 

of school community links and; sensitization of policy makers about agroforestry benefits 

through production of policy briefs and other media (Ajayi et al., 2006c). Extension efforts 

are expected to take “quality benefits to more people, on a wider geographic area, more 

quickly, more equitably” and that once the knowledge is shared, it would have more lasting 

impact (Ajayi et al., 2006c). 

As a result of these extension efforts, 417,000 smallholder farmers have reportedly been 

reached in Southern Africa with Zambia reporting having reached 61,583 smallholder farmers 

with the different agroforestry technologies (ICRAF Southern Africa, 2006). According to 

Franzel et al. (2001b), there was high adoption of agroforestry in Zambia which they 

attributed to proper and effective diagnosis of farmers problems, the farmers‟ participation in 

project programs and encouragement to them to innovate with the technologies. However, 

recent adoption studies indicate that not all of the farmers that have been reached have 

adopted the technologies. According to Rogers (2003), “Getting a new idea adopted, even 

when it has obvious advantages, is difficult”. In the case of agroforestry technologies, they 

have demonstrated the ability to improve land productivity and subsequently improve crop 

yields and ensure food, nutritional, income, environmental security, yet their adoption remains 

low. It is imperative therefore to investigate the factors that influence their adoption. 
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There are 231,120 farmers in Eastern Province, 95.9 percent of whom are rural-based (Central 

Statistical Office, 2003c). This research sampled farmers from the rural-based population. Of 

the total smallholder farmers, nearly 21 percent have adopted improved fallow technologies 

and nearly 11 percent biomass transfer, with adoption of fodder banks reported at 1 per cent 

level. These results are from a study conducted in the areas where research and development 

efforts for agroforestry have been concentrated (Ajayi, Pers. Comm. March, 2007). Some of 

these farmers have even experienced the benefits of agroforestry. Unless farmers widely adopt 

these technologies, as part of their farming system, the potential benefits of agroforestry on 

livelihoods and the environment will not be realised. 

Extension of agroforestry technologies is important if they have to be taken up and also have 

impact on farmers‟ livelihood. Since on-farm trials were started and results obtained were 

found to be positive, an attempt has been made to reach out to as many farmers as possible to 

make them aware of agroforestry and to assist them to try out the technologies on their farms. 

It is hoped that with increased awareness, many farmers would adopt agroforestry 

technologies as a means to improve soil fertility and consequently rural livelihoods. Despite 

the use of a combination of extension methods, the uptake of agroforestry has been slow. 

2.4 Adoption of agroforestry technologies 

2.4.1 Adoption of agroforestry 

There is still a lot of confusion in the literature as to what constitutes „adoption‟ by farmers 

(Giller et al., 2009). Defining adoption in the context of agroforestry has not been void of 

challenges, especially that different agroforestry technologies require different 

operationalisation. Different definitions of agroforestry adoption have been developed 

according to the technology under consideration (ICRAF, 2004). Distinctions have been made 

by some between testers, experimenters and adopters (Adesina et al., 2000), whereas other 

authors have considered it as a continuum and hypothesized that farmers can be assigned 

positions on the continuum based on the uptake of the different components of the technology 

(Ajayi & Kwesiga, 2003). Adoption definitions take into consideration a farmer‟s own 

perceptions of adoption. According to Ajayi (2007), the farmers‟ definition of who adopt 

follows such attributes as good management of the field, density of planting and mix of 

species planted, number of years the farmers continuously practices agroforestry and the size 

of the plot with agroforestry practice. These variations in definition of agroforestry adoption 

also make comparisons between studies difficult. 
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According to Vosti et al. (1997) consideration of the socioeconomic aspects of a technology 

such as markets for products, the producer‟s access to markets, the producer‟s production 

capacity, complicates yet clarifies the technology adoption picture. Although the multi-

component and multi-product nature of agroforestry systems might enhance opportunities to 

develop and diffuse effective technology packages, it may also complicate the task of 

evaluating whether an agroforestry package is likely to be adopted, with what changes, by 

whom, and to what effect (Vosti et al., 1997). The scenarios mentioned above focus on how 

characteristics relating to adoptability or impact may shift as agroforestry components 

themselves change (Vosti et al., 1997). Sechrest et al. (1998) observed that models of 

adoption did not deal with changing circumstances and cited climate change effects as a factor 

that is usually not considered as contributing to adoption or abandonment of agricultural 

technologies. 

Sechrest et al. (1998) consider adoption as a dynamic process whereas Rogers defines it as the 

implementation of already transferred knowledge about a technological innovation, and that 

adoption is the end product of the technology transfer process (Rogers, 1983, 2003). 

According to Rogers (2003), adoption occurs when one has decided to make full use of the 

new technology as a best course of action for addressing a need. It refers to the process 

through which one is exposed to, considers, and finally rejects or accepts and practices an 

innovation (Mosher, 1978). Some of the agroforestry systems generate intermediate and or 

final products for off-farm sale, while others produce inputs for improving farm production 

(Vosti et al., 1997). 

2.4.2 Farmers’ adoption decisions: a general perspective 

It is important to know who actually makes farming decisions in order to target proper 

persons for technology transfer and training, and subsequently to increase and ensure adoption 

and practice of agroforestry among the smallholder farming communities. 

Research has shown that male farmers have authority in making decisions that relate to 

farming activities such as labour allocation and production (Vail, 1981). This trend is only 

broken in very special or rare circumstances when a divorced, widowed or single woman 

takes the role of the decision-taker as an individual. Therefore, there is limited power of 

women in the decision making process. Vail (1981) showed no more than five percent of 

women participation in farming decisions. Solano (2001) remarked that this is a culturally 

determined thing. 
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There is also the influence of other people as opinion sources, whom Errington (1986) 

referred to as “significant others” or “trusted people”. The relative importance of these 

opinion sources is said to increase in strategic, large financial or risky operations, and also in 

long term decisions. 

Families are viewed as the real decision making units, and not only considered as opinion 

sources but as actors in making egalitarian or conjoint decisions through a negotiation process 

(Jones, 1967). They act more in investment decisions, capital and occasionally in labour 

allocation and general production (Vail, 1981). 

Factors that affect the level of involvement of the spouse in the decision making process 

include interactions between psychological, micro-social, household and macro-social factors. 

These are individual self-identities, personal resources, family dynamics, structure of the farm 

enterprise, structure of the labour market and the desire of unity and authority on behalf of the 

family male. Errington (1986) found that some types of decisions are delegated to the farm 

staff, due to the level and kind of information required (operational decisions). This may not 

be the case in eastern Zambia where only family labour, and not permanently employed farm 

workers, is available. Most smallholder farmers cannot hire labour due to cash constraints. 

2.4.3 Experiences with agricultural technology adoption in southern Africa 

There are many experiences where adoption claimed during the course of active promotion of 

technologies by NGOs and research, later transpired to be due to the temporary influence of 

the project rather than a sustained change in agricultural practice (Giller et al., 2009). For 

example, the apparent success of Sasakawa Global 2000 in promoting conservation 

agriculture appears largely to have been due to its promotion within a technology package 

including inputs of fertilizers, pesticides and herbicides (Ito et al., 2007 quoted in Giller et al., 

2009). When the project support stops, farmers quickly revert to their former crop 

management practices (Giller et al., 2009). The widespread adoption of conservation 

agriculture that was claimed through promotion programmes appears to have suffered the 

same fate in South Africa (Bolliger, 2007 quoted in Giller et al., 2009) and in Zambia 

(Baudron, 2008 quoted in Giller et al., 2009). In a detailed study of uptake of zero-tillage 

practices in South Africa, Bolliger found sporadic pockets of small numbers of farmers who 

embraced and practiced conservation agriculture, but little adoption of conservation 

agriculture across most of the areas he surveyed, despite earlier claims of spectacular success 

(Giller et al., 2009). Gowing and Palmer (2008 quoted in Giller et al., 2009) concluded that 

there has been virtually no uptake of conservation agriculture in most sub-Saharan African 
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countries, with only small groups of adopters in Ghana, Tanzania and Zambia. Haggblade & 

Tembo (2003) suggest that 75,000 Zambian smallholder farmers practiced conservation 

farming in 2002/03 season, from about 20,000 in the 2001/02 season because of the 60,000 

starter packs issued as a drought-relief measure by a consortium of donors. They estimated 

that some 15,000 were spontaneous adopters, while the remaining 60,000 practiced 

conservation farming as a condition for receiving their input. It is also reported that 

approximately 5,000 farmers had taken on at least one or two elements of conservation 

agriculture promoted by the FAO CA-SARD project but it is not known if this constitutes 

„true‟ adoption (Giller et al., 2009). In a review of NGO efforts to promote conservation 

agriculture in Zimbabwe, Mashingaidze et al. (2006 quoted in Giller et al., 2009) concluded 

that there has been limited adoption despite nearly two decades of development and 

promotion by the national extension programme and numerous other projects. The constraints 

identified included: a low degree of mechanization within the smallholder system; lack of 

appropriate implements; lack of appropriate soil fertility management options; problems of 

weed control under no-till systems; access to credit; lack of appropriate technical information; 

blanket recommendations that ignore the resource status of rural households; competition for 

crop residues in mixed crop–livestock systems and limited availability of household labour 

(Giller et al., 2009). In many ways the problems that smallholder farmers face with adoption 

of conservation agriculture are analogous to the problems experienced with adoption of green 

manures or „improved fallows‟ of fast-growing shrubby legumes (Giller et al., 2009). 

Although there are many success stories of farmer uptake of green manures and improved 

legume tree fallows (also referred to as fertilizer trees) (Ajayi et al., 2006b; Ajayi et al., 

2007a), few of these have outlasted the lifetime of the promotion project (Giller et al., 2009). 

Where successes have been claimed there have been distortions of „adoption‟ or „farmer 

uptake‟ (Giller et al., 2009). In the late 1990s in Malawi during an intensive campaign 

promotion intercropped green manures led by research scientists and NGOs, seed of the fish 

bean (Tephrosia vogelii.) was worth three times as much in the local markets as the main 

staple legume, common bean, and farmers responded by producing and selling Tephrosia seed 

(Giller et al., 2009). The same story holds for the „green gold‟ of mucuna (Mucuna pruriens) 

in Benin which was claimed as a success story but has largely disappeared from farmers fields 

since project support withdrew (Giller et al., 2009). Although widespread farmer adoption of 

improved legume tree fallows was claimed in western Kenya, these have vanished from the 

fields of smallholder farmers, together with the seed market for the legume trees, when the 

intensive promotion campaigns stopped (Ojiem et al., 2006 quoted in Giller et al., 2009). The 

above examples point to the complexity of adoption, showing that farmers adopt technologies 
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for different reasons and therefore reports on adoption need to be considered in context and 

not generalised. A technology can only be considered a successful „innovation‟ that is likely 

to spread spontaneously when fully embedded within the local social, economic and cultural 

context (Leeuwis, 2004, quoted in Giller et al., 2009). 

2.5 Factors influencing agroforestry trialling and adoption 

Adoption is influenced by several factors including socioeconomic, environmental, and 

mental processes that are governed by a set of intervening variables such as individual needs, 

knowledge about the technology and individual perceptions about methods used to achieve 

those needs (Thangata & Alavalapati, 2003). This study explores socio-economic factors. 

Studies that have been done in Zambia in relation to adoption of agroforestry have been 

synthesised by Ajayi et al. (2003). These studies have looked at factors that influence farmers 

to initially establish an improved fallow, those that influence their decision to continue with 

the practice, and external factors that affect the decision to establish a fallow. Factors that 

were tested include wealth status, gender, age, education, labour (with household size used as 

a proxy for labour), farm size, uncultivated land, use of fertilizer, off-farm income, oxen 

ownership, and village exposure to improved fallows. It was found generally that wealth, 

labour, farm size, and one‟s exposure to improved fallows affected farmer decisions to 

initially establish improved fallows (trial) and to later continue with the practice (adopt), 

while use of fertiliser and oxen ownership positively influenced a farmer‟s decision to 

establish a fallow. All these studies have concentrated on the improved fallow technology and 

not the other technologies. 

The study by Phiri et al. (2004) found an association between farmers‟ wealth status and the 

planting of fallows, with the planting being higher among farmers that were classified as 

wealthier than among the very poor households. Similar results were obtained by Keil et al. 

(2005) who found that adoption of improved fallows increased with wealth levels, starting 

with those described as fairly wealthy, and decreased with well-off farmers. In addition they 

found a relationship between planting of improved fallows and the ownership of oxen. The 

ownership of oxen is an indicator of wealth status among rural communities. Farmers who 

own oxen are able to cultivate larger pieces of land within a short time or they would hire out 

oxen for extra resources to pay for labour or purchase other inputs. This in turn enables them 

to find time and resources to establish and manage improved fallows. 

Farmers that are involved in on-farm experimentation of agroforestry technologies with the 

researchers are more likely to adopt than those who are not (Phiri et al., 2004; Keil et al. 
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(2005). Keil et al. (2005) reported a 75.5 percent adoption rate of improved fallows among 

experimenting farmers. 

Farmer awareness of a problem with land productivity encourages them to seek possible 

solutions to address it. Franzel (1999) revealed that when farmers are aware they had to 

improve their soil in order to increase production, and their obvious alternative of inorganic 

fertilizer was not available, they were likely to take up improved fallows as the option. 

Farmers have several soil fertility improvement technologies to select from such as 

agroforestry technologies, crop rotation, animal manure, inorganic fertilisers and conservation 

farming. Place and Dewees (1999) indicated that competition exists between all organically-

based soil fertility replenishment systems and mineral fertilizer options, and a fertiliser 

subsidy acts as a disincentive to using organic-based systems. Keil et al. (2005) also 

concluded that improved fallows could only be suitable in situations where there was 

inadequate access to markets for fertiliser, but that this result also depends on the wealth 

status of a household. Sometimes fertilisers could be available but farmers may not have the 

cash to purchase it. This finding fits with the characterisation by Kwesiga et al. (2003) who 

reported improved fallows as a technology for farmers that cannot afford fertiliser and have 

no access to animal manure. Therefore, socioeconomic factors play an important role in 

determining the type of soil fertility management technology that a particular farmer gets to 

use. 

In addition to bio-physical characteristics, farming systems are also constrained by socio-

economic as well as cultural constraints (Giller et al., 2009). According to Giller et al. (2009) 

lack of uptake of some of the soil fertility management and productivity options result from 

farmers lacking the resources required to use a new technology and not due to technical 

problems with the new options. Marenya and Barrett (2007) also found that resource 

constraints were limiting many smallholder farmers in Kenya from adopting integrated soil 

fertility management techniques. 

Sometimes, farmers do not adopt because the technology does not fit with existing practices. 

Farmers‟ involvement in new technologies requires tradeoffs with other activities from which 

they currently generate their livelihood (Giller et al., 2009) and if the new technology does 

not fit with them, they will hesitate to take it up. This is not to say that technology-specific 

factors would not influence adoption. Doss and Morris (2001) have indicated that there are 

certain technology specific factors that influence adoption decisions. 
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Information and knowledge about a given technology is considered as key to adoption of 

agricultural practices. Knowler and Bradshaw (2007) have reiterated the importance of 

information, and that its availability has been found to correlate with adoption of conservation 

agricultural technologies. They show that information becomes important with increase in 

degree of complexity of the technology. Agroforestry technologies have been acknowledged 

to be knowledge intensive and therefore require extensive exposure to farmers in order to 

promote their adoption (Ajayi, 2007; Place et al., 2002). Farmers could be exposed to such 

technologies through involvement in on-farm research, field days, training at a farmer training 

centre as well as through arranged farmer exchange visits. When farmers are exposed, they 

learn visually and easily get convinced of the benefits in a way that is different than when 

they are told theory. Pretty (1995) reiterates that farmers do learn more from what they see 

than just what they get told. Abadi Ghadim and Pannell (1999) also have shown how learning 

over a given period of time is a significant factor in the adoption process of technologies. The 

assumption therefore is that farmer‟s exposure to agroforestry technologies would reduce their 

uncertainty and improve chances of adoption for agroforestry. Glendinning et al. (2001) 

found access to information as an important factor that influences adoption decisions in India. 

Warner (2006) recognises the social learning processes as best means to implement agro-

ecological strategies and concludes that such an approach would require active participation 

by farmers and not just the passive receiving of expert knowledge. He also proposes that 

extensionists should rethink their role as experts. How then can researchers and extensionists 

of agroforestry help farmers to learn about new technologies in order to enhance the adoption 

of agroforestry? Both Warner (2006) and Conley & Udry (2001) studied social learning as a 

means for extending farmers‟ knowledge and found it to be an important factor in influencing 

farmer involvement. Current extension systems that include farmers as extension agents have 

their own shortcomings. Kiptot (2006) noted that not all farmers receive technical information 

that is required to implement agroforestry technologies and that in cases where some 

information was given, its quality was not of the expected standard. Generally however, 

provision of information about a particular technology improves its adoption ability. 

Agroforestry technologies require access to germplasm, specific skill and knowledge, and 

according to Styger and Fernandes (2006) these often limit the adoption of such technologies. 

Peterson (1999) found a lack of germplasm (seed and seedlings) as one of the reasons for 

farmers not practicing improved fallows. Ajayi et al, (2006c) also list access to good quality 

seeds as one of the factors affecting adoption of agroforestry in Zambia. When farmers do not 

have planting material, they would not consider establishing a fallow or any tree crop. Lack of 
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germplasm remains a challenge to adoption of agroforestry (Kwesiga et al., 2003). When 

farmers get exposed to agroforestry during field days or through testing different species on 

their farms, they eventually select which species best suit them. Farmers have their own 

criteria for testing which species are suitable for improving soil fertility, availability of fodder, 

and fuelwood requirements (Kuntashula et al., 2004). Therefore, this puts pressure on 

available seed for favoured species. In Zambia for example demand for Gliricidia sepium 

seed surpasses that of other agroforestry species. 

Mercer and Miller (1998) have suggested that perceived risk and uncertainty about 

agroforestry could explain the low adoption rates. According to Pannell (2003) uncertainty is 

one of the key factors inhibiting uptake of land conservation practices in Australia, but also a 

factor which has not been extensively researched by agricultural related adoption studies. 

Pannell attributes the under-recognition of uncertainty to the focus of adoption studies on 

short-term productivity oriented practices. When farmers invest in planting trees, they involve 

themselves in an activity that has uncertain outcomes, and one that requires them to wait 

longer before they can yield results. Even when farmers are presented with information about 

the benefits of the technologies, they still consider the labour investment for planting trees and 

the non-immediate returns before they could consider planting. So instead of putting land to 

tree fallow, they would rather grow crops even without fertilizer as they feel that this reduces 

the uncertainty. 

Negata and Parikh (1999) suggest that farmer‟s perceptions regarding new technologies make 

a difference. Zubair and Garforth (2006) attribute the low uptake and lack of people‟s 

participation in farm forestry activities to very little or no emphasis being placed on 

understanding the perceptions of local people or potential beneficiaries of projects. Similarly, 

Keil et al. (2005) established that the probability of improved fallow adoption increases when 

farmers perceive low soil fertility as their current problem. The limited acceptance of 

agroforestry activities is also said to be due to lack of attention that researchers and 

extensionists give to the farmers‟ views of the factors that influence their decision such as 

local conditions, cultural values, people‟s needs and the importance of local participation 

(Zubair & Garforth, 2006). 

Opio (2001) found that lack of security of tenure was hampering female farmers from 

participating in the establishment of Sesbania sesban fallows in Katete District of Zambia. 

Equally the synthesis by Ajayi et al. (2003) revealed that three (3) studies had found farm size 

to have a positive association with farmers‟ decisions to plant and even continue with 

improved fallows although the latter finding is not associated with gender. Zambia has dual 
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land tenure systems, the statutory and customary tenure systems (van Asperen & Mulolwa, 

2006). Nearly all small-scale farmers fall within the customary tenure system whereby 

families depend on acquiring land through ancestry accession. This implies that each family is 

restricted to sharing land that belongs to their forefathers. Therefore as family size increases, 

their share of land gets smaller since they have to pass on portions to the younger generation. 

Some farmers end up cultivating on borrowed or rented land. In this circumstance, long term 

investments to land would not be feasible for them. In communities where potential adopters 

cultivate such land, adoption of agroforestry is expected to be low. The extent to which 

smallholder farmers depend on borrowed or rented land for their agricultural activities is not 

well known. There is need to establish the minimum required land size for a farmer to be able 

to engage in agroforestry practices and the percentage of farmers above that threshold. 

Equally important is the examination of whether the customary tenure system is sufficient in 

itself to support agroforestry. There are however no other reports apart from Opio‟s (2001) 

that reports insecurity of tenure as a hindrance to adoption of agroforestry in Zambia. 

It is envisaged that farmers who practice natural fallowing would easily adopt improved 

fallows. This would entail farmers planning for their fallows and determining beforehand 

which fields to set under which type of fallow. However, Franzel (1999) and Place & Dewees, 

(1999) found that farmers rarely plan for fallowing the land but are forced to fallow when the 

harvests get too low, and when they cannot afford mineral fertilisers. If farmers do not plan 

for establishment of improved fallows they would be prolonging their waiting time to achieve 

benefits. The inability to wait two years to see benefits constrains establishment of improved 

fallows (Peterson, 1999). However, if the benefits of improved fallows among adopting 

farmers have demonstrable and measurable impacts, other farmers could be convinced to test 

the technology. Based on the findings of Keil et al. (2005) of 75.5 percent adoption among 

experimenting farmers, then overall adoption would increase. Farmers‟ planning time 

horizons are usually short (Vosti & Witcover, 1996). The short planning spans influence how 

well environmental practices are fitted with other farm decisions (Vosti & Witcover, 1996). 

Gladwin et al. (2002a) report that what motivated the women farmers in Eastern Province to 

establish an improved fallow was the realisation that their soil was depleted; fertiliser was 

expensive and that their maize harvests could not meet their yearly consumption requirement. 

There appears to be a relationship between farmers‟ ability to purchase or access fertiliser and 

establishing a fallow. When farmers can afford fertiliser, they prefer to use it to improve crop 

productivity than establish a fallow that they have to wait for two to three years before they 

can see the benefits. 
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Age has only been found to be significant in deciding whether to continue with the 

technology or not (Ajayi et al., 2006a). Older farmers were not willing to continue with the 

technology as compared to younger ones. 

Other factors influencing farmers‟ decisions to get involved with agroforestry include 

availability of labour supply (Ajayi et al., 2006a). Keil et al. (2005) also found that only 14% 

of the adopting farmers were willing to expand beyond the experiment size, citing limited 

land and labour as constraining factors to expansion. The limitation of labour is supported by 

Styger and Fernandes (2006) who indicate that improved fallows get adopted where labour 

and technologies are readily available. Levels of poverty could also explain the low rates of 

adoption of agroforestry. According to Keil et al. (2005) farmers that were classified as poor 

and very poor had lower rates of adoption. Considering that farmers have to wait longer 

periods of time to see the benefits of agroforestry technologies means that a farmer would 

need to have other ways of survival during the establishment stage of improved fallows. 

Farmers have different livelihood strategies in rural areas. Some sell their labour to other 

farmers as means to earn income or simply work for food on a daily basis. All this is done at 

the expense of them working on their farms. According to Ajayi et al. (2006a), such farmers 

perpetually remain hungry. Labour is considered a limiting factor, not only to a farmer‟s 

decision to practice agroforestry (Ajayi et al., 2003) but also to the expansion of the practices 

(Keil et al., 2005). Ajayi et al. (2003) propose a study to provide detailed information on 

extent and exact nature of the relationship between sale of household labour, food security 

and farmers‟ decision to test improved tree fallow technology. 

Although Keil et al. (2005) found land to be a limiting factor to increasing the size of portions 

grown to improved fallows, Styger and Fernandes (2006) found that in Central America, 

planted fallows even get adopted in areas where land is limited since farmers have to intensify 

their production and are forced to improve the only available pieces of land. Peterson (1999) 

found that lack of awareness about agroforestry was limiting the farmers‟ involvement in 

establishing improved fallows in Eastern Province. 

Agroforestry policy context 

Agroforestry has a strong interconnectedness with both agriculture and forestry. Support for 

agroforestry is reflected in the agricultural and forestry national policies (Ministry of 

Agriculture and Co-operatives, 2005). There are specific policies, institutional and incentive 

structures that are needed to speed up the adoption process (Jansen et al., 2006; Place and 

Dewees, 1999). ICRAF (2007) indicates that agroforestry has been overlooked in terms of 
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policy, and that its association with both agricultural and forestry policies has often affected 

agroforestry negatively. Forestry policies are well known to be protective of the forestry 

resource but in the process of protection, they provide a disincentive for farmers to grow the 

trees (ICRAF, 2007). On the other hand the agricultural policy centres on increasing 

productivity without much emphasis on the tree component on farm. Such policy constraints 

have affected the performance of smallholder farming (ICRAF, 2007). Policy effects could be 

addressed at farm, community and national or regional levels (Place & Dewees, 1999). Place 

and Dewees (1999), also emphasise the need to involve local communities in the policy-

making process to make them more informed. 

The Zambian government generally supports agroforestry but the details on how policies 

should be implemented often remain contentious. For instance training in agroforestry is done 

by the School of Natural Resources at the Copperbelt University and also at Zambia Forestry 

College and yet the implementation of agroforestry research and extension is the mandate of 

Ministry of agriculture. There is need to establish a system that helps to synchronise and this 

through mainstreaming of agroforestry in appropriate sectors. 

Agriculture research and development are governed by the agricultural policy of Zambia. 

Within it are guidelines on what and how agricultural related programs should function 

(Ministry of Agriculture and Co-operatives, 2005). Therefore, the policy pronouncements for 

each season also shape how farmers focus on their years‟ agricultural activities and goals. The 

past 20 years have seen agroforestry research and development projects mainly promoted by 

international organisations and non-governmental organisations, with a component in the 

research team. There appears to be no policy components that mandate the government to 

ensure financial support for agroforestry work. 

The study by Ajayi and Kwesiga (2003) looked at how local policies and institutions impact 

on adoption of improved fallows and concluded that the local institutional arrangements and 

the pattern of distribution of benefits are important in enhancing or inhibiting widespread 

uptake of the technology within the community. The study also shows how unfamiliar some 

of the farming communities were with the local policies and the farmers‟ feeling that the 

national level enacted policies would be more effective. They reveal that there are local 

customary practices and institutions that limit uptake of improved fallows. The issue of how 

people manage fires and animals especially in the dry season affects tree planters. The 

findings show that, during the dry season, most of the fields are dry and there would only be 

agroforestry trees as green matters and so animals get attracted and either browse or trample 

on them (Ajayi & Kwesiga, 2003). Equally, since the fields remain deserted for most of the 
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time, fires that are started by mice hunters or smokers are left to sweep through fields 

uncontrolled. As the dry season is crucial to tree growth, there is need to manage fires and 

free grazing using local by-laws (Ajayi & Kwesiga, 2003). These by-laws have not been 

documented and are therefore prone to misinterpretation by the local communities. Equally, 

enforcing these by-laws, such as one of ensuring animals are herded throughout the year, 

would mean increased workload on certain groups within the households, especially children, 

as compared to others (Ajayi & Kwesiga, 2003). Since policy plays an important role in 

influencing farmers‟ decisions and subsequently the adoption of agricultural practices 

(Sechrest et al., 1998), a study on the extent to which agricultural and forestry policies include 

and promote the adoption of agroforestry is necessary. The extent to which the local by-laws 

build into the national policies is also worth investigating. 

2.6 Theories of adoption and diffusion 

2.6.1 Diffusion of innovations theory 

Everett Rogers formalised the theory of diffusion of innovations in his classic book, Diffusion 

of Innovations (Rogers, 1962). According to Rogers (1983), French sociologist Gabriel Tarde, 

one of the forefathers of sociology and social psychology, observed that the rate of adoption 

of a new idea followed an s-shaped curve over time, with only a few individuals initially 

adopting a new idea and the number increasing as large numbers begin to accept the 

innovation, and that the adoption rate finally slackens (Tarde, quoted in Rogers, 2003). Tarde 

reckoned that the s-curve of adoption began to occur when the opinion leaders in a system 

used the new idea. He had observed that an innovation is first adopted by an individual who is 

socially closest to the source of the new idea, and that it spreads gradually from higher status 

to lower status individuals. Tarde‟s proposed „law of imitation‟ says that “the more similar an 

innovation is to those ideas that have already been accepted, the more likely the innovation is 

to be adopted” (Tarde, quoted in Rogers, 2003). This is similar to the compatibility attribute 

considered by Rogers (1983). 

Diffusion is the process in which an innovation is communicated through certain channels 

over time among the members of a social system until a large number of them have adopted it 

(Mosher, 1978; Rogers, 2003). It is considered a special type of communication which is 

concerned with the spread of messages about the new technology. This usually leads to 

alterations in the social structure of function of a social system. Some of the authors restrict 

adoption to referring to unplanned spread of new ideas and such authors use dissemination to 

refer to diffusion that is directed and managed (Rogers, 2003). However in his model, Rogers 
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uses the term diffusion to include both the planned and spontaneous spread of new ideas. 

Diffusion theory describes the patterns of adoption and is used to explain the mechanisms by 

which adoption occurs and also to predict whether a new innovation will be successful or not. 

The early study by Ryan and Gross (1943) on diffusion of corn seed in Iowa was the first 

visible piece of writing on diffusion. It is said to have led to the discovery of diffusion as an 

autonomous process that multiplies the impact of research and extension (Roling, 2009). 

Griliches explored of the wide differences in the rate of adoption of hybrid corn in 1957 

(Griliches, 1957a, 1957b). 

Four crucial elements are identified in the diffusion of new ideas: (1) innovation, (2) 

communication channels, (3) time and (4) the social system (Rogers, 2003; Rogers & 

Shoemaker, 1971). 

An innovation is defined as an idea, practice or object that is seemingly new to an individual 

or other unit of adoption, irrespective of the lapse of time since its first use or discovery 

(Rogers, 1983, 2003). In terms of agricultural innovations, an innovation could also refer to as 

a changed practice (Mosher, 1978). Newness of an innovation could take the form of new 

knowledge, development of a favourable attitude toward something one has never practiced, 

and or making the decision to adopt it. This includes things like a new piece of machinery, a 

new method of cultivation, recommendations to sow a new variety/cultivar which has 

improved agronomic properties over one previously grown, or the provision on the fate of a 

commonly used insecticide (Guerin & Guerin, 1994; Rogers, 2003). It might also just involve 

a new combination of existing knowledge (Rajalahti Sr., 2009). Value adding may also be 

considered as technological innovation (Guerin & Guerin, 1994). The ability to innovate is 

often related to collective action and knowledge exchange among diverse actors, incentives 

and resources available for collaboration, and also having in place conditions that enable 

adoption and innovation (World Bank, 2006). 

Research into the rate at which various innovations have been adopted indicates that there are 

not only identifiable „people‟ differences in innovativeness, but there are also „innovation‟ 

differences that may affect the rate of adoption (Lees, 1990). The agronomic acceptability of 

technological change is more likely than its socioeconomic implications to receive attention 

from technology adoption studies a priori (Vosti et al., 1997). An agronomic characteristic 

(provision of multiple products) combined with socioeconomic characteristics (household 

labour patterns, product markets, producers‟ knowledge of marketing) can influence the 

farmer‟s decision to adopt, the effects of adoption, or both (Vosti et al., 1997). 
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Communication channels are the second main element in the diffusion of new ideas. Whereas 

communication refers to the process by which participants create and share information with 

one another about the new technology/innovation in order to reach a mutual understanding, 

communication channels are the means by which messages get from one individual to another 

(Rogers, 2002, 2003). Mass media channels are said to be more effective in creating 

knowledge of innovations but interpersonal channels are effective in forming and changing 

attitudes toward new ideas and therefore influence the decision to adopt (Rogers, 2002). The 

potential advantage of a new idea impels an individual to exert effort to learn more about the 

innovation with information subsequently reducing the uncertainty about the innovation‟s 

expected consequences and helping the potential user to make an adoption decision (Rogers, 

2003). The evaluation process continues through use of the new idea as well by observation of 

peers who have adopted the innovation. 

The third element in the diffusion process of a new idea is time. The time dimension is 

involved in the diffusion process by which an individual passes from the first knowledge to 

time of adoption; the innovativeness of an individual compared to others within the system; 

and by the rate of adoption which is usually measured by the number of adopters over time. 

Innovation decision process 

 

Adoption of innovations needs to be looked at as innovation-decision processes, which 

continue to take place as long as the innovation remains viable (Guerin & Guerin, 1994). 

According to Rogers (2003), there are five steps in the innovation decision process: 

1) Knowledge stage during which an individual becomes exposed to the new idea and 

develops an understanding of it. It relates to the process of familiarizing with an innovation 

(awareness knowledge) that it exists, how to use it (how-to knowledge), and what the 

innovation is for (principles of knowledge). Sometimes a results demonstration is inevitable 

as a first step to decision making (Mosher, 1978); 

2) Persuasion stage is one where individuals are able to persuade themselves, or get persuaded 

by others. The decision maker actively searches for more information about the innovation. It 

shows a level of interest, with a person believing it as a possibility for them (Mosher, 1978). 

The focus is finding the reliable sources of information, a sufficient quantity and quality of 

the information and the strategy to construe the information. The benefits and costs of an 

innovation are evaluated and some social justifications are sought for developing her/his 

(negative or positive) perception on the innovation. This is an important stage in that it 

determines if one will continue with it or not (Mosher, 1978); 
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3) Decision choice or evaluation stage is the stage where the decision maker gets involved in 

on-farm trialling, either by conducting the experiments themselves or by observing what 

happens when other farmers or peers trial it (Mosher, 1978). Farmers get more information 

about the new innovation. Trialling a new idea is one way to cope with the inherent 

uncertainty about the consequences of an innovation or technology (Rogers, 2003). At this 

stage, the farmer decides to accept or reject the new idea; 

4) Implementation stage is when an innovation is put into use, at this stage, farmers require to 

acquire necessary skills, commit land to that new innovation and observe the performance of 

it (Mosher, 1978); and lastly 

5) Confirmation stage is the stage when an individual seeks justification about their decision. 

Depending on what kind of messages they receive and how conflicting with their current 

farming systems the messages they get exposed to, individuals may or may not reverse their 

decisions. 

Categorisation of adopters 

 

Categorising adopters into classes is one way in which the time element is considered in the 

innovation decision process (Rogers, 2003). Rogers and Shoemaker (1971) found that the 

distribution of the adopters of an innovation over time follows a normal bell shape (diffusion 

curve). The diffusion curve implies that the diffusion of an innovation is slow at the 

beginning, but as more awareness is created and results are evaluated and observed, diffusion 

becomes more rapid, with the rate of diffusion slowing down again after many farmers have 

adopted the innovation (Mosher, 1978). This distribution curve categorises adopters into five 

classes on the basis of innovativeness including: innovators; early adopters; early majority; 

late majority; and laggards (Rogers, 1983, 1995, 2003; Rogers & Shoemaker, 1971). This 

kind of classification is a problem to use in the situation where adoption has not reached 100 

percent use (Rogers, 2003) as it does not include those that cannot be grouped within the five 

groups, the discontinuance and non-adopters. 

The social system is the fourth element in the diffusion of new ideas and is defined as a set of 

interrelated units that are engaged to solve a joint or common problem. The social system has 

an influence in the diffusion of new ideas as innovations can be adopted or rejected by either 

an individual or the entire system. 
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2.6.2 Diffusion and adoption models 

There are different types of models that have been used to explain adoption decisions for new 

technologies. However, no single model can embrace and explain all aspects of adoption and 

the traditional attitude of smallholder farmers towards technologies (Thangata & Alavalapati, 

2003). Examples of models that have been used to explain adoption include the Technology 

Adoption model (Davis, 1989), and the classical Adoption-Diffusion of innovation model 

(Rogers, 1983). 

2.6.2.1 The Adoption-Diffusion Model 

The adoption-diffusion of innovations model (Rogers, 1962) is a useful model for 

understanding farmers‟ decision making processes when they consider taking up and 

eventually adopting new technologies. Adoption is reached after an innovation-decision 

process that occurs in a presupposed five-step time-ordered sequence namely: knowledge; 

persuasion; decision; implementation; and confirmation (Rogers, 2003). This model assumes 

that the heart of the diffusion process lies in the modelling and imitation by potential adopters 

of their neighbours with the new practice (Rogers, 2003), and that the tendency to adopt new 

practices rely on: 1. the relative innovativeness and; 2. the personal attributes of farmers, with 

some farmers adopting innovations more quickly than others (Jangu, 1997). There is an 

assumption in this model that research generates information that is inherently valuable, 

desirable and suitable for increasing farm production and productivity (Jangu, 1997). 

A farmer is said to have adopted an innovation after at least two repeated uses (Mosher, 

1978). It is worth noting that farmers that have adopted a particular innovation may decide to 

discontinue or dis-adopt. Cary et al. (quoted in Guerin & Guerin, 1994) found in Australia a 

dis-adoption rate of 1 in 3 among farmers that had successfully adopted conservation tillage 

practices (Guerin & Guerin, 1994). Farmer rejection or dis-interest to trial it again may not 

necessarily be due to fault in the extension service but may include other factors such as 

topography (Mosher, 1978). 

The role of extension in the adoption process is crucial to improving adoption of agricultural 

technologies. Extension agents help farmers to become aware of the new possibilities, help 

them to evaluate it and also later trial it on their farms, ensure that messages are provided in 

the forms that are best suited to the capability of farmers in question (Mosher, 1978). Factors 

that influence the comparative efficiency of different extension methods at different stages in 

the adoption process include differences in the degree of literacy, percentages of homes with 

radios, national broadcasting policies (Mosher, 1978). Extension agents also need be aware 

that farmers are at different stages in the adoption stage at different times and can therefore 
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not plan to disseminate only certain stages of the innovation at any given time but to have 

contingencies to cater for different speeds (Mosher, 1978). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1: Illustration of the adoption-diffusion model adapted from Rogers (2003) 

 

Rogers (1983, 2003) suggests five groups of important factors influence the rate of adoption 

of an innovation: perceived attributes of the innovation; type of innovation-decision; 

communication channels; the nature of the social system; and the extent of change agents‟ 

efforts in promoting the use of the innovation (Figure 2-1). The rate of adoption is measured 

as the number of individuals that adopt a technology within a specified period of time; the 

perceived attributes are said to explain between 49 and 87 percent of variance in the rate of 

adoption. The characteristics of innovation that determine its rate of adoption and might be 

used in analysing and predicting the rates of adoption include relative advantage, 

compatibility, complexity, trialability and observability (Rogers, 1983, 2003) as described 

below. 

Relative advantage refers to the degree to which an innovation is perceived as being better 

than the idea it supersedes (Rogers, 2003). Relative advantage could be measured in economic 

terms, although social prestige, convenience and satisfaction are important factors too 
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(Rogers, 2002). An innovation is perceived as compatible when it is consistent with the 

existing values, past experiences and needs of potential adopters. An idea that is more 

compatible is less uncertain to the potential adopter. Complexity is the degree to which an 

innovation is perceived as relatively difficult to understand and use. Research evidence 

suggests that the complexity of an innovation, as perceived by members of a social system, is 

negatively related to its rate of adoption. The degree to which an innovation may be 

experimented with on a limited basis is referred to as trialability whereas observability is the 

degree to which the results of an innovation are visible to others. Both trialability and 

observability of an innovation are perceived by members of a social system as being 

positively related to rate of technology adoption (Rogers, 1983, 2003). As there has been little 

research for the other variables, the amount of variance that is explained by them has not been 

determined (Rogers, 2003). And although the range of variability explained by the perceived 

attributes of the innovations is high, it is inconclusive that the innovation attributes alone are 

what determine adoption. 

Roling (1988) criticised this theory as being top-down‟ in orientation and therefore flawed by 

its lack of attention to farm variables in its packaging. Other shortcomings include: 

implementation problems especially in the case of choice of contact farmers (Moore, 1984), 

lack of research-extension linkage (Chapman, 1988), and poor linkage with farmers at field 

level (Dejene, 1989). The diffusion theory is also said to assume that all members of a social 

system are potential adopters. Although sometimes adoption may fail due to an innovation 

being a bad idea or it not fitting within the socio-economic context, this theory does not seem 

to assume so. The theory is also biased toward individualism and suggests that laggards and 

late innovators are responsible for their failure to adopt, yet the social systems have collective 

responsibilities (Kiptot, 2007). Equality gaps are also another criticism of this theory. Goss 

(1979) also criticised the classic diffusion model that it lacks applicability to a cross-cultural 

context. 

Some of the critics of the diffusion model have indicated that adoption does not necessarily 

follow the suggested stages from awareness through to confirmation as it is not always 

necessary to trial a new innovation. However, the classic diffusion model does not postulate 

so but argues that the concept of innovation is subjective and that individual users reach 

particular stages at different times (Guerin & Guerin, 1994). And as we will see later, the 

findings of this study show that trialling of agroforestry technologies is critical to increasing 

its adoption. 
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Despite several criticisms, the diffusion of innovation theory forms the basis of most of the 

adoption and diffusion research, with parts of the theory still being applicable even with it 

being a linear top-down model that ignores farmer innovations and the complexity of the 

smallholder farmers‟ social circumstance. According to Guerin and Guerin (1994) this 

diffusion theory has made a valuable contribution and is still a useful model for the analysis 

of the adoption of agricultural innovations, and that other conceptual models of adoption, 

though varied in their details, do recognise the multistage decision process and act as 

complements to it. Malik (1991, quoted in Guerin & Guerin, 1994) argued that there is no 

single diffusion or extension model that can satisfy all situations in need of the technology 

transfer. 

2.6.2.2 The technology acceptance model 

The technology acceptance model (TAM) is an adaptation of the theory of reasoned action 

(TRA) (Ajzen, 1991; Ajzen & Fishbein, 1980), which is a psychological model that proposes 

that a person‟s attitude toward a technology plays an important role in determining their 

behaviour towards it. The TAM was developed by Davis (Davis, 1989; Davis et al., 1989) to 

explain computer-usage behaviour. It is an information systems (System consisting of the 

network of all communication channels used within an organization) theory that models how 

users come to accept and use a technology. The model suggests that a number of factors 

influence potential users‟-decisions about how and when they will use a new technology. This 

model proposes user acceptance and eventual use of a technology are determined by two 

aspects: (1) Perceived usefulness (PU) defined as "the degree to which a person believes that 

using a particular system would enhance his or her job performance"; and (2) Perceived ease-

of-use (PEOU) defined as "the degree to which a person believes that using a particular 

system would be free from effort" (Davis, 1989) (Figure 2-2). 

 

 

 

 

 

 

Figure 2-2: The Technology Adoption Model adapted from Davis (1989). 
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The Technology Acceptance Model (TAM) specifies the causal relationships between system 

design features, perceived usefulness, perceived ease of use, attitude toward use, and actual 

usage behaviour. Overall, the TAM provides an insightful representation of the mechanisms 

by which design choices influence user acceptance, and should therefore be helpful in applied 

contexts for forecasting and evaluating user acceptance. 

This model has been used mostly in information technology i.e. on technology transfer and 

acceptance of computers and their associated software (Al-Gahtani & King, 1999; Davis, 

1989). Flett et al. (2004) also report its application in a study by Goette (1995) of the use of 

adaptive technology by people with disability. Recently, a study was done in New Zealand to 

apply the TAM to understand the adoption of dairy farming and the model is said to have 

successfully classified 72 per cent of the dairy farmers as users or non-users of the technology 

(Flett et al., 2004). There are no examples of the use of TAM to explain agroforestry or 

natural resource related adoption. 

2.7 Chapter summary 

This chapter has presented a review of relevant literature for the study. The chapter gives a 

background to agroforestry research and its development in Zambia; describes the 

agroforestry technologies developed and promoted to smallholder farmers; describes 

agricultural extension and links that to agroforestry extension; and also reviews literature on 

adoption of agroforestry. The latter part of the chapter is a review of the theories of adoption 

and diffusion. Two adoption models have been described and explained: the Adoption-

Diffusion Model and the Technology Adoption Model. The Adoption-Diffusion model 

identifies five factors as influencing the rate of adoption of an innovation: perceived attributes 

of the innovation; type of innovation-decision; communication channels; the nature of the 

social system; and the extent of change agents‟ efforts in promoting the use of the innovation. 

The Technology Adoption Model (TAM) attributes adoption as being determined by two 

aspects namely: perceived usefulness; and perceived ease-of-use. Scrutiny of the TAM 

showed that these two attributes could be embedded in the attribute that Rogers defines as 

„perceived attributes of the innovations‟. Therefore, this thesis will use Rogers‟ model as a 

theoretical framework to answer research questions on factors influencing trialling and 

adoption of agroforestry and they are addressed in Chapters 4, 5 and 6. Chapter 7 includes a 

suggested modification of the same model. The next chapter will describe and discuss the 

methodology used. 
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    Chapter 3 

Research methodology 

3.1 Introduction 

This chapter will discuss and describe in detail the rationale for the chosen methodology, the 

research processes and the statistical analysis procedure used. Details provided include how 

the research was done, how the samples were collected, how data were collected, data 

management, choice of statistical methods and how data were analysed. It also discusses the 

limitations of the study. 

3.2 Description of study area – Eastern Province, Zambia 

Zambia is landlocked country extending from 8
o
10‟ South to 18

o
04‟ South and from 21

o
58‟ 

East to 33
o
42‟ East. It has a total area of 752,618 square kilometres (CIA, 2010). The total 

land area is 743,398 square kilometres, of which 355,890 square kilometres are used for 

agriculture (CIA, 2010; FAO, 2010). Zambia is administratively divided into nine (9) 

Provinces namely Eastern, Central, Copperbelt, Northern, North-western, Luapula, Lusaka, 

Southern and Western Provinces. 

The Eastern Province is located between 10 30 to 15 South latitude and 30 25 to 34 East 

longitudes. It covers a total area of 69 000 square kilometres, representing nine percent of the 

total land area of Zambia (Ngugi, 1988). It shares international borders with Malawi to the 

East and Mozambique to the South. Within the country, it shares borders with Northern and 

Central Provinces to the Northwest and Lusaka Province to the Southeast (Figure 3-1). 
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Figure 3-1: Map of Zambia highlighting the study area 

Source: http://www.Britannica.com retrieved 5th March 2007 

 

Eastern Province is essentially a plateau and is composed of undulating hills at an average 

altitude of 900-1500 metres above sea level (Ngugi, 1988). Most rivers in the Eastern 

Province are seasonal and flow from December to August. The Eastern Province experiences 

a tropical to sub-tropical climate with three distinct seasons: a warm wet season from 

November to March, a cool, dry season from April to mid August; and a hot dry season from 

September to October (Ngugi, 1988). Precipitation averages 800-1000mm per year, although 

when droughts are experienced, rainfall averages less than 600mm per year. The length of the 

growing season ranges from 139-155 days. In the wettest month of December, mean monthly 

rainfall averages 231 mm (Ngugi, 1988). Average daily temperature minima and maxima vary 

from 18-31C during the hottest month of October to 6-23C during the coldest month of 

July. 

Zambia‟s total population in 2000 was estimated at 9,885,591 (Central Statistical Office, 

2003a). The total population estimate for Eastern Province was 1,306,176, which accounted 

for 13.2 percent of the total Zambian population (Ngugi, 1988). The national average 

population density is 13.1 persons per square kilometre (Central Statistical Office, 2003b) 

while that of Eastern Province is above the national average at 18.9 persons per square 

http://www.britannica.com/
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kilometre (Central Statistical Office, 2003a). Farmers live in clustered settlements referred to 

as villages of up to 100 homesteads (Ngugi, 1988). Most of these villages are remote, with 

little or no access to research and extensions, high-yielding seed varieties, capital and credit 

facilities, fertilizers and pesticides (Kwesiga et al., 1999; Place & Dewees, 1999). 

Eastern Province has approximately 3.8 million hectares of arable land (out of 6.9 million ha 

total) although only 35 percent of the arable land is currently utilised (Peterson et al., 1999). 

Almost 75 percent of the total labour force in the Eastern Province is involved in agriculture, 

forestry and fishing. The main land-use system is the maize-livestock system. The agricultural 

crops grown in the area include maize (Zea mays L.), groundnuts (Arachis hypogaea L.), 

cotton (Gossypium spp.), tobacco, sunflower (Helianthus annuus L.), sweet potatoes, cowpeas 

(Vigna unguiculata), soybeans, sugarcane, cassava (Manihot utilisma), beans (Phaseolus spp.) 

and vegetables (Central Statistical Office, 2003c). Maize accounts for about 80 percent of the 

total area (Franzel et al., 1999b). Livestock are another major agricultural product (Central 

Statistical Office, 2003c). Agriculture accounts for 84 percent of the household income in 

Eastern Province (Franzel, 1999). Major off-season activities include blacksmithing, basket 

making, reed mat production, beer brewing, carpentry, charcoal production and gardening 

(Peterson et al., 1999). 

3.3 Research design 

Research on agroforestry in Zambia has mostly been done in Eastern Province, whose land 

use system is the maize/livestock type. Although the problems of declining soil fertility are 

widespread throughout the country (Kwesiga & Kamau, 1989), Eastern Province was selected 

for agroforestry research and development because of its high potential as the breadbasket of 

the country (Dzowela, Nair and Mafongoya, 1998). It was on that strength that the province 

was selected as a study site. 

Agroforestry research and development have occurred since the late 1980s. This study 

targeted smallholder farmers, who are usually resource poor and would benefit from adopting 

agroforestry technologies. Both the research and development programmes on agroforestry 

have been targeting this group of farmers. Others that were included in this study were key 

informants, whose role was to provide insights into the undertakings of agroforestry since its 

inception in the 1980s. The key informants included a broad range of people from Ministry of 

Agriculture, NGOs, CBOs and the local leadership of the communities from which the 

individual survey was conducted. The analysis is however based on feedback obtained from 

the farmers themselves. 
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3.4 Sample selection 

The sampling population of my study were the smallholder farmers of Eastern Province. The 

criterion for inclusion of farmers in the sample was that they were farmers and that they 

resided in the area of study. Initially, permission was sought from the Provincial Agricultural 

Coordinator (PACO) for the study to be undertaken in Eastern Province. This was done 

through written communication and followed by personal visit and discussion. The PACO is 

the Provincial administrator of all agricultural activities at provincial level. Appointments 

were then made with Camp Officers for them to arrange interviews with farmers of randomly 

selected households. 

Since most of the work in agroforestry is administered by the Zambia Agricultural Research 

Institute (ZARI), contact with the communities was made with the assistance of the National 

Agroforestry Team, with permission from the Deputy Director of Research-Technical. 

3.4.1 Smallholder farmers 

Data was collected from four (4) districts namely Chadiza, Chipata, Katete and Petauke, 

which were purposefully selected for their involvement in agroforestry research and 

development. For budgetary and logistical reasons, two (2) agricultural camps from each 

district were included in the sample and these were also purposefully selected, based on 

deliberate research and development activities, and have had other agricultural technologies 

introduced. This information was obtained from the Ministry of Agriculture and Co-

operatives (MACO) and the World Agroforestry Centre (ICRAF). 

In each of the agricultural camps, a list of villages was drawn up and random sampling was 

used to select villages for inclusion in the sample. The random selection of respondents of 

farmers from each village was then based on the list of farmers that exists with the 

agricultural extension officer or the village register, where present. If records were lacking, 

physical random selection of households was done following a generated random number 

sequence. Appointments were made through the agricultural officer for the farmers to be 

present at their households during the period of administering the questionnaires. 

3.4.2 Key informants 

The Ministry of Agriculture and Cooperatives (MACO) is the institution mandated with 

agroforestry research and development and have staff down to the community level. The 

MACO staff were a useful resource in physically identifying the areas to select for inclusion 

in the sample and the individual smallholder farmers. They also acted as key informants on 
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the progression of agroforestry activities within their jurisdiction, designated as agricultural 

camps. 

The study also included other institutions that were involved in agroforestry research and 

development whose staff acted as key informants on the extent of agroforestry extension, and 

also agroforestry‟s inclusion in existing agricultural and environmental policies. Key 

informants from these institutions were interviewed only if they had agricultural programs 

running within the proposed study site. 

The social set up of rural communities in Zambia are headed by the village headmen and 

chiefs. For each village that farmers were interviewed from, the village headman or any other 

designated person were interviewed as key informant especially on how s/he sees agroforestry 

technologies benefiting farmers in his/her village and beyond. Whereas the headmen were 

intended to be interviewed as key informants, it was found that they were also part of the 

farming community and in most cases preferred to be interviewed as practicing farmers. In 

any case, additional questions were posed to them as leaders of the communities. 

3.5 Data collection 

Field work was conducted over the period of April to September 2008. The timing of data 

collection was selected to coincide with the end of the rain season and the period when 

farmers did not have to lose time from their agricultural activities. Field work was also 

constrained by limited transport. 

Both primary and secondary sources of data were used for collecting quantitative and 

qualitative data for this study (Sekaran, 1992). The main method of collecting primary data 

was through household surveys with smallholder farmers. Quantitative data were collected 

mainly by administering questionnaires while qualitative data were through questionnaire, 

participant observation, transect-walks and interviews with key informants. A combination of 

these methods helped to validate and crosscheck the findings from the survey. According to 

Patton (2002), use of a combination of methods to collect data increases variability since one 

method would be compensating for the weakness of the other. On the other hand, secondary 

sources were used to obtain data on agroforestry research and development in the Eastern 

Province from the office of the PACO, MACO research station, ICRAF, NGOs and CBOs. 

Secondary data on agroforestry extension was accessed from the World Agroforestry Centre 

(ICRAF), who had been spearheading this work in the whole of southern Africa, including 

Zambia. Examples of these data sources include reports, research publications, databases on 

areas of operation and records. 
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3.5.1 Household surveys 

A household survey was conducted. Data collection was through use of a structured 

questionnaire (Sekaran, 1992) intended to capture basic demographic data, farm level 

production data compared among different agricultural technologies, practices used and 

adopted, extension programs farmers were involved with, benefits derived from such 

involvement, length of involvement, practices promoted by extension and generally if there 

were any local networks that farmers benefited from in terms of knowledge and skills 

acquisition. Farmers were asked for their objective of farming as well as the importance of the 

available technologies to their farming. The questionnaire was chosen as an instrument for 

collecting data because it was easy to use among these smallholder farmers most of whom 

were not able to read and write and depended on someone asking questions, soliciting 

feedback and filling in the answers for them. The questionnaire included both open and closed 

questions. This study also adapted some of the questions proposed for use in the initial 

Technology Adoption Model (TAM) although it did not use the stem questioning technique. 

The adapted question used an either or question to find out perception of usefulness and ease 

of use of technologies that farmers were engaged with. Questions that were asked include: if 

the technology increases production as compared to other older technologies; does the 

technology increase income; does the technology help one to save time so that they could be 

able to do other things; is it easy to learn and understand; is it easy to use. Some of the aspects 

of the original measures would be redundant to apply to these agroforestry technologies, 

considering that they are labour intensive and would not be aiming at improving the speed of 

accomplishing tasks or improving job performance. Therefore, the results obtained of the 

adapted version of the TAM will be based on the yes and no answers to PU and PEOU related 

questions. TAM-related questions were only asked of farmers that had used the agroforestry 

technologies before. 

Ten enumerators were recruited to help with administering the questionnaire and these were 

able to speak the local language, Chinyanja. The enumerators were initially trained especially 

to understand the questionnaire in English, and to administer the questions in the local 

language but record answers in English. Proper training of enumerators, and monitoring them 

during the data collection process, helped to make the data viable (Sekaran, 1992). A pre-test 

of the questionnaire was done within two nearby farming communities and reviewed for 

clarity. Thereafter, the survey was conducted in the eight selected agricultural camps namely: 

Chadzombe and Kumadzi (Chadiza district), Feni and Kapita (Chipata district), Chilembwe 

and Mwanamphangwe (Katete district), and, Chataika and Mondola (Petauke district). 
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Although it was initially intended that 600 farm households be interviewed, this was not 

possible within the timeframe and budget available. Only 388 farmers were interviewed. 

There was a possibility that responses would be distorted due to personal biases by both the 

interviewees and the interviewer (Patton, 2002) but hopefully the training of enumerators and 

the increased number of responses helped to reduce these biases to a minimum. Equally, 

frequent review of administered questionnaires with the enumerators and probing with the 

respondents helped to reduce the biases. 

3.5.2 Interviews and discussions with key informants 

Key informants act as a source of information about the things that cannot easily be captured 

or experienced during the period of study (Patton, 2002). In the case where the interviews 

were undertaken with the key informants, interview notes were taken. It was intended that the 

interviewees would be tape recorded but most of the key informants did not consent, therefore 

the feedback were recorded on paper. Tape recording can sometimes be distracting and 

introduce biased responses if the interviewee is not pre-warned. However, if carefully used, it 

helps to capture details that the informant could explain before the formal discussion 

commences (Patton, 2002). Key informants included PACO – Eastern Province, DACO 

(District Agricultural Coordinator) – Chipata, DACO Katete, DACO Petauke, Senior 

Agricultural Specialist – Technical Services Branch (MACO), Provincial Forestry Officer – 

Eastern, Eight Camp Officers, nine farmer trainers affiliated to Katete District Women 

Development Association (KDWDA), Deputy Director of Research – Technical (Zambia 

Agricultural Research Institute - ZARI). 

3.5.3 Personal observation and transect walks 

Field observations were done to assess the presence of agroforestry established plots. This 

was done through observation during transect walks. Personal observations were conducted to 

analyse actual practices in the natural settings. According to Patton (2002), observations are a 

good way of checking what has been reported in the interview. 

Transect walks provide an opportunity to see the landscape and what practices there are on the 

ground. They are a useful methodology used in ecological studies to estimate populations of 

animals (Stern et al., 2004). In this case, they were used to estimate the number of agricultural 

fields that had agroforestry integrated and also to evaluate the management of agroforestry 

technologies established on farmers‟ fields. They also acted as a means of verification for 

what the farmers indicated during the interview and provide an opportunity to take landscape 

pictures. 
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3.6 Reliability and validity of the instrument and results 

Some of the measures that were taken to minimise error included pilot testing of the 

questionnaire, and the guidance of the assisting interviewers. The sampling procedure that 

was followed also ensured that there was representation of farmers from all the four districts 

in almost equal numbers. 

Interviews are a subjective means of investigation in that the interviewer would choose to tell 

or not tell the truth. Rural people often provide false information for various reasons including 

fear, prudence, ignorance, exhaustion, hostility and hope for benefits (Chambers, 1983). They 

tend to please the interviewers by giving them what they want (Pretty, 1995). As such the 

reliability and validity of the research results are dependent on the truthfulness of the 

interviewees and their perception of the interviewer. 

The usefulness of any measurement instrument is dependent upon that instrument being both 

reliable and valid. Reliability in the context of research can be said to be the accuracy and 

precision of a measuring instrument (Kumar, 2005). An instrument is said to be reliable 

depending on the extent to which repeat measurements made under constant conditions will 

give the same results (Kumar, 2005). Reliability can be determined in various ways including 

test-retest and parallel form to test the stability of the instrument, and the interim consistency 

and split-half reliability to test its consistency (Sekaran, 2003). 

Validity refers to the ability of the instrument to measure that which it is designed to measure 

(Kumar, 2005). A measurement instrument can be considered to have validity if it measures 

that which it purports to measure. Both the reliability and validity of the questionnaire were 

determined during training of enumerators as well as after the pre-test of the questionnaire. A 

check was done on the nature of the feedback that was recorded to check for consistency. 

3.7 Data analysis techniques 

This section presents the analyses conducted to answer research questions two and three of 

the study. Data analysis was carried out using SPSS 15. Raw data from questionnaires were 

checked for eligibility. A coding guide with names of variables and variable labels were 

developed. Codes for missing values were also developed. The data were then entered in 

SPSS for analysis. Initially, minimum, maximum and frequencies and descriptive statistics 

were examined for each variable to check for entry errors and corrections were made upon 

verification with entries in the questionnaire. In some cases, data were plotted for verification 

purposes. Preliminary analyses were done to familiarize with the data. These include 
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frequency distributions, histograms, descriptive statistics, correlations, univariate and 

bivariate plots. Thereafter primary analyses using chi-square test of independence and binary 

logistic regression were done to address the objectives of this study. In the case of continuous 

variables, binary logistic regression was used to determine statistical significance and to 

assess suitability of inclusion of individual variable in the binary logistic regression model. 

Sections 3.7.3 and 3.7.4 explain the analytical procedure for chi-square and logistic regression 

analyses in detail. 

3.7.1 Measuring profitability 

Financial analysis refers to analysis of profitability from the farmers‟ perspective; economic 

analysis to profitability from society‟s perspective (Gittinger, 1982). Both the assessment of 

profitability and financial analysis requires biophysical data to estimate returns, i.e. products 

and services that the technology produces (Franzel et al., 2001b). In order for these data to be 

available, it required that farmers kept a record of their production separately according to 

technologies used. Such data were going to assist with comparisons for production between 

different production systems. However, it was found that smallholder farmers hardly kept any 

records and the least they could provide was through recall methods. Even then, farmers were 

not able to remember yield levels from previous seasons. This therefore required that the 

researcher be present when most of the activities were being undertaken in order to keep a 

record for themselves. As most of the activities were not in season at the time of the research, 

it was not possible to collect this data and it made it impossible to answer the profitability 

question. 

It was intended that a partial budgeting approach be used to measure profitability. A partial 

budget is a technique for assessing the benefits and costs of a practice relative to not using the 

practice, which only takes into account those changes in costs and returns that result from 

directly using a new practice (Franzel et al., 2001b). In addition, a cost-benefit analysis would 

have been done for different farming practices that farmers are involved with to compare 

between technologies. The Net Present Value (NPV) was supposed to be calculated for all the 

systems in order to have values even for systems whose benefits are anticipated in the future. 

NPV was supposed to be used as an indicator of profitability. The values of non-market goods 

such as improved soil structure and other amenity benefits would have been valued through 

the shadow-pricing methods. These measurements were supposed to be done at farm scale 

level. Both qualitative and quantitative methods would have been used to measure farmer use 

and assessments of agroforestry technologies and others that farmers practice (Place et al., 

2002). Data were then to be used to compute benefit and cost ratios for each technology. In 
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order to assess the profitability of using agroforestry, farmers needed to provide information 

on their inputs and outputs for their agricultural activities. Such an approach was used by the 

Australian Center for International Agricultural Research (ACIAR) on a study on integrating 

teak in the farming system in Laos in which they used a financial analysis to appraise 

different farming system options (Midgley et al., 2007). A similar approach was intended to 

be adapted for use in this study. However the data that farmers provided was not sufficient as 

to enable these analyses to be done. Part of the reason was that farmers did not keep any 

records for their farming activities, inputs, yields and other outputs. Such a study would be 

ideal with smallholder farmers if it was done through observation of activities and the 

researcher being able to collect data as the activities were undertaken. In that case it would 

require a longer period and more resources than were available for this study. On-farm trials 

have been recommended as a better way of measuring benefits of agroforestry in that they are 

easier to control the variables of interest (Franzel, 2004).Therefore research question 1 has not 

been addressed as intended for inclusion in this thesis. 

3.7.2 Measurements for factors that influence adoption decisions 

The general assumption of this study is that successful adoption is a function of profitability, 

packaging of the technology, efficient extension and supportive external factors. Data were 

collected using a questionnaire. Farmers were asked questions related to various factors that 

have been reported as affecting adoption of agricultural, agroforestry and natural resource 

technologies to enable testing if these factors are also responsible for agroforestry adoption 

within the study area. Farmers‟ perceptions and preferences were assessed and used to 

determine appropriate dissemination means that lead to wide adoption of promoted 

technologies. 

Factors and conditions that contribute to adoption were analysed. This study categorises 

factors that are internal and external to the farmers and analyses how each set affects adoption 

and to explain how these factors interact with agroforestry so as to improve the well being of 

smallholder farmers. Categorising these factors could help in making strategic 

recommendations for intervention purposes. Equally, analyses of these factors according to 

their relative importance are crucial for strategic planning. It is likely that some factors could 

have a combined effect on likelihood of adoption, and this could be determined through 

measures of interactions between different factors. 



 55 

3.7.3 Chi-square test of independence 

Cross-tabulations and chi-square tests were used to examine relationships among factors that 

influence agroforestry trialling and adoption. Chi-square tests of independence were used to 

compare the frequency of cases found in the variables (Bryman & Cramer, 1997) and to 

determine whether there were statistically significant relationships between trialling and 

adoption of agroforestry and selected nominal variables. This test compares the observed and 

expected frequencies in each cell to test whether the expected values differ significantly from 

the observed values (Leech et al., 2008). In order to provide a measure of the strength of the 

relationship between two variables, from a contingency table, Cramer‟s V was used in the 

case where variables have more than two categories, and result in larger tables with rows and 

columns of greater than 2 (larger than 2x2 tables) (Bryman & Cramer, 2009). Cramer‟s V is 

used to measure the strength of association between variables that have more than two 

categories (Field, 2005; Pallant, 2007). Cramer‟s V is useful as a measure of association in 

that it has the ability to attain its maximum of 1 when one of the variables has more than two 

categories (Field, 2005). Cramer‟s V provides results which vary between 0 and +1. 

Following Bryman and Cramer (2009), the Phi coefficient is used to measure strength in cases 

where variables are binary, dichotomous or exhibit two categories (for 2x2 tables). According 

to Leech et al. (2008) when both the dependent and the independent variables are 

dichotomous and or nominal, then use of chi-square test of independence is appropriate. The 

variables were from unrelated samples (Bryman & Cramer, 1997). 

Chi-square tests of independence were chosen as step of analysis for selecting variables for 

inclusion later into logistic regression. Chi-square test for independence is used to explore the 

relationships between the categorical variables and to test for significance of variables (Field, 

2005). It compares the frequency of cases found in the various categories of one variable 

across the different categories on another variable (Freund & Wilson, 1998; Pallant, 2007). 

The function of the Chi-square test of independence is to determine whether the association 

between variables is a result of chance or not. 

The validity of the chi-square test is dependent on both the size of sample and the number of 

cells (Elliott & Woodward, 2007). In order for the chi-square approximation to be considered 

satisfactory, no expected cell frequencies should be less than one and no more than 20 percent 

are to be less than five (Cochran, 1954). According to Field (2005) violation of this 

assumption would lead to loss of statistical power, and that if the expected frequencies are 

lower than 5, the chi-square test would “fail to detect a genuine effect”. 
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The Pearson‟s chi-square values of variables that have more than 2 categories (degrees of 

freedom were more than 1) and or the Continuity Correction values (Yates‟ correction) for 

those with less than 2 categories (where degrees of freedom equal 1), with their associated 

significance values, are the basis for estimating the chi-squares (Bryman & Cramer, 1997; 

Pallant, 2007). 

The SPSS procedure of first obtaining cross-tabulations and examining the distributions was 

used to check if the assumptions of obtaining expected frequencies greater than five for chi-

square are met (Elliott & Woodward, 2007; Field, 2005; Ott & Longnecker, 2001; Pallant, 

2007). The results from the Chi-square tests of independence and correlations are presented in 

Chapter 4. In the case of continuous and interval scale variables, Pearson correlations are used 

and R
2
 is used to measure the strength of the relationship. 

Although chi-square tests of independence were considered to initially test the significance of 

the independent (explanatory) variables, they could not be used to assess adoption. Chi-square 

tests and their contingency tables do not provide a way of knowing whether the economic 

importance of the effect is worth considering (Feder et al., 1985). They only reveal 

association between dependent and independent variables (Knowler & Bradshaw, 2007). 

3.7.4  Logistic regression analysis 

3.7.4.1 Justification for use of logistic regression 

This study is comprised mainly of categorical data, which is why logistic regression has been 

chosen for analysis. Logistic regression is similar to and answers same questions as does 

discriminant analysis and multiple regression analysis except that it has a dichotomous 

dependent variable (Hair Jr. et al., 2006; Tabachnick & Fidell, 2007). Although multiple 

regressions using least squares regression methods were considered, they were not used since 

they would require that a dependent variable is continuous. Since the dependent variable is 

dichotomous, simple OLS estimates of a linear model would be inefficient. Some studies that 

have used OLS regression have used it to explain only the decision to adopt or not adopt 

rather than the extent or intensity of adoption (Feder et al., 1985). Feder et al. indicated that 

OLS regressions are not appropriate for investigating hypotheses about the role and 

importance of various factors in the adoption process. 

Discriminant analysis is a procedure for classifying observations in one category or another 

based on several explanatory variables (Feder et al., 1985; Hair Jr. et al., 2006). Although 

discriminant analysis would be appropriate to use when dependent variables are non-metric, 

its analysis strictly requires meeting the assumption of multivariate normality and equal 
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variance-covariance matrices across all groups yet these features may not be found in all 

situations (Hair Jr. et al., 1995). In contrast to discriminant analysis, logistic regression has no 

assumptions about the independent variables: they do not have to be normally distributed, 

linearly related, or of equal variance within each group (Tabachnick & Fidell, 2007). Logistic 

regression is said to be especially useful when the distribution of responses on the dependent 

variable is expected to be nonlinear with one or more independent variables (Tabachnick & 

Fidell, 2007). Logistic regression is preferred to discriminant analysis in many cases, even 

when assumptions are met, because of its similarity to multiple regression and its 

straightforward statistical tests, ability to incorporate nonlinear effects, and a wide range of 

diagnostics (Hair Jr. et al., 1995). 

Probit analysis was also considered but it also focuses on proportions of cases in two or more 

categories of the dependent variable (Tabachnick & Fidell, 2007). Both the logit and probit 

analyses specify a functional relationship between the probability of adoption and various 

explanatory variables (Feder et al., 1985). Although it is highly related to logistic regression, 

probit analysis has an underlying assumption that the distribution is normal, thereby making it 

more restrictive than logistic regression (Feder et al., 1985; Tabachnick & Fidell, 2007). 

According to Tabachnick and Fidell (2007), probit analysis would be effective for studies that 

focus on effective values of predictors for various rates of responses. 

Log linear analysis was another method considered since it is suitable for analysing 

categorical data. However, log linear analysis was discarded because it does not make 

distinction between dependent and independent variables, yet this study is interested in 

explaining the effect of different independent variables on the dependent variables. 

Another statistical analysis process that was considered is the use of Double-Hurdle model. 

The Double-Hurdle model is best used to solve simultaneous problems of whether or not one 

decides to use a particular technology, and if they did, by how much. In the case of this study, 

the „how much‟ aspect could not be addressed due to the nature of the data collected whose 

dependent variable was only an either/or choice. Therefore the use of the Double Hurdle 

model was discarded. It is however considered in Chapter 7 as a recommended method for 

capturing intensity of use of agroforestry technologies. 

Therefore logistic regression, also referred to as logit modelling, that has a dichotomous 

dependent variable was considered for use. In order to generate efficient bounded 

probabilities within zero to one interval, I assume a logistic cumulative distribution function 

to apply a logit model. Like log linear regression, logistic regression is based on probabilities, 
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odds, and odds ratios. In the case of the logit model, the odds ratio is defined as the ratio of 

the odds of being classified in one category of the dependent variable for the two different 

values of the dependent variable. 

3.7.4.2 Statistical analysis procedure 

Logistic regression is a form of regression, which relaxes the assumption of a metric nature of 

the dependent variable, and also provides a range of diagnostic and explanatory techniques for 

non-metric dependent variables (Hair Jr. et al., 1995). Generally, logistic regression is free of 

restrictions, and it has capacity to analyse a mix of all types of independent variables 

(continuous, discrete and dichotomous) (Pallant, 2007; Tabachnick & Fidell, 2007). In 

addition the variety and complexity of data sets that can be analysed are almost unlimited 

(Tabachnick & Fidell, 2007). Unlike multiple regression methods, there is no assumption 

about the distribution of the predictor variables (such as normality, linearity, or equal 

variances) (Tabachnick & Fidell, 2007). The outcome variable has to be discrete and if it were 

a continuous variable, then it would have to be converted to a discrete one (Tabachnick & 

Fidell, 2007). 

The goal of logistic regression analysis is to be able to correctly predict the category of the 

outcome for individual cases (Tabachnick & Fidell, 2007). This initially requires that we 

establish if there is a relationship between the outcome (independent variable) and the set of 

predictors (independent variables) (Tabachnick & Fidell, 2007). We will be looking to 

establish if we could predict trialling and adoption of improved fallows and biomass transfers 

from a set of variables. Several tests of relationships are available in logistic regression. One 

method involves comparing a model comprising the constant plus predictors with a model 

which has a constant only. If there is a statistically significant difference between the models, 

then a relationship exists between the predictor and the outcome (Tabachnick & Fidell, 2007). 

Another way is to test a model that has a few predictor variables with one that has all the 

predictors. In this method, the aim is to find a non-significant chi-square as this would 

indicate no statistically significant differences between the predictor model and the full 

model. 

Dependent variables 

The binary dependent (response) variable, Y, has two categories which are denoted by 1 and 0 

(Agresti & Finlay, 2009). Feder et al. (1985) criticised the use of a dichotomous dependent 

variable that it does not adequately represent adoption and suggested that adoption be 

comprehensively measured through use of continuous dependent variables. They argue that 
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adoption relates to the extent and intensity of use and that dichotomous categorisation would 

not represent it effectively. However, Knowler and Bradshaw (2007) have indicated that use 

of dichotomous dependent variables in a regression analysis offer more insight than do mere 

correlations. 

Logistic regression was used to predict if a farmer had trialled agroforestry technologies or 

not, and also whether they had adopted or stopped (discontinued) practicing of improved 

fallows and or biomass transfer. Logistic regression was selected because dependent variables 

were binary response variables taking the values of 0 and 1; and the independent variables 

were a mixture of nominal, ordinal and continuous variables. According to Hosmer & 

Lemeshow (1989), Ott and Longnecker (2001), Field (2005, 2009), Pallant (2007) and Agresti 

and Finlay (2009), logistic regression is ideal for this kind of data. Logistic regression 

analysis was carried out by the logistic procedure in SPSS 15 (Bryman & Cramer, 2009; 

Kinnear & Gray, 2008; Pallant, 2007; Sweet & Grace-Martin, 2008) in the Windows 2003 

environment. The logistic regression procedures on analysing and presenting results described 

by Hosmer & Lemeshow (1989), Field (2005, 2009), Hair Jr. et al. (2006), Pallant (2007), 

Leech et al (2008) and Sweet and Grace-Martin (2008) were followed. 

Independent variables 

Independent variables which were used in logistic regression models to assess both trialling 

and adoption of improved fallows and biomass transfer technologies are presented in Sections 

5.2.1, 5.2.2, 5.2.3, 5.3, 5.4.1, 5.4.2, 5.4.3 and 5.5. Hair Jr. et al. (2006) suggest two 

approaches for identifying independent variables. Variables can be selected from either 

previous research or from the theoretical model under consideration. They can also be those 

that have not been researched before or for which no theory exists but might logically be 

related to predicted groupings for the independent variable. In this study, a combination of 

these two approaches was considered. 

Variables were grouped into three categories: farm and farmer characteristics, external factors 

and extension factors. Several farm and farmer characteristics are included: age, gender, club 

membership, household size, size of farmland (which is total cultivated land). Other included 

variables are explanatory variables thought to affect trialling and adoption decisions as 

discussed in the adoption literature. 

Analysis was conducted separately for improved fallows and biomass transfer technologies. 

Other agroforestry technologies that have been introduced to the farmers including fodder 

banks, woodlots and domestication of indigenous fruit trees, were not considered for logistic 
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regression because of very low trialling and adoption levels. Both improved fallows and 

biomass transfer technologies were analysed at two stages: trialling and adoption stages. In 

total, four dependent variables were considered: trialled/not trialled improved fallows; 

trialled/not trialled biomass transfer; adopted/not adopted improved fallows and; adopted/not 

adopted biomass transfer. For each of the dependent variables, several logistic regression 

models were developed (Chapter 5). The first model for each level of analysis was for farm 

and farmer characteristics; the second model was for external factors; and the third model 

with extension factors. Additional models were a combination of farm and farmer 

characteristics, external factors and extension factors. The base (null) model is also shown in 

each section as a point of reference for the developed models. The results are presented in 

Chapter 5, Sections 5.2, 5.3, 5.4 and 5.5. 

Specification of the logistic regression model 

The modelling approach taken here follows much of the literature on econometric adoption 

functions whereby a dichotomous variable represents trialling or adoption and as such 

addresses the proportion of farmers who use the agroforestry technologies, irrespective of 

how much they use it, i.e. the rate, intensity or extent of use. Studies that focus on adoption 

rate as the share of area or total production would be different from the approach of this study 

since they would be interested in the intensity of application of the technologies. Feder et al. 

(1985) support the use of extent and intensity of use at farm level as an adequate way of 

measuring adoption. However, use of rate of adoption is costly and requires a long time and 

specialised equipment to collect data. Measuring adoption intensity can also be challenging 

for agroforestry technologies, especially when the technology is in the cropping phase, 

whereby the tree component is absent. Usually the field share for agroforestry varies over 

time. Therefore adoption is considered as a dichotomous independent variable, which takes 

„1‟ if the trialling or adoption is present and „0‟ otherwise. Both trialling and adoption will be 

explained as a function of a number of independent variables that may include farm and 

farmer characteristics, external and extension factors. 

The model produced in logistic regression is nonlinear and the outcome variable, Y, is the 

probability of having one outcome or another based on a nonlinear function of the best linear 

combination of predictors, with two outcomes. Estimating the probability of trialling or 

adoption for a single binary choice variable (y) using the logit model, a probability index is 

formed. The simple logistic regression model has the form (Agresti & Finlay, 2009; 

Christensen, 1997; Peng & So, 2002): 
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This formula uses the log of the odds, called the logistic transformation, or logit for short. 

Logistic regression equations can also be directly expressed in the form of the probability of 

success. When we take the antilog on both sides, we derive the equation to predict the 

probability of the occurrence of the outcome of interest as (Agresti & Finlay, 2009; 

Christensen, 1997; Peng & So, 2002): 

x

x

e

e
Yobability













1
)(Pr  

Where  is the probability of the outcome of interest (y=1);  is the Y intercept (constant of 

the equation); e is the base of the system of the natural logarithms, s are the regression 

coefficients of the explanatory variables (vector of coefficients to be estimated); Xs are a set 

of predictors and e is the base of the system of the natural logarithms (Peng & So, 2002). Data 

are entered into the analysis as 0 or 1 coding for the dichotomous outcome, continuous values 

for continuous predictors, and dummy coding for categorical predictors. 

Extending the simple logistic regression to multiple predictors creates a complex logistic 

regression for Y (the logistic regression function which is the log transformation) as follows 

(Agresti & Finlay, 2009; Peng & So, 2002): 
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The procedure for estimating coefficients is the maximum likelihood, and the goal is to find 

the best linear combination of predictors to maximise the likelihood of obtaining the observed 

outcome frequencies (Tabachnick & Fidell, 2007). 

Evaluating the goodness-of-fit of the estimated model 

In logistic regression, the goodness-of-fit of a model can be assessed by the likelihood ratio 

statistic (Withers, 2009). Lower values indicate that the observed result was less likely to 
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occur under the null hypothesis, so again the desire is for low values of the likelihood ratio 

statistic. 

Goodness of fit, also referred to as evaluating predictive efficacy, assesses the extent to which 

prediction error is reduced when using the predictor set. Whereas in linear regression this is 

assessed by R
2
, there is no commonly accepted analog in logistic regression. However, 

several measures have been suggested. 

In logistic regression, log likelihood for the base model (-2LogL0) is analogous to the total 

sum of squares value in linear regression (Hair Jr. et al., 1995) and the log likelihood value of 

models with predictor variables (-2Log Likelihood1) is analogous to the error or residual sum 

of squares in multiple regression (Hair Jr. et al., 1995). The log likelihood measure is denoted 

as: 
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The log likelihood indicates the relative improvement in the likelihood of observing the 

sample data under the hypothesised model, compared with a model with the intercept alone 

(DeMaris, 1995; Hosmer & Lemeshow, 1989). Like the coefficient of determination (R
2
) in 

linear regression, -2LogL ranges from 0 to 1, with 1 indicating a perfect predictive efficacy 

(DeMaris, 1995; Hair Jr. et al., 1995). 

The -2 log likelihood can also be used. This is the chi-square value distributed enabling a 

particular result to be compared to a chi-square value corresponding to a desired statistical 

significance (Withers, 2009). A low value indicates a good fit with the observed data. A 

perfect model has a value near zero (Withers, 2009). 

A Cox and Snell R
2
 (Pallant, 2007; Withers, 2009) and Negelkerke R

2
 (Pallant, 2007) provide 

estimates of the proportion of variability accounted for by all of the variables. It is used in a 

similar manner as the coefficient of multiple determination in an OLS regression model 

(Withers, 2009). 

Variable selection 

From the data set developed in SPSS, several measurements were selected as potential 

explanatory variables influencing either trialling or adoption of agroforestry technologies. 

These factors were obtained through personal interviews with households. These data were 

explored first in terms of frequencies and graphic presentations. 
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The process that was followed to select variables for the logistic regression model is as 

described by Hosmer & Lemeshow (2000). Bivariate analysis of each independent variable 

with the dependent variable was done. Initially, contingency table analysis were conducted 

between the outcome variable (y=0, 1) and the categorical independent variables. The Pearson 

chi-square test of independence was then used as test of association. Variables exhibiting 

statistically significant association were selected for inclusion in the logistic regression model. 

In the case of continuous variables, the bivariate logistic regression analysis was used to 

obtain the estimated coefficient, the estimated standard error, the likelihood ratio test for the 

significance of the coefficient, and the bivariate Wald statistic (Hosmer & Lemeshow, 1989). 

Although Hosmer and Lemeshow (1989) suggested using 0.25 as a p-value level for screening 

candidate variables for logistic regression, these analyses used a p-value less than 0.10 so as 

to be consistent with previous studies on agroforestry adoption. 

Estimation of the logistic regression model 

The assessment of the effect of individual variables on the dependent variables was done by 

use of chi-square test of independence as reported in Section 3.7.3 above. Logistic regression 

is estimated much like multiple regression in that a base (null) model is first estimated to 

provide a standard for comparison (Hair Jr. et al., 2006). The null model is the logistic 

regression model which only has a constant included (Field, 2009; Hair Jr. et al., 2006) and is 

generated as the first step of the regression model development. Independent variables are 

added to the null model so as to improve its predictability (Field, 2009; Hair Jr. et al., 2006). 

Whereas multiple regression uses the mean to set the base model and calculate the total sums 

of squares, logistic regression uses the mean not to set the sum of squares but to set the log 

likelihood value (Hair Jr. et al., 2006). 

Block entry method in logistic regression 

The forced entry (enter) method of including variables in the model was used to estimate the 

model. The forced entry method is one of the methods available in SPSS 15 for entry or 

removal of variables in logistic regression. It requires that all the predictor variables are 

placed in the regression model in one block, and the parameter estimates are calculated for 

each block (Field, 2009; SPSS, 2006). The model included all the variables that were found to 

be statistically significant predictors using bivariate analysis. The selection of explanatory 

variables was initially done based on the chi-square tests of independence. Variables that were 

found to be statistically significantly associated with the dependent variables: trialling of 

improved fallows; adoption of improved fallows; trialling of biomass transfer; and adoption 
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of biomass transfer; were included in the models. Individual variables were entered in the 

logistic regression model according to the groupings that were established earlier: farm and 

farmer attributes; external factors; and extension factors. Results are presented in Chapter 5. 

Assessing overall fit of the model 

There are three approaches to assessing the overall fit of the logistic regression model: 

statistical measures of overall model fit; pseudo R
2
 measures; and classification accuracy 

(Hair Jr. et al., 2006). 

The statistical measure is the chi-square test for the change in the log-likelihood (-2LL) value 

from the base model. This is comparable to the F-test in the multiple regression. Smaller -2LL 

values than that of the base model or another prior model indicate better model fit (Hair Jr. et 

al., 2006). Another statistical measure is the Hosmer and Lemeshow measure which measures 

the correspondence of the actual and predicted values of the dependent variable, with the 

better fit indicated by a smaller difference in the observed and predicted classification (Hair 

Jr. et al., 2006; Hosmer & Lemeshow, 2000). With the Hosmer and Lemeshow test, it is a 

non-significant value that indicates that the model is acceptable (Hair Jr. et al., 2006; Hosmer 

& Lemeshow, 2000; Pallant, 2007). 

The Pseudo R
2
 is another measure of fit and it is analogous to the coefficient of determination 

(R
2
) in multiple linear regression, although they only approximate its variance interpretation 

(Tabachnick & Fidell, 2007). The measures used are: the Cox and Snell R
2
, the Nagelkerke R

2
 

(Bewick et al., 2005; Field, 2009; Hair Jr. et al., 2006; Nagelkerke, 1991) and a pseudo R
2
 

(Field, 2009; Hair Jr. et al., 2006). The Cox and Snell is based on log-likelihoods and takes 

into account sample size (Tabachnick & Fidell, 2007). Values less than 0.5 are said to be low 

for the purposes of practical significance (Hair Jr. et al., 2006). However, Cox and Snell R
2
 

cannot achieve a maximum of 1, and therefore Nagelkerke measure adjusts it so that a value 

of 1 could be achieved (Tabachnick & Fidell, 2007). The pseudo R
2
 statistics do not measure 

the goodness of fit of the model but indicate how useful the independent (explanatory) 

variables are in predicting the dependent (response) variable and are therefore referred to as 

measures of effect size (Bewick et al., 2005; Field, 2005; Tabachnick & Fidell, 2007). SPSS 

logistic program provides log-likelihood in the form of -2LL (Tabachnick & Fidell, 2007). 

The third method of assessing the success of a model is to evaluate its ability to predict 

correctly the outcome category for the cases for whom the outcome is known (Tabachnick & 

Fidell, 2007). Classification accuracy is the measure of overall model fit, which represent the 

levels of predictive accuracy achieved by the logistic model (Hair Jr. et al., 2006; Tabachnick 
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& Fidell, 2007). The hit ratio is the measure of the predictive accuracy used, which is the 

percentage of cases correctly classified (Hair Jr. et al., 2006). SPSS produces a classification 

table with actual and predicted values of the outcome variable (Tabachnick & Fidell, 2007). 

Interpretation of results of the logistic regression analysis 

Interpretation of the logistic regression results follows that of Hosmer & Lemeshow (1989, 

2000), Hair Jr. et al. (2006), Pallant (2007), Leech et al. (2008) and Sweet & Grace-Martin 

(2008), and Agresti and Finlay (2009). It focuses on the Wald test, coefficients and the odds 

ratios. 

The Wald test is one of the simplest ways of evaluating the contribution of individual 

coefficients/predictors to a model (Tabachnick & Fidell, 2007). The Wald statistics are used 

to test for significance of individual coefficients in the model (Bewick et al., 2005; Hair Jr. et 

al., 2006; Tabachnick & Fidell, 2007) if an acceptable model is found (Tabachnick & Fidell, 

2007). The Wald statistic provides the statistical significance for each estimated coefficient in 

order for hypothesis testing to occur (Hair Jr. et al., 1995). The Wald statistic tells us whether 

the b coefficient for the predictor is significantly different from zero (Field, 2009). Each Wald 

statistic is compared with a distribution with 1 degree of freedom (Bewick et al., 2005). 

Coefficients that are significantly different from zero indicate that the predictor is making a 

significant contribution to the prediction of the outcome (Y) (Field, 2009). 

Logistic regression tests the hypothesis that a coefficient is different from zero (Hair Jr. et al., 

1995).The coefficients (the betas (B)) for the predictors are the natural logs of the odds ratio 

(Tabachnick & Fidell, 2007). The interpretation of the coefficients is the maximum likelihood 

estimates for the linear regression on the predictors (DeMaris, 1995). The sign of the 

coefficient indicate whether it is increasing or decreasing as x increases (Agresti & Finlay, 

2009). It is interpreted differently from that of the linear probability model. Since the shape of 

the curve in logistic regression is S-shaped (sigmoid), the rate at which the curve climbs or 

descends changes according to the value of x (Agresti & Finlay, 2009). This interpretation is 

however eschewed in logistic regression in favour of the odds ratio approach (DeMaris, 

1995). Although the coefficients are similar to odds ratio, the odds ratio is favoured because it 

does not require a logarithmic transformation and is easier to understand (Field, 2009). 

The interpretation in this study uses the odds ratio for both categorical and continuous 

predictors. The odds ratios are essential to the interpretation of logistic regression (Field, 

2009). The odds ratios are a measure of association which approximate how much more likely 

(or unlikely) it is for the outcome to be present among those with y=1 than those with y=0 
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(Hosmer & Lemeshow, 1989). The odds ratio is defined as the ratio of the odds for y=1 to the 

odds for y=0 (Hosmer & Lemeshow, 1989). Odds ratio greater than 1 reflect the increase in 

the odds of an outcome of 1 with a one unit increase in the predictor; odds ratios less than one 

reflect the decrease in odds of that outcome with a one-unit change (Tabachnick & Fidell, 

2007). The odds ratio is an indicator of the change in odds of being in one of the categories of 

outcome resulting from a unit change in the predictor (Field, 2009; Tabachnick & Fidell, 

2007). The quantity in the SPSS software output column labelled Exp(B) (the exponentiated 

coefficient) is the maximum likelihood estimate of the odds ratio (Agresti & Finlay, 2009; 

Hosmer & Lemeshow, 1989). The Exp(B) value of the log-odds provides the odds ratio for 

the independent variable, controlling for other variables in the model (Bewick et al., 2005; 

Withers, 2009). Exp(B) is the estimated odds ratio for one unit increase in x, the net of other 

predictors in the model (Agresti & Finlay, 2009; DeMaris, 1995). Interpretation of the odds 

ratio for dummy variables differs slightly to that of the continuous variables. Any time a 

dummy variable is used, it is necessary to take note of the omitted category (Hair Jr. et al., 

2006). For dummy coefficients, a unit difference in xi is the difference between membership 

in the category xi and membership in the omitted category (DeMaris, 1995; Hair Jr. et al., 

2006). The odds ratio is the parameter of interest in logistic regression due to its ease of 

interpretation, even though its distribution tends to be skewed due to the fact that it is 

bounded away from zero (Hosmer & Lemeshow, 1989). 

Oddsrepresented category = Exponentiated coefficients * Oddsreference category  

All logistic regressions were performed using SPSS and are odds ratios unless noted 

otherwise. 

3.7.5  ANOVA 

Data analysis for extension approaches were done using the general analysis of variance 

(ANOVA) to resolve mean significant differences which could not be resolved using logistic 

regression analysis. ANOVA was done using Genestat 12 version (VSNi, 2009). Basically, it 

was intended to calculate mean scores of the different extension approaches. The results are 

shown Chapter 5, Section 5.6. 

3.8  Limitations of the study 

One of the limitations for this study is related to the definition of adoption in agroforestry. 

Another issue is related with the sample size, especially for adoption of biomass transfer 

where we only had 83 households. Since this study did not deliberately target farmers who 
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were adopting but was interested in the extent of use of agroforestry, we only had to assess 

the number of farmers that were adopting within the population sample. Therefore, this 

sample was low and may have affected the results for the logistic regression model, which did 

not find many factors to be influencing adoption of biomass transfer. Had it been feasible to 

undertake the field study in two phases, it would have then been possible to target only 

adopting farmers. Time and resources however did not allow this. 

3.9  Summary of the Chapter 

This Chapter has presented the methodology used for the study. The steps followed for the 

analysis can be summarised as first descriptive statistics which led to chi-square tests of 

independence. The variables that were found to be significantly associated with trialling and 

adoption of improved fallows and biomass transfer were then considered for inclusion in 

logistic models. The next two Chapters will utilise the methodology discussed in this Chapter 

to analyse the data. Factors will be described, analysed, and then interpretation of the data will 

be provided. 
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    Chapter 4 

Characteristics of farmers 

4.1 Introduction 

This chapter presents demographic information about the sampled households. The intention 

is to provide a general understanding about the farmers and their situation. This is necessary 

for understanding adoption processes and how farmer socio-economic situations influence 

their farming decisions. 

Interviews were conducted with 388 respondents, 57 percent of whom were male and 43 

percent females. Most households preferred that the head of family (who could either be male 

or female depending on the marital status of a family) responded to interviews and only when 

they were not present would another adult member of the household be interviewed, and 

nearly always in the presence of other family members. Once a question was posed, family 

members generally consulted with each other to give a collective answer or opinion. 

Responses presented in this study are therefore collective household responses and the main 

respondent only acted as a focal point. 

4.2 Demographics 

4.2.1 Location 

Distribution of respondents by districts is presented in Table 4.1. Chadiza, Chipata, Katete 

and Petauke districts account for 23.2, 25.3, 25.8 and 25.8 percent of respondents 

respectively. Katete and Chadiza districts had the lowest number of female respondents. 

Generally, all districts had more male respondents than females. 

Table 4.1: Distribution of respondents according to district and gender 

District n 

Percent of 

total 

Gender of 

respondent 

   Female Male 

Chadiza 90 23.2 37 53 

Chipata 98 25.3 45 53 

Katete 100 25.8 38 62 

Petauke 100 25.8 46 54 

Total 388 100 166 222 
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The proportions of households that have trialled improved fallows in Chadiza, Katete and 

Petauke districts are almost the same (Table 4.2). The least number of those trialling 

improved fallows was found in Chipata district. Similar distribution patterns were observed 

for trialling of biomass transfer. Although proportions of households trialling biomass transfer 

were lower than those of improved fallows, trialling patterns are almost similar. Chipata 

district had the lowest percentage of households‟ trialling biomass transfer among the four 

districts (Table 4.2). This result is unexpected because the Chipata district was a pioneer 

district for agroforestry research and extension. It is also the district that the agroforestry 

research station is located in. One would expect that the influence of the location of the 

research station would be greater in the Chipata district than on other districts. It might be the 

case that dissemination projects were targeted at districts further afield from the research 

station to ensure a wider reach in the farming communities. However, Chipata district has 

always been included in development research except in the Project implemented by Plan 

International whose mandate only covered Chadiza district (Lungu, S and Nyanoka E, Pers. 

Comm, May 2008). 

Table 4.2: Trialling of agroforestry technologies per district 

District n Improved fallows Biomass transfer 
  Trialled 

(%) 
Not trialled 

(%) 
Trialled 

(%) 
Not trialled 

(%) 
Chadiza 

 
90 47.8 52.2 24.4 75.6 

Chipata 

 
98 36.7 63.3 15.3 84.7 

Katete 

 
100 47.0 53.0 21.0 79.0 

Petauke 

 
100 48.0 52.0 25.0 75.0 

Total 388 44.8 55.2 21.4 78.6 

 

In contrast to the results on trialling of improved fallows, Chipata had a higher proportion of 

farmers that adopted than those that discontinued (Table 4.3). Research on improved fallows 

was pioneered in Chipata district, making it the district with longest experience in working 

with improved fallows. This could explain the high adoption rate. Whereas the adoption rate 

for improved fallows was high in Chipata, adoption proportion for biomass transfer in Chipata 

district was lowest of the four districts. In the case of biomass transfer, it could also be 

expected that the proximity to markets for inorganic fertilisers limit adoption of biomass 

transfer since farmers resort to easier and quicker means of soil fertility replenishment. 

Chipata being a central business district for Eastern Province allows farmers access to farm 

inputs and markets for vegetables, thereby making vegetable growing lucrative as compared 

to those farmers who are located in other districts far from ready markets. 
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Table 4.3: Adoption of agroforestry technologies per district 

District 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 

Discontinued 

(%) n 

Adopted 

(%) 

Discontinued 

(%) 

Chadiza 43 74.4 25.6 22 86.4 13.6 

 

Chipata 36 80.6 19.4 15 80.0 20.0 

 

Katete 47 72.3 27.7 21 95.2 4.8 

 

Petauke 48 68.8 31.3 25 92.0 8.0 

 

Total 174 73.6 26.4 83 89.2 10.8 

 

Farmers located further away from the market usually grow vegetables for home consumption 

and would normally not grow vegetables with added inputs. It will be assumed that such 

farmers will be inclined to adopt biomass transfers. Katete district had the highest adoption 

rate of biomass transfers (Table 4.3). It was found that farmers in Katete district had 

constantly received support and encouragement from both national and international 

researchers who visited them often and conducted on-farm research with them. Often they 

received international visitors most of whom were Consultative Group for International 

Agricultural Research (CGIAR) evaluation teams for funding organisations such as Swedish 

International Development Agency (Sida), Canadian International Development Agency 

(CIDA) and United States Agency in Development (USAID). Katete District Women 

Development Association (KDWDA) also provided support to farmers through funding from 

Kepa, a Finnish NGO particularly for agroforestry development (Vainness Phiri, Pers. 

Comm., Executive Secretary, KDWDA, 2008). Katete farmers were visited more often due to 

their proximity to research stations in Chipata and also the concentration of many agroforestry 

farmers. Such regular visits by funders seemed a motivating factor for farmer participation in 

agroforestry technologies. 

4.2.2 Gender 

Table 4.4 shows the distribution of trialling based on gender of respondent. The percentage of 

households with female respondents that trialled improved fallows was higher than that of 

males. However, a greater proportion of households with male respondent‟s trialled biomass 

transfer than females. 
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Table 4.4: Trialling of agroforestry technologies by gender 

Gender n 

Improved fallows Biomass transfer 

Trialled 

(%) 

Not trialled 

(%) 

Trialled 

(%) 

Not trialled 

(%) 

Female 166 51.2 48.8 17.5 82.5 

 

Male 222 40.1 59.9 24.3 75.7 

 

Total 388 44.8 55.2 21.4 78.6 

 

The proportion of households with male respondents and female respondents adopting 

improved fallows and biomass transfers was similar (Table 4.5). 

Table 4.5: Adoption of agroforestry technologies by gender 

 
Gender 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 

Not adopted 

(%) n 

Adopted 

(%) 

Not adopted 

(%) 

Female 85 74.1 25.9 29 89.7 10.3 

 

Male 89 73.0 27.0 54 88.9 11.1 

 

Total 174 73.6 26.4 83 89.2 10.8 

 

4.2.3 Age 

Respondents‟ ages range from 18 to above 55 years (Table 4.6). Those in age groups 26-35 

and 36-45 years were the majority. Only 18 percent were between the ages of 46 and 55 years. 

Table 4.6: Age groups of respondents (number of respondents) 

Age group Female Male Total 

18-25 10 14 24 

 

26-35 38 76 114 

 

36-45 59 60 119 

 

46-55 36 35 71 

 

55+ 23 37 60 

 

Total 166 222 388 

 

Respondents in the age group 46 to 55 years had the highest proportion of farmers‟ trialling 

improved fallows (Table 4.7). The proportion of males and females trialling improved fallows 

among age group 36-45 was equal. Other age groups had more female‟s trialling improved 

fallows than males (Table 4.7). 
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Table 4.7: Trialling of agroforestry technologies by gender and age group 

Age 

group n Improved fallows Biomass transfer 

  
Trialled 

(%) 

Never trialled 

(%) 

Trialled 

(%) 

Never trialled 

(%) 

18-25 24 37.5 62.5 16.7 83.3 

 

26-35 114 33.3 66.7 21.1 78.9 

 

36-45 119 48.7 51.3 23.5 76.5 

 

46-55 71 57.7 42.3 23.9 76.1 

 

55+ 60 46.7 53.3 16.7 83.3 

 

Total 388 44.8 55.2 21.4 78.6 

 

The proportions of farmers that adopted both improved fallows and biomass transfer are 

similar across age groups (Table 4.8). 

 

Table 4.8: Adoption of agroforestry technologies by age group 

Age group 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 
Not adopted 

(%) n 

Adopted 

(%) 
Not adopted 

(%) 

18-25 9 77.8 22.2 4 100.0 0 

 

26-35 38 71.1 28.9 24 95.8 4.2 

 

36-45 58 75.9 24.1 27 88.9 11.1 

 

46-55 41 75.6 24.4 17 76.5 23.5 

 

55+ 28 67.9 32.1 11 90.9 9.1 

Total 174 73.6 26.4 83 89.2 10.8 

 

4.2.4 Education 

Eighty five percent of the respondents have attended school (Table 4.9). Although 63 percent 

of respondents have attended primary school, only a few have managed to complete it. Those 

that have never been to school and those who have been to primary but not completed primary 

education comprise 57 percent of respondents. In rural schools, even some pupils who have 

completed primary school education are not able to read and write in English, although some 

can read and write, with some difficulty, in their local language. The total of the sample 

population which could be said to be illiterate in either reading or writing are those that have 

never been to school (14.9%) and those that did not complete primary school education 

(43%). Those that have completed primary school education (20.1%) could easily read and 
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write in their local language. This has implications for using brochures, booklets and any 

reading materials, especially non-pictorial ones, in extension methods in locations where 

locally-based agricultural extension service is absent. 

Table 4.9: Education levels attained by farmers within the sample 

Education level n 

Percent 

of total Female (%) Male (%) 

Never attended 58 14.9 53.4 46.6 

 

Some primary school 167 43.0 47.9 52.1 

 

Primary completed 78 20.1 43.6 56.4 

 

Some secondary 42 10.8 28.6 71.4 

 

High school completed 43 11.1 20.9 79.1 

 

Total 388  42.8 57.2 

 

The proportion of farmer‟s trialling both improved fallows and biomass transfers are the same 

across age groups (Table 4.10). 

Table 4.10: Trialling of agroforestry technologies by education level attained 

 
Education level 

 
n 

Improved fallows Biomass transfer 

Trialled 

(%) 
Not trialled 

(%) 
Trialled 

(%) 
Not trialled 

(%) 

Never attended 58 43.1 56.9 24.1 75.9 

 

Some primary 167 42.5 57.5 19.2 80.8 

 

Primary completed 78 52.6 47.4 24.4 75.6 

 

Some secondary 42 40.5 59.5 19.0 81.0 

 

High school completed 43 46.5 53.5 23.3 76.7 

 

Total 388 44.8 55.2 21.4 78.6 

 

Generally adoption of both improved fallows and biomass transfer technologies was similar 

across all categories of education levels (Table 4.11). It appears that level of education does 

not influence adoption of both improved fallows and biomass transfer, as is shown by high 

adoption proportions among farmers that have never attended school (Table 4.11). 
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Table 4.11: Adoption of agroforestry technologies by levels of education attained 

Education level 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 

Not adopted 

(%) N 

Adopted 

(%) 

Not adopted 

(%) 

Never attended 25 80.0 20.0 14 92.9 7.1 

 

Some primary 71 71.8 28.2 32 90.6 9.4 

 

Primary completed 41 68.3 31.7 19 84.2 15.8 

 

Some secondary 17 82.4 17.6 8 100.0  

 

High school completed 20 75.0 25.0 10 80.0 20.0 

 

Total 174 73.6 26.4 83 89.2 10.8 

 

4.2.5 Household size 

Family sizes range between 1 and 21. The average number of persons in a household was 6.5 

persons, with most households having between 3 and 11 members (Figure 4-1). 
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Figure 4-1: Distribution for household size 
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4.2.6 Club membership 

Of the 388 households interviewed, 63.1 percent belong to an agricultural club or group 

(Table 4.12). In this study, club refers to a farmer club. In addition to agricultural activities, 

some clubs included health, sewing, fund-raising, food and nutrition activities. In all districts, 

there were more households that belonged to clubs compared to those that did not (Table 

4.12). 

Table 4.12: Club membership by district location 

District 

 

n 

Members 

(%) 

None Members 

(%) 

Chadiza 90 68.9 31.1 

Chipata 

 

98 59.2 40.8 

Katete 

 

100 65.0 35.0 

Petauke 

 

100 60.0 40.0 

Total n=388 

 

 63.1 36.9 

 

Of the 63.1 percent of respondents that belonged to clubs, 56.3 percent were males (Table 

4.13). There were more males who were members of the clubs than females. This is an 

unexpected result considering that women‟s organisations have been active and presumably 

more influential in these areas. Women organisations have promoted various club activities in 

addition to agriculture. It could also be that agricultural related clubs were seen as a means to 

access farm inputs and since males have more capacity to pay back such loans, they would 

tend to dominate the membership. 

Table 4.13: Agricultural club membership by gender 

Gender 

Members 

(%) 

None 

members (%) Total 

Female (n=166) 64.5 35.5 100 

 

Male (n=222) 62.2 37.8 100 

 

Total n = 388 63.1 36.9 100 

 

Farmers were asked to indicate why they joined agricultural clubs (Table 4.14). Most 

respondents stated they joined the clubs so that they could benefit from training that was 

offered by the government extension system. Usually, other organisations that undertake 

training offer them through established groups/clubs and individuals that belong to such 

groups/clubs are able to join the training. Very few farmers joined clubs for the benefit of 

accessing marketing services (Table 4.14). Male respondents usually joined agriculture clubs 

as a means of easily accessing farm input loans. 
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Table 4.14: Benefits of club membership (n=245) 

Benefit 

n Percentage of 

respondents 

(%) 

Female 

(%) 

Male 

(%) 

Accessing agric training 244 74.6 41.8 58.2 

 

Accessing farming input loans 

 

246 39.8 30.6 69.4 

 

Advisory services 

 

245 27.8 51.5 48.5 

 

Income generation 

 

243 25.5 51.6 48.4 

 

Access to marketing services 

 

244 9.0 45.5 54.5 

 

Of the 143 farmers who are not members of any club, only 10.5 percent trialled biomass 

transfer compared to 28 percent of those within club membership (Table 4.15). Targeting 

extension through existing clubs may be playing a significant role in promoting uptake of 

biomass transfer. 

 

Table 4.15: Club membership among trialling farmers 

Club membership n 

Improved fallows Biomass transfer 

Trialled 

(%) 

Not trialled 

(%) 

Trialled 

(%) 

Not trialled 

(%) 

Member 245 54.7 45.3 27.8 72.2 

 

Not a member 143 28.0 72.0 10.5 89.5 

 

Generally, adoption of both improved fallows and biomass transfer is similar among farmers 

that belong to the clubs than those that do not (Table 4.16). 

 

Table 4.16: Club membership among adopting farmers 

Club membership 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 

Not adopted 

(%) n 

Adopted 

(%) 

Not adopted 

(%) 

Not a member 40 65.0 35.0 15 86.7 13.3 

 

Member 134 76.1 23.9 68 89.7 10.3 

 

Total 174 73.6 26.4 83 89.2 10.8 

 

 

4.2.7 Main sources of livelihood 

Farming was the main source of livelihood for 91 percent of the respondents (Table 4.17). 

Small businesses, local employment, carpentry and city employment accounted for the other 
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nine percent of households. Only a small proportion of the rural population were dependent 

on non-farm resources as the main source of livelihood. However, even those households that 

did not mention farming as a main source of livelihood considered it as a secondary source of 

livelihood. The 67 percent of households that had farming as the primary income source did 

not have a secondary occupation. Families that engaged in small businesses as secondary 

occupation (17.5 percent of households) indicated that they used the income from sale of farm 

produce to establish these businesses and that these businesses were seasonal. They said that 

they engaged in such businesses only during the dry season when little or no farm activity was 

taking place. 

Table 4.17: Main occupation for trialling farmers 

Main occupation n 

Improved fallows Biomass transfer 

Trialled 

(%) 

Not trialled 

(%) 

Trialled 

(%) 

Not trialled 

(%) 

Farming 354 46.6 53.4 23.2 76.8 

 

Small business 24 25.0 75.0  100.0 

 

Carpentry 3 33.3 66.7  100.0 

 

Local employment 5 40.0 60.0 20.0 80.0 

 

City employment 2  100.0  100.0 

Total 388 44.8 55.2 21.4 78.6 

 

Of the 354 farmers whose main occupation was farming, 46.6 percent had trialled improved 

fallows (Table 4.17). Only 23.2 percent of the 354 farmers whose main occupation was 

farming have trialled biomass transfer. Farmers whose main occupations were small 

businesses, carpentry or city employment did not trial biomass transfer. In addition, those in 

city employment also did not trial improved fallows. Since small businesses are undertaken 

during the dry season, and this coincides with the time that gardens are in operation, these 

activities would be competing in timing and would explain why those engaged in small 

businesses would not be trialling biomass transfers. Similarly, engaging in employment in the 

city requires that one lives in the city and perhaps only return to the village for visits. Unless 

such households were able to earn enough and invest in agricultural activities, they would not 

find time to engage in such practices as agroforestry. Perhaps they might not even be 

practicing any agriculture at all. 

Adoption rate of both improved fallows and biomass transfer is high among farmers who 

indicated farming as their main source of livelihood (Table 4.18). Nearly all farmers that have 

adopted biomass transfer had farming as their main occupation. 
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Table 4.18: Main occupation for adopting farmers 

Main occupation 

Improved fallows Biomass transfer 

n 

Adopted 

(%) 

Not adopted 

(%) n 

Adopted 

(%) 

Not adopted 

(%) 

Farming 165 73.3 26.7 82 89.0 11.0 

 

Small business 6 83.3 16.7    

 

Carpentry 1  100.0    

 

Local employment 2 100.0  1 100.0  

 

Total 174 73.6 26.4 83 89.2 10.8 

 

4.2.8 Livestock 

Although sale of crops and non-farm income were seen as main source of income for most 

households, farmers also realised income from sale of livestock. Most households rear 

different kinds of livestock including chickens, cattle, goats, pigs, sheep, and ducks; some 

have also tamed guinea fowls. Livestock were reared for two major reasons: income and food. 

Fewer farmers also reared them for manure, social roles or as a risk management measure. In 

addition, pigs and goats are reared as a source of income or form of payment for hired labour. 

Cattle were also reared for use as draught power. This could be for use on own farm as well as 

to hire out to raise income. Payment for hire would be in form of cash or exchange with 

livestock and maize grain. 

4.3 Land and land use 

4.3.1 Upland fields 

Total upland field areas averaged 1.99 hectares per household (std. dev. = 1.27, n=351) (Table 

4.19). There were 37 households that reported owning land over 5 hectares but they have been 

excluded from the calculation of the mean because they were pulling the mean to levels that 

did not represent majority of the households (mean = 2.69 ha., std. dev. = 3.21, n=388). The 

median for the total sample was 1.96 hectares. The spread of farmers across different sizes of 

plots was the same for the four districts. The number of fields owned range from one to five 

per household. However, most households owned between one and two fields, with 68 

percent of the households owning only one plot. 
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Table 4.19: Percentage of farmers with different upland field sizes in the four districts 

Total cultivated 

upland (ha) Frequency 

District 

Chadiza Chipata Katete Petauke 

0.49 68 20.6 29.4 27.9 22.1 

0.50 2    100.0 

0.62 1  100.0   

0.63 1    100.0 

0.74 4  25.0 50.0 25.0 

0.75 2   50.0 50.0 

0.98 23 26.1 34.8 8.7 30.4 

0.99 3 50.0 50.0 100.0  

1.00 7 42.9 14.3 28.6 14.3 

1.23 6 40.0 70.0  20.0 

1.38 1  100.0   

1.47 50 22.0 22.0 28.0 28.0 

1.48 1 100.0    

1.50 1 100.0    

1.72 7 14.3 42.9 42.9  

1.96 26 11.5 34.6 34.6 19.2 

2.00 7 42.9 14.3 14.3 28.6 

2.21 9  55.6 22.2 22.2 

2.25 1   100.0  

2.36 1  100.0   

2.45 31 32.3 16.1 32.3 19.4 

2.46 1  100.0   

2.49 2  50.0  50.0 

2.50 1   100.0  

2.70 4 25.0 25.0  50.0 

2.94 21 33.3 19.0 23.8 23.8 

3.00 6 16.7 33.3 16.7 33.3 

3.43 10 10.0 30.0 20.0 40.0 

3.50 3   66.7 33.3 

3.68 2 100.0    

3.72 1    100.0 

3.75 1    100.0 

3.92 18 27.8 16.7 27.8 27.8 

3.94 1  100.0   

4.00 6 16.7 16.7 50.0 16.7 

4.41 6 50.0  16.7 33.3 

4.66 1   100.0  

4.90 7 28.6 28.6 14.3 28.6 

5.00 8 12.5 12.5 25.0 50.0 

NB: Mean=1.99; std. dev. =1.27; n=351 (Note: after excluding farms over 5 ha.) 
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4.3.2 Gardens 

In addition to upland fields, 73.4 percent farmers also owned gardens to meet their yearly 

food requirements. One hundred and three households from all the four districts did not own 

gardens, with Petauke district having nearly 40 percent respondents in this category. The 

average garden size per household for the total sample was 0.41 ha. However, only 73.4 

percent of the households owned gardens (Table 4.20). A total of six households (four from 

Chadiza, one from Katete and Petauke, respectively) each had garden sizes above 1.50 ha and 

were considered as outliers since they were pulling the average garden size to 0.10 ha. 

Chipata district had no farmers with garden sizes above 1.5 ha. Garden sizes of 3 and 5 ha 

were reported in Katete and Chadiza districts respectively. Although Petauke reported one 

garden size of 2.7 ha, all other farmers owned gardens of between 0.05 and 1.47 ha. A 

majority of households in all districts owned gardens in the range size of 0.05 to 1.50 ha. The 

average garden size per household was 0.51 ha (std. dev. =0.38, n=279) (Table 4.20). 

Table 4.20: Percentage of farmers with different gardens sizes in the four districts 

Total garden area (ha) 

Total 

respondents 

Percent districts respondents 

Chadiza Chipata Katete Petauke 

0.00 103 11.7 16.5 32.0 39.8 

0.05 18 27.8 33.3 16.7 22.2 

0.06 18 38.9 22.2 27.8 11.1 

0.13 14 0.0 50.0 14.3 35.7 

0.25 57 31.6 37.6 17.8 12.9 

0.38 3 33.3 33.3 33.3  

0.49 77 24.7 27.3 22.1 26.0 

0.50 8 25.0 25.0 12.5 37.5 

0.74 12 33.3 16.7 25.0 25.0 

0.75 1    100.0 

0.98 29 31.0 13.8 41.4 13.8 

1.00 13 15.4 15.4 30.8 38.5 

1.23 3  66.7  33.3 

1.25 1  100.0   

1.47 9 22.2 33.3 33.3 11.1 

1.50 6 50.0  50.0  

1.96 1 100.0    

2.00 1 100.0    

2.21 1 100.0    

2.70 1    100.0 

3.00 1   100.0  

5.00 1 100.0    

Households with gardens (%) 73.5 86.7 82.7 67.0 59.0 
NB: Mean = 0.51; std. dev. = 0.38; n=279; median = 0.25. 
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Gardens are mainly used for growing vegetables for both home consumption and income 

generation. They serve as a source of fresh vegetables mainly between April and October. 

Studies have shown that biomass transfer is labour intensive and hence can only be used when 

growing high-value crops (Kuntashula et al., 2004). Most high value crops are grown during 

the dry season and in the wetland gardens. Biomass transfer has not been found to be practical 

in upland fields because it is labour intensive (Kuntashula et al., 2004; Kuntashula et al., 

2006). Since upland fields are larger than vegetable gardens, they would require even more 

labour to implement biomass transfer. 

Some of the upland fields and gardens within the study area have been cultivated since 1920. 

Most of them however were said to have been initially cropped during the 1980s. Figure 4-2 

shows an increase of new fields over time, with the period between years 2000 and 2004 

having the highest number of newly established fields. The trend of establishing new gardens 

increased steadily from 1980 onwards. The trend was attributed by farmers to increased 

access to training and extension, availability of markets for fresh vegetables and a wide 

diversity of vegetables to be grown. There were many fields that had been cultivated for 

periods long enough to require proper soil management to ensure sustainable yields. 
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Figure 4-2: Gardens and upland fields initial year of cropping 
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Respondents were asked about the history of the upland field plots before the current owners 

had started cropping them. Figure 4-3 shows that 46.8 percent of the fields had been inherited 

from parents, 44.2 percent were cleared woodlands and nearly eight percent of fields were 

grasslands before cropping began. Grasslands usually result from land that has been over 

cultivated to the extent that, even if they were left to fallow for many years, hardly any broad-

leafed vegetation grows on them. Only one percent of the fields was reported to have been 

acquired either as gifts from other family members (not parents), friends, the church, or were 

claimed to have been bought. Although a small proportion of farmers reported to have 

purchased land, buying and selling of land within the chief‟s area is not a permitted act. It was 

not clearly stated how such land acquisition occurred. Most likely it would have been through 

exchange of worthy items other than cash. 

 

Landuse before household started cropping field

OtherGrasslandWoodlandParent's

P
er

ce
n

ta
g

e 
o

f 
re

sp
o

n
d

en
ts

40

30

20

10

0

 

Figure 4-3: Status of upland fields before initial cropping by current owner 

 

4.3.3 Tenure of land 

Respondents were asked about their land tenure. Ninety eight percent of the respondents 

owned the fields that they cultivated. The rest either borrowed or rented their fields. None of 

the respondents possessed legal title to land and could therefore not use it as collateral but 
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they said as long as the land was being cultivated it would not be re-allocated to another 

person. Families occasionally re-allocate land to other family members if it lay idle for a long 

time. In situations where a family member decided to move to the city and did not return 

within a certain space of time, families assumed that they were not interested in farming and 

therefore re-allocate that land to some other family member. In cases where the family did not 

cultivate the land for a long time and the chief or headman is approached by others who are 

short of land to cultivate, the chief considers such idle land for re-allocation to other families 

but only in consultation with previous owners. Chiefs are custodians of traditional land in 

Zambia. 

4.3.4 Soil fertility status and management 

Farmers were asked to classify the fertility status of their plots‟ into three categories as 

„good‟, „fair‟ and „poor‟ based on crop production levels over time. A plot with „good‟ soil 

fertility meant that farmers could produce enough food to last them the whole year whereas 

plots classified as „fair‟ would produce crops sufficient enough to store but not to last the 

whole year. It was however not established the number of months that such households would 

be food secure. Plots were classified as „poor‟ if crop production resulted only in harvesting 

what farmers could consume during the harvest period but had nothing to store. 

Forty six percent of fields were classified to be „fair‟ and 29 percent of fields were said to be 

„poor‟. Only 25 percent of the fields were said to be „good‟. These „good‟ fields however also 

required application of manures or inorganic fertilisers in order to increase their production 

capacity. Farmers preferred to apply inorganic fertilisers to fields where they grow hybrid 

crops for sale. They still grew crops for their own consumption in „good‟ fields and usually 

with locally stored and recycled seed and without using external inputs. A boost of nutrients 

increases yield and could easily be done through the application of inorganic fertilizers yet 

they are costly and beyond most farmers‟ budgets. 

In contrast to the upland fields, 64 percent of respondents said their gardens had „good‟ soil 

fertility; 31 percent described it as „fair‟ whereas only five percent rated them as „poor‟ soil 

fertility. 

Farmers were also asked to identify the methods that they used to improve crop productivity, 

and to rate the extent to which they used their selected methods. Each soil fertility method had 

five choices, 1 „never used‟, 2 „rarely used‟, 3 „used sometimes‟, 4 „used often‟ and 5 „used 

always‟. As Table 4.21 shows, none of the rated methods of soil fertility were commonly 

used. The least used method was green manure. Comparatively, improved fallows and 
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biomass transfer, which are technologies of interest for this study, were not commonly used. 

This pattern is consistent with the finding of low trialling and adoption levels (Table 4.26) 

within the study area. 

Table 4.21: Use of soil fertility enhancement  methods 

Soil fertility 

improvement technique Mean score* 

Inorganic fertiliser 3.18 a 

Animal manure 2.65 b 

Conservation farming 2.25 c 

Improved fallows 1.96 d 

Biomass transfer 1.52 e 

Crop rotation 1.41 e 

Composting 1.26 ef 

Green manure 1.07 f 
*Mean score 1 = Never; 2 = rare; 3= Sometimes; 4= often and 5= always 

As inorganic fertilisers are the quickest means to nourish the soils with the much needed 

nitrogen for increased grain yield, most farmers prefer it as a first option and only use other 

methods when they are not able to obtain subsidised fertilisers. Usually farmers have used 

other soil fertility methods along with fertilisers. Take for example, use of animal manure 

which might be used as a basal dressing yet farmers would look to applying urea as a top 

dressing fertiliser in order to improve crop yields. The cost and availability, including late 

delivery of inorganic fertilisers are what limited their use. 

Use of animal manure is restricted to farmers that own cattle. Even in these cases, manure has 

not been available in sufficient amounts to cover entire fields. In some cases, the quality of 

manure has also been said to be lower in mineral contents and therefore not sufficient to meet 

the levels required by crops. The lower amount of available animal manure has been 

attributed to the management system for livestock. Livestock are free to range for most of the 

year, so collection of manure in one place is not possible. This study found that animals were 

kept in enclosures only at night time. In addition to this, the free-grazing management system 

also challenges promotion of zero tillage which requires that crop residue is left in the field 

for better retention of moisture and nutrients. This livestock management system was not 

probed further to establish the extent of loss of nutrients and crop residue, although it could be 

a potential topic for future studies. 



 85 

The average scores for soil fertility improvement methods differed significantly between the 

three categories of adopting farmers of improved fallows. Table 4.22 shows the mean scores 

of the three adoption groups. Generally rating of soil fertility methods was between 1 for 

„never used‟ and 2 for „rarely used‟ categories, which are close to the results shown in Table 

4.21. 

Table 4.22: Mean scores for soil fertility improvement method 

 Mean scores* 

Adoption 

categories 

Improved 

fallows 

Biomass 

transfer 

Adopted 2.296 2.492 

Stopped 2.076 2.361 

Never trialled 1.646 1.757 
*Mean score 1 = Never; 2 = rare; 3= Sometimes; 4= often and 5= always 

The mean scores for adopters of biomass transfers did not differ from that of farmers who had 

stopped (Table 4.22). In all cases however, soil fertility methods were either never used or 

rarely used, implying that most farmers cultivate without use of any soil fertility 

replenishment techniques. 

4.3.5 Method of cultivation 

Farmers were asked about the methods they used to cultivate their plots. Responses shown 

here are from households whose upland field sizes were in the range 0.49 to 5 hectares. In the 

case of gardens, plots ranged from 0.05 to 1.5 ha. Slightly above 50 percent of the upland 

fields were cultivated by hand-hoeing, 29.9 percent were cultivated through a combination of 

hand-hoeing and hand/ox-drawn ploughs and 19.9 percent of fields were cultivated by 

hand/ox-drawn ploughs only (Table 4.23). Seventy eight percent of farmers used only hoes to 

cultivate their gardens, more than those relying entirely on hand-hoeing upland fields Table 

4.23. Hand-drawn ploughs were occasionally used and 20 percent of the farmers use a 

combination of hand hoes and hand-drawn ploughs, whereas only two percent use only hand-

drawn-ploughs. Gardens were fenced to restrict animal entry and were therefore not easy to 

access with large farm implements. This could be the reason for low usage of ploughs in 

cultivating gardens. In addition, farmers usually make mounds on which they grow crops. 

This is to prevent water logging of plants. Normally, preparation of gardens starts around 

February when water levels in dambos are still high. Therefore they have to make high 

mounds that will not submerge crops in water. Because of the nature of the mounds, which 

are normally raised above 30 centimetre heights, farmers prefer to use hand hoes. 
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Table 4.23: Methods used to cultivate upland fields and gardens 

 Methods of cultivating 

Field type Hand hoe 

Ox or hand 

drawn plough 

Combined 

methods (hoe 

and plough) 

Upland fields 50.1 19.9 29.9 

Gardens 77.5 2.5 20.0 

 

4.4 Agroforestry extension 

Often, the uptake of new technology is said to be influenced by the farmer‟s contact with 

extension services. Extension agents are said to provide inputs and technical advice (Doss & 

Morris, 2001). How well or poorly conducted extension education is can also be a major 

factor in influencing trialling and adoption of new technology (Mosher, 1978). Some 

extension agents are said to be better teachers and how much better a teacher an extension 

agent is determines the level of confidence that farmers would have in him. The more farmers 

have confidence in the extension agent, the more likely they are to trial and adopt a particular 

technology being promoted, regardless if it were profitable and even if they would have to 

dis-adopt it later (Mosher, 1978). The role of the extension agent is to help farmers to be in 

the position to make their own decisions and not to make decisions for them (Mosher, 1978). 

4.4.1 Awareness of agroforestry 

Farmers were asked if they had heard about agroforestry technologies. Examination of 

frequencies showed that 93 percent of the farmers were aware of agroforestry. The periods 

within which these farmers became aware of agroforestry vary (Figure 4-4). There were fewer 

farmers who were aware of agroforestry in the initial years when agroforestry research was 

started in Zambia. ICRAF started agroforestry research work in 1988 with a Diagnostic and 

Design (D&D) survey and then on-station research commenced thereafter with on-farm 

research being initiated in 1992. The study found that farmers within the study area started 

becoming aware of agroforestry in 1992, coinciding with the time at which on-farm research 

was initiated. Until 1999, there was a slow increase in levels of awareness (Figure 4-4). 
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Figure 4-4: Diffusion of agroforestry among the sampled farmers showing the period 

that they indicated becoming aware of agroforestry 

 

A sharp increase was observed from year 2000 although the year 2003 stands out with high 

outcome. Year 2000 increase could be attributed to deliberate promotion of agroforestry by 

the District Women Development Association (DWDA). Although there are variations in the 

numbers of farmers becoming aware in different years, the level of awareness after year 2000 

were still higher than those achieved in the 1990‟s (Figure 4-4).The general increase after 

1997 could also be attributed to ICRAF‟s introduction of development research, which 

deliberately promoted agroforestry among farmers, beyond those participating in on-farm 

research (Böhringer, 2002b). Agroforestry development research‟s inception also facilitated 

networking among institutions with agriculture and environmental interests, including among 

others Plan International, World Vision International, Eastern Province Women Association 

(EPWA), DWDAs, etc. 

The downside to ICRAF‟s development unit was that it initially created high expectations 

among partners in terms of technical and financial support, and in some way was perceived as 

a competitor to already existing extension agents. The effect of ICRAF‟s reduction in 

operations in Zambia could therefore have led to the decline observed after 2005 (Figure 4-4) 

since they were the core institution involved in agroforestry extension. The decline could also 

be associated with reduced numbers of farming communities that were not yet aware of 

agroforestry. Diffusion could have been reached in terms of awareness and therefore no new 

households were becoming aware for the first time. 
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4.4.2 Sources of agroforestry information 

Respondents were asked to identify their sources of agricultural and agroforestry information. 

This question was intended to determine if there were differences in sources for the two 

activities. Farmers depend on various sources for agricultural and agroforestry information. 

Figure 4-5 shows what the main sources of information are for the farmers. The Agricultural 

Extension Officers (Camp Officers) were found to be the main source of information for both 

agroforestry and other agriculture technologies. Radio and other farmers were the next most 

common sources. Reading materials are the least used source of information. This finding 

could be related to that on education levels of farmers given that the majority of the farmers 

have either never been to school or only up to Grade 7, and their ability to read and write is 

low, as was shown in Section 4.2.4 above. It is also not surprising that NGOs have not been 

found to be among the most important sources of information because their operations are 

limited to project operational areas as well as to interacting with particular target groups. 
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Figure 4-5: Main sources of information about farming practices 
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Farmers were also asked to identify their initial sources of information about agroforestry and 

subsequent sources. The initial and subsequent sources of agroforestry information for 

farmers were different. Figure 4-6 shows that over 50 percent of farmers indicated the 

agriculture extension officer as their initial source of agroforestry information. Generally, 

farmer‟s first contacts on agricultural issues are agricultural extension officers who are trusted 

as technocrats in this field. It is worth noting the role of fellow farmers and farmer trainers in 

the dissemination of agroforestry technologies. Although these are itemised separately, farmer 

trainers are also farmers who have been selected to act as contact farmers on agroforestry 

technologies. They are the farmers who are trained by technocrats so that they can in turn 

train other farmers in their communities. Although neighbours and radio were not common as 

initial sources of agroforestry information, their role as subsequent sources is considerable. 

Even though radio was not found to be as popular an initial agent as others, it supersedes 

researchers, farmer trainers and NGOs as an alternative awareness agent for agroforestry 

technologies. 

Figure 4-6: Sources of information for agroforestry 

 

4.4.3 Agroforestry training 

Farmers were asked if they had received training in how to practice agroforestry. The results 

show that 47.9 percent of farmers had been trained in agroforestry. This study also established 

that different groups of trainers were involved in agroforestry training (Figure 4-7). 

Agricultural extension officers were found to have been the trainers for over 50 percent of 

farmers. Farmers could not differentiate exactly between farmer trainers, farmer researchers 

and ordinary fellow farmers but they were able to indicate that some of the training was done 

by their fellow farmers. Therefore the category of fellow farmers includes trainers from these 
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three groups combined. It is likely that some of this training was being organised by farmer 

trainers or contact farmers as they are referred to in most cases. The percentages of farmers 

that have been trained are almost the same as those that have trialled improved fallows. 
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Figure 4-7: Sources of training in agroforestry 

 

4.4.4 Proximity and access to extension services 

Farmers were asked about their contact with extension services. The proportion of farmers 

that did not visit the extension officer/station was high. However, less than 20 percent of the 

farmers could be said not to have had interaction with extension. This is based on the 

responses given by farmers that show that extension officers had been visiting them in their 

respective communities/villages although the number of times that these visits occurred varied 

(Figure 4-8). Sixty three percent of farmers had never visited extension staff and 16.6 percent 

have never been visited by extension staff (Figure 4-8). This study did not establish the nature 

of visits by extensionists and how well they related to agroforestry extension. However 

farmers said that such visits were intended to cover all farming topics. As such, there is an 

opportunity for farmers to ask about any aspect of farming, including agroforestry. What 

mattered were farmer practices since they determined the direction and extent of discussion, 

and so did time required to complete the visits. 

 



 91 

 

0

10

20

30

40

50

60

70

No visits 1 to 3 3 to 6 7 to 9 10 to 12 > 12

Frequency of visits per year

P
er

ce
n

ta
ge

 o
f 

re
sp

o
n

d
en

ts

Farmer visits extension

Extension visits farmer

 

Figure 4-8: Frequency of extension visits between farmers and extension technicians 

 

It can be seen from Figure 4-8 that about 80 percent of the farmers had received one visit or 

more in a year. In fact, over 30 percent of the farmers reported they received more than 12 

visits a year, which could translate into having at least one visit in a month. Practically, there 

would be more visits during the growing season (November to April) for on the spot advice 

on crop performance than there would be during the dry season when not much agricultural 

activity takes place. It has also been known that some of the training takes place during the 

dry season, especially in subject areas relating to marketing and storage and or other general 

capacity building courses such as leadership skills and group mobilisation. 

Farmers were asked to indicate how much time it took them to walk to the extension location. 

Figure 4-9 is an illustration of the range of walking times from extension location to farmers‟ 

villages. Over 50 percent of farmers take at least an hour to walk to extension location. Less 

than 20 percent live within 30 minutes walking time. Although emphasis here is placed on 

walking time, some of the farmers use bicycles and would therefore take a shorter time. 

However, walking distance was asked for because not many farmers own bicycles and most 

would have to walk to these places to access extension services. The distance to extension 

also explains why many farmers may not have paid a visit there (Figure 4-9). At the same 

time, these walking distances might also be what limited extension officer‟s visits to farmers. 

Extension Officers were provided with bicycles and or motor cycles but maintenance and 

running costs were limiting factors to how much they could do. 
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Figure 4-9: Walking time from villages to extension location 

 

Table 4.24 presents the relationship between walking distances and the number of extension 

visits made by both the farmers and the extension workers. There were more farmers in both 

groups that had not had any extension visit, irrespective of the distances. Generally, the 

extension workers made more visits to the farmers irrespective of distance, although more 

visits were recorded by farmers who lived at localities estimated with walking distance more 

than 60 minutes (Table 4.24). In the case of farmers‟ visits, one to three visits were common 

across all classes of walking distances (Table 4.24). 
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Table 4.24: Frequencies for walking time to extension location in relation to number of 

extension visits 

Time to nearest extension 

service 

Number of extension visits 

No visits 1 to 3 3 to 6 7 to 9 10 to 12 >12 

 a. Extension visits by farmers 

1 to 15 17 5   1 11 

16 to 30 20 8 5  1 4 

31 to 45 27 10 1   4 

46 to 60 43 21 3  2 3 

>60 138 44 4 3 3 10 

Total 245 88 13 3 7 32 

 b. Extension visits by extension officer 

1 to 15 8 5 1 1 1 18 

16 to 30 7 7 3 2 3 16 

31 to 45 11 14 4  2 11 

46 to 60 13 23 12 5 1 18 

>60 28 58 35 11 12 58 

Total 67 107 55 19 19 121 

 

4.4.5 Farm decision making 

Farmers were asked to name one important source that had the greatest influence in making 

decisions on what new agricultural technologies to use on their farms. Figure 4-10 presents 

the results of farmers‟ responses. Sixty four percent (64%) of the respondents indicated the 

Camp Officer as the most important source, followed by their own families (15.5%) and 

friends (8.2%). The other factors such as farmer groups, farmer trainers and extended families 

were shown to have very little influence. Interesting too is the low influence from the 

headmen. One would expect that since headmen were also farmers and coupled with their 

leadership authority, that they would play a major role in influencing use of such agricultural 

technologies. 
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Figure 4-10: Important actors in farmer decisions to use new farm technologies 

 

Farmers were also asked to rate the extent to which the groups shown in Figure 4-10 were 

involved in the decision making process about farming activities. The rating scale was from 1 

to 5, with 1 referring to „never‟; 2 „rarely‟; 3 „sometimes‟; 4 „often‟ and 5 „always‟. In Figure 

4-11, it can be seen that the extent of involvement of „own family‟ (mean score above 4.0) 

superseded that of „Camp Officers‟ (mean score below 3.5). Farmer trainers, researchers, 

farmer researchers and village headmen had mean scores below 2.5, indicating their low level 

of involvement in making farming decisions. This finding raises concerns for dissemination 

of agroforestry in that most of the dissemination work has been done by farmer trainers and 

researchers, and to some extent through farmer researchers, whose fields are used for 

experiments within the locality of intended beneficiaries. Although radio, NGO, self and 

visitors were listed as important actors in farmers‟ decision to use new technologies, their 

extent of involvement was not rated highly by farmers. 
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Figure 4-11: Extent of involving others in making farm decisions (bars represents 

standard errors of the means according to Bonferroni test, LSD = 0.1779) 

4.4.6 Household decision making 

Respondents were also asked who makes decisions to undertake the various activities on their 

farms. This question was intended to find whether there were differences in who made 

decisions about activities that were income-generating, producing for consumption and those 

that only led to improved farm productivity. Results are shown in Figure 4-12. The bottom 

half below the dark line indicates activities that involved cash, either to purchase inputs or 

they generated family income as a result of implementation. The upper half has activities that 

were not cash based. 

 

Figure 4-12: Farmer decision making on implementing different farm activities 
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In the case of deciding on growing maize for home consumption, nearly half of the sampled 

households indicated that they made shared decisions. The distribution between the other half 

is also nearly a 1:1 ratio between males and females. The decision of planting fodders 

however was dominated by females. This is a surprising result considering that fodder is 

associated with livestock, a male dominated task within the study area. There was a 

dominance of male decisions among technologies that were cash-based compared to that of 

females. For example, growing maize for sale was dominated by either shared decisions or 

males only. In the case of making decisions on planting trees, either as woodlots or for 

nitrogen fixing purposes, which are of interest for this study, decisions to establish woodlots 

were dominated by males. However, the decision to establish nitrogen fixing trees had nearly 

a 1:1 ratio between males making the sole decision and „shared‟ decisions being made (Figure 

4-12). 

4.5 External factors 

Farmers were asked to identify if any of a range of possible factors influenced them to trial 

agroforestry technologies. This range of factors were categorised as external factors because 

they were subject to external influence. Two of the factors provided in the survey appear to 

have a big influence on agroforestry trialling. Figure 4-13 indicates that lack of seed and lack 

of knowledge influence trialling of improved fallows and biomass transfer more than other 

factors do. Each of the other factors‟ influence account for below 20 percent each. 
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Figure 4-13: Factors influencing adoption of agroforestry 
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Farmers were also asked about whether awareness of different agroforestry technologies 

influenced their decisions to adopt. Generally, the level of awareness in regards to both 

improved fallows and biomass transfer technologies was very high. The number of farmers 

that identified lack of awareness as factors influencing trialling and adoption of both 

improved fallows and biomass transfers were less than five percent and ten percent 

respectively (Figure 4-13). Therefore lack of awareness is not the reason farmers would not 

trial improved fallows or biomass transfer. Since lack of knowledge and lack of seed were 

said to influence trialling of both improved fallows and biomass transfer technologies more 

than would lack of awareness, limited land, lack of skill and lack of interest, they perhaps 

deserve particular attention when planning and implementing agroforestry development. The 

majority of farmers, irrespective of whether they had trialled improved fallows and biomass 

transfer or not, did not think that any of the identified factors were influencing the decisions to 

trial the technologies. 

 

Table 4.25: Frequency distribution of factors influencing trialling of agroforestry 

Factors 

Improved fallows Biomass transfer 

n Never trialled Stopped Adopted n Never trialled Stopped Adopted 

Lack seed 134 95 20 19 112 104 3 5 

Lack knowledge 98 98   130 123  7 

Lack skill 58 57 1  53 49  4 

Limited land 40 28 9 3 32 29 1 2 

Lack interest 25 19 5 1 28 24 2 2 

Not aware 6 6   38 38   
NB: Respondents could choose more than one factor 

 

4.6 Agroforestry adoption 

4.6.1 Classification of farmers into adoption classes 

A household was classified as trialling agroforestry if they had trial-planted agroforestry tree 

species. Those households that have trialled agroforestry, continued practicing it and have 

gone over one planting cycle of the agroforestry species, were classified as adopters. 

Households that have trialled agroforestry but had decided to discontinue using it were 

classified as „stopped (dis-adopters). Rogers (1995) defines discontinuance as the decision to 



 98 

reject an innovation after it has previously been adopted. In this case however, discontinuance 

may also be used in relation to farmers that have just trialled and for unknown reasons may 

have stopped use even before they experienced the benefits of it. This study did not establish 

whether the group of farmers that trialled agroforestry technologies had only intended to trial 

or they had intended to use the technologies. It will therefore be assumed that farmers who 

had trialled the technologies had intended to use them. 

It is hypothesised that there are differences between the three types of farmers, and that 

examining these differences could help explain the observed adoption levels for agroforestry 

in the study area. It was also hypothesised that both trialling and adoption of agroforestry 

technologies are influenced by internal and external factors. These factors are analysed and 

the results are presented in Chapter 5. 

4.6.2 Trialling and adoption levels 

Generally both the initial trialling and adoption of agroforestry in the study area are low 

(Table 4.26). Improved fallows and biomass transfer have a higher percentage of farmers who 

trialled. Farmers who have trialled woodlot, fodder bank and indigenous fruit technologies 

were less than five percent for each technology (Table 4.26). The levels of trialling for 

woodlot, fodder bank and indigenous fruit technologies are too low to meet the „minimum 

expected cell frequency‟ for the chi-square test and will therefore only be included in 

frequency tabulations to show extent of practice. For that reason, emphasis will be on trialling 

and adoption of improved fallows and biomass transfer technologies since they have large 

enough samples to enable statistical analysis. 

Table 4.26: (a) Trialling of agroforestry technologies (percentages) where  n=388 for 

each technology comprising the groups ‘never trialled’ and ‘trialled’. (b) 

Adoption of agroforestry technologies (*with variable number of 

respondents) 

 

Agroforestry technologies (%) 

Improved 

fallow 

Biomass 

transfer Woodlots 

Fodder 

banks 

Indigenous 

fruits 

a. Within the overall 

sample   

Never trialled 55.2 78.6 96.9 96.1 95.6 

Trialled 44.9 21.4 3.1 3.9 4.4 

b. Within the group who 

trialled a technology  

Adopted 73.6 89.2 91.7 80.0 82.4 

Stopped 26.4 10.8 8.3 20.0 17.6 

 (n=174)* (n=83)* (n=12)* (n=15*) (n=17)* 
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4.6.3 Perceived usefulness and ease of use of agroforestry technologies 

Table 4.27 summarises responses on perceived usefulness and perceived ease of use of 

improved fallows and biomass transfer technologies respectively. Farmers that have trialled 

the two technologies were asked a „yes‟ or „no‟ question on the five items related to the 

Technology Adoption Model (TAM). The table lists the number of farmers that responded 

„yes‟ to these questions. 

Table 4.27: Farmer perception on usefulness and ease of use of improved fallows 

 Parameter 

Improved fallow adoption (% of 

respondents answering ‘yes’) 

Adopted (n=128) Stopped (n=45) 

Increases production 96.1 75.6 

Increases income 93.0 71.1 

Enables one to save time to do other things 95.3 73.3 

Easy to learn and understand 99.2 86.7 

Easy to use 97.7 75.6 

 

High percentages of farmers from both the „adopted‟ and „stopped‟ group perceive improved 

fallows as a technology that increases production and is easy to use, learn and understand 

(Table 4.27). In fact the perception of its easiness to learn and understand meant it had the 

highest percentage response by both „adopted‟ and „stopped‟ farmers compared to the other 

parameters. The results contrast with assertions that improved fallow technology is 

knowledge intensive and that its knowledge intensiveness results in low trialling and adoption 

levels (Ajayi, 2007; Place et al., 2002). 

Responses from among farmers that trialled and adopted biomass transfer were similar for all 

parameters and even higher than for improved fallows. If these perceptions are something to 

go by, both improved fallow and biomass transfer technologies are perceived to have 

advantages that would encourage farmers to adopt them. This suggests that the perceived 

attributes of the technologies such as relative advantage, complexity, trialability, observability 

and compatibility, as considered in the adoption and diffusion model (Rogers, 2003) would 

not limit adoption of agroforestry technologies. 

4.6.4 Observed performance of agroforestry technologies 

Figure 4-14 shows the responses by farmers on their observed performance of agroforestry 

technologies on other farmers‟ fields. The data is not disaggregated into technology types and 
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the observations pertain to any technology that a farmer would have been exposed to. Farmers 

used observation to determine the performance of technologies. Generally responses indicate 

the positive perceptions of performance of these technologies. 
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Figure 4-14: Farmer perception of performance of agroforestry as observed at other 

people's fields 

 

4.7 Summary of the Chapter 

Various attributes have been described. They can be grouped into farm and farmer attributes, 

external attributes, extension factors as well as technology-related attributes. The level of 

trialling of agroforestry technologies has been assessed to be at 44.9 percent for improved 

fallows and 21.4 percent for biomass transfer; whereas adoption is generally high at 73.6 

percent and 89.2 percent for improved fallows and biomass transfer technologies respectively. 

The next chapter will include in the logistic models the attributes that chi-square tests of 

independence revealed had an association with trialling and adoption of improved fallows and 

biomass transfer. 
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    Chapter 5 

Adoption of agroforestry technologies 

5.1 Assessment of adoption using logistic regression analysis 

This section presents results from the empirical analyses for trialling and adoption of 

agroforestry technologies. Following the descriptions in Chapter 4, logistic models are used to 

investigate the factors that influence trialling and adoption of improved fallows and biomass 

transfer technologies. The Chapter is organised in four major sections: Trialling of improved 

fallows; Adoption of improved fallows; Trialling of biomass transfer; and Adoption of 

biomass transfer. Analyses are presented according to the four groups and logistic regressions 

are run in several variable combinations with the overall model for each section including all 

variables tested for a particular dependent variable. 

Logistic regression estimations were necessitated by the binary nature of the dependent 

variables (1=Trial/adopt; 0= not trial/dis-adopt). All logistic regressions were performed using 

SPSS and as was explained in Section 3.7.4, odds ratios are used for interpretation of results. 

The logistic model was applied to the data using the LOGISTIC REGRESSION command in 

SPSS version 15 (SPSS, 2006). Chi-square tests of independence analysis were initially done 

to establish the individual independent variables‟ association with either trialling or adoption 

of improved fallows and biomass transfer. This was done as a first step to selection of 

variables for inclusion in the logistic regression analysis. Independent variables were grouped 

into three and included: farm and farmer attributes; external factors; and extension factors. 

Later these variables were aggregated and assessed jointly on how they predicted trialling and 

adoption of both improved fallows and biomass transfer. The results of the logistic 

regressions are presented in Sections 5.2, 5.3, 5.4 and 5.5. 

5.2 Trialling of improved fallows 

As was shown in Section 4.3.3, the sample population owned one to five plots per household 

and therefore every household was considered to have had a chance to trial improved fallows. 

However, the proportion of the sample that had never trialled this technology was higher than 

those who had (Table 4.26). For example, 44.9 percent of farmers reported they had trialled 

improved fallows. Factors influencing trialling of improved fallows are discussed below. 

Sections 5.2.1, 5.2.2 and 5.2.3 present the finding of these logistic regressions. The results of 

the overall model appear in Section 5.2.4. 
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In order to predict trialling of improved fallows, we used several independent variables from 

the 2008 survey that was designed for this study. The independent variables chosen for 

logistic regression analysis are gender (gender), age group (agegroup), club membership 

(clubmemb), income from livestock sales (Lstockinc), household size (Treside), number of 

female adults in a household (resideAF), farm size (Tfarmland), walking distance from village 

to the farm plot (distplt), farming experience (Farmexpr), lack of skill (skilIF), lack of 

knowledge (knowIF), lack of seed (seedIF), lack of interest (intrIF), lack of awareness 

(hearIF), knowing someone else who uses agroforestry practices (elseuse), number of visits a 

farmer pays to the extension service (farvists), number of visits that a farmer receives from 

the extension (farvistd), agriculture extension officer as main source of agroforestry 

information (Afinfoae), researchers as main source of information (Afinfoar), trained in 

agroforestry practices (Aftraind), agriculture extension as agroforestry trainer (Aetraind), 

researcher as agroforestry trainer (Rstraind), and farmers as agroforestry trainers (Frtraind). 

5.2.1 Improved fallows trialling: farm and farmer attributes 

The first attempt to predict trialling of improved fallows was to use farm and farmer 

attributes. A logistic regression model was fitted to the trialling data to explain the predicted 

odds of farmers‟ trialling improved fallows. The dependent variable is whether a household 

has trialled improved fallows (1= trialled, 0= not trialled). The model included nine farmer 

characteristics. These variables are shown in Table 5.1 and include: gender (gender), 26-35 

years (agegroup1), 36-45 years (agegroup2), 46-55 years (agegroup3), above 55 years 

(agegroup4), club membership (clubmemb), income from livestock sales (Lstockinc), size of 

household (Treside), size of cultivated farmland (Tfarmland), number of female adults in 

household (resideAF), walking distance to farm plot (distplt) and farming experience 

(Farmexpr). Six of these independent variables are treated as interval. The variable agegroup 

(transformed according to 18-25, 26 – 35, 36-45, 46-55, above 55) was represented by four 

dummy variables (agrgroup1 through agegroup4) with the first category (ages 18 to 25) being 

omitted and designated as the reference group. 
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Table 5.1: Descriptive statistics for variables in the analysis 

Variable name Variable description Mean Std. Deviation 

Gender Gender 0.57 0.495 

agegroup1 Age 26 to 35 0.29 0.456 

agegroup2 Age 36 to 45 0.10 0.301 

agegroup3 Age 46 to 55 0.18 0.387 

agegroup4 Age above 55 0.07 0.263 

clubmemb Club membership 0.63 0.483 

Lstockinc Income from livestock sales 383150.77 611209.11 

Treside Number of persons residing in household 6.55 2.982 

resideAF Adult females residing in household 1.57 1.058 

Tfarmland Total cultivated upland (ha) 2.69 3.21 

distplt Walking time from village to upland fields in minutes 31.35 24.854 

Farmexpr Farming experience 15.34 11.346 

 

Table 5.2 summarises the results of the logistic regression from the study of how household 

and farm characteristics relate to the decision to trial improved fallows. The Omnibus Tests of 

Model Coefficients indicates that the model containing all the predictors was statistically 

significant, (
2
 = 48.001, df =11, N=388, p< 0.000). This indicates that the model was able to 

distinguish between respondents who trial improved fallows and those that do not. The model 

as a whole explained between 11.6 percent (Cox & Snell R square) and 15.4 percent 

(Nagelkerke R square) of the variance in trialling of improved fallows. This means that 

approximately 11.6 to 15.4 percent of the variance in whether a farmer trialled improved 

fallows can be predicted from the linear combination of these independent variables. 

This model also correctly classified 62.4 percent of the cases (Table 5.2 Model 1b), which is 

an improvement from that of the null model of 55.2 percent (Table 5.2 Model 1a). The 

Hosmer-Lemeshow test results (2 = 9.04, df = 8, P=0.339) of non-significance indicate that 

the goodness of fit is satisfactory, that the model fits the data adequately. 

The results of the logistic regression analysis (Table 5.2 Model 1b) show that not all variables 

are statistically significant. The Wald test shows that only four of the independent variables 

(gender, clubmemb, Tfarmland, Farmexpr) contributed statistically significantly to the model. 

The strongest predictor of trialling improved fallows was club membership which recorded an 

odds ratio of 2.96. The odds ratio indicated that respondents who trialled improved fallows 

were nearly three times more likely to report they were a member of a farming club than those 

who had never trialled, assuming that the values of the other variables were held constant. 
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The odds ratio for gender of 0.62 also implies that males were less likely than females to 

report that they had trialled improved fallows. Previous research however suggests that there 

is no association between trialling of improved fallows and gender (Ajayi et al., 2001; 

Franzel, 1999; Phiri et al., 2004). 

The odds ratio for total cultivated farmland of 1.112, whose regression coefficient also shows 

a positive relationship, indicates that farmers were more likely to report having trialled 

improved fallows with a unit increase in hectares of land, holding other factors in the model 

constant. Generally, this implies that farmers with larger pieces of land were more likely to 

trial agroforestry than those with smaller pieces of land. 

Another variable that was found to be significant is farmexpr, with an odds ratio of 1.027. 

This indicates that an increase in the number of years of farming experience by one unit also 

increases the chance of a household reporting having trialled improved fallows. It would 

therefore be expected that farmers who have more years of farming experience are likely to 

report that they have trialled improved fallows than those with fewer years of experience. 

Table 5.2: Logistic regression estimation for the trialling of improved fallows (A) 

 Model 1b Model 1a 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

gender(1) -0.478 0.04 0.233 0.62         

agegroup(1) -0.599 0.229 0.498 0.549         

agegroup(2) -0.432 0.400 0.514 0.649         

agegroup(3) -0.213 0.696 0.545 0.808         

agegroup(4) -0.487 0.393 0.570 0.615         

clubmemb(1) 1.086 0.000 0.247 2.962         

Lstockinc 0.000 0.417 0.000 1.000         

Treside -0.004 0.938 0.047 0.996         

resideAF 0.161 0.236 0.136 1.175         

Tfarmland 0.107 0.034 0.050 1.112         

distplt -0.002 0.688 0.004 0.998         

Farmexpr 0.027 0.018 0.011 1.027         

Constant -1.036 0.049 0.527 0.355 -0.207 0.043 0.102 0.813 

Model Chi-square 48.001               

Model df 11               

Model Sig. 0.000               

-2 Log likelihood 485.75       533.751       

Cox & Snell R Square 0.116               

Nagelkerke R Square 0.156               

Hosmer and Lemeshow Chi-square 9.040               

Hosmer and Lemeshow df 8               

Hosmer and Lemeshow Sig. 0.339               

% correct predictions 62.4       55.2       
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5.2.2 Improved fallows trialling: external factors 

The second component assessing trialling of improved fallows had four explanatory variables: 

lack of skill (skillIF); lack of knowledge (knowIF); lack of seed (seedIF); and lack of interest 

(intrIF). All four predictors were statistically significant, (Table 5.3 Model 1c). This shows 

that the model was able to differentiate between respondents who reported they had trialled 

and those who had not trialled improved fallows. 

This logistic regression model explained between 40.7 percent (Cox and Snell R square= 

0.407) and 54.5 percent (Nagelkerke R squared= 0.545) of the variance in trialling of 

improved fallows. This implies that trialling of improved fallows can be predicted from the 

linear combination of these four independent variables. The Hosmer and Lemeshow‟s 

goodness-of-fit test, a measure of overall fit is non-significant, (2 = 0.01, df = 3, N=388, p = 

1.0) implying a good fit of the model (Table 5.3 Model 1c). 

The model indicates that these four variables would result in correctly classifying 78.4 percent 

of cases. The model improved the prediction from 55.2 percent prediction of the null model 

by 23.2 percent. This set of independent variables helped to predict farmers who would not 

trial improved fallows (82.2% correct) and those who would trial (73.6% correct). 

Inspection of the Wald statistics reveals that only three of the assessed independent variables 

contributed significantly to the model: lack of skill (skilIF); lack of seed (seedIF); and lack of 

interest (intrIF). Regression coefficients for the three significant variables indicate a negative 

relationship with trialling of improved fallows, meaning that the lack of skill, lack of interest 

and lack of seed negatively influenced farmer decisions to trial improved fallows. None of the 

statistically significant variables had odds ratio values above 0.5 (Table 5.3). Odds ratios for 

lack of seed (0.244), lack of interest (0.103) and lack of skill (0.024) indicate that respondents 

with these experiences were less likely to report having trialled improved fallows. It is 

therefore highly likely that farmers with a combination of these circumstances were not likely 

to trial improved fallows. 
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Table 5.3: Logistic regression estimation for the trialling of improved fallows (B) 

 Model 1d Model 1c 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

skilIF(1)         -3.724 0.000 1.055 0.024 

knowIF(1)         -21.403 0.995 3537.234 0.000 

seedIF(1)         -1.409 0.000 0.284 0.244 

intrIF(1)         -2.277 0.000 0.507 0.103 

hearIF(1) -18.852 0.999 16317.936 0.000         

elseuse(1) 0.392 0.309 0.385 1.480         

farvists(1) -0.062 0.860 0.350 0.940         

farvists(2) -0.215 0.792 0.815 0.807         

farvists(3) 20.313 0.999 22425.438 663226571         

farvists(4) 0.686 0.519 1.064 1.987         

farvists(5) 0.801 0.164 0.575 2.228         

farvistd(1) 0.478 0.292 0.454 1.613         

farvistd(2) 0.271 0.615 0.537 1.311         

farvistd(3) -0.812 0.257 0.716 0.444         

farvistd(4) 0.665 0.340 0.698 1.945         

farvistd(5) -0.100 0.838 0.490 0.905         

Afinfoae(1) 0.400 0.189 0.304 1.491         

Afinfoar(1) 1.644 0.000 0.404 5.177         

Afinfngo(1) 0.586 0.320 0.589 1.796         

Aftraind(1) 2.951 0.000 0.597 19.124         

Aetraind(1) -0.409 0.488 0.590 0.664         

Rstraind(1) 0.546 0.441 0.709 1.727         

Frtraind(1) -0.490 0.520 0.762 0.612         

Constant -2.722 0.000 0.498 0.066 1.218 0.000 0.185 3.38 

Model Chi-square 202.956       203.013       

Model df 19       4       

Model Sig. 0.000       0.000       

-2 Log likelihood 330.795       330.738       

Cox & Snell R Square 0.407       0.407       

Nagelkerke R Square 0.545       0.545       

Hosmer and Lemeshow Chi-square 15.068       0.001       

Hosmer and Lemeshow df 8       3       

Hosmer and Lemeshow Sig. 0.058       1.000       

% correct predictions 81.7       78.4       

 

5.2.3 Improved fallows trialling: extension factors 

The third logistic regression model included extension factors (Table 5.3 Model 1d). These 

include awareness of improved fallows (HearIF); knowing someone else who has trialled 

improved fallows (elseuse); number of times the farmer visited the extension officer 

(farvists); how often the extension officer visited the farmer (farvistd); if the initial source of 

information of agroforestry was an extension officer (afinfoae); researcher (afinfoar); or NGO 

(afinfngo); being trained in agroforestry (aftraind); if trained by agricultural extension officer 

(aetraind); if trained by researchers (rstraind); and if trained by a fellow farmer (frtraind). 

Farvists and farvistd are categorical variables with 5 levels each (novisits, 1-3, 4-6, 7-9, 10-
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12, and more than 12). Novisits is the omitted category for the 6 dummy variables for both the 

farvists and farvistd categorical variables. 

Table 5.3 (Model 1d) summarises the results of the logistic regression with these variables. 

The model as a whole explained between 40.7 percent (Cox & Snell R square = 0.407) and 

54.5 percent (Negelkerke R square= 0.545) of the variance in trialling status. The Hosmer-

Lemeshow test results (
2
 = 15.068, df = 8, P=.058) indicate that the goodness of fit for this 

model is not satisfactory. 

Only two variables were found to be significant. According to the Wald statistics, the 

strongest extension predictor of trialling improved fallows was Aftraind, that is, that of being 

trained in agroforestry, which recorded an odds ratio of 19.124. This indicated that 

respondents who had trialled improved fallows were 19 times more likely to report that they 

had been trained in agroforestry, assuming that the values of the other variables were held 

constant. The odds ratio for Afinfoar (the initial source of information being researchers) was 

5.177, implying that farmers who trialled improved fallows were five times more likely to 

report that their initial source of agroforestry information were researchers. This suggests that 

the odds of trialling improved fallows are increasingly greater in farmers whose initial 

agroforestry information source were researchers and had been trained in agroforestry. 

5.2.4 Overall model for trialling of improved fallows 

The overall model (Table 5.4 Model 1f) contained twenty three independent variables: 

gender; agegroup; clubmemb; Lstockinc; Treside; resideAF; Tfarmland; distplt; skillIF; 

knowIF; seedIF; intrIF; hearIF; elseuse; farvists; farvistd; Afinfoae; Afinfoar; Afinfngo; 

Aftraind; Aetraind; Rstraind; and Frtraind. This model consists of variables that are a 

collection of variables from Model 1b (Table 5.2), Model 1c and Model 1d (Table 5.3). The 

purpose of this analysis was to check for interactions between variables from three different 

groupings of categories. 

Table 5.4 consists of two models, Model 1e which accounts for a combination of farmer and 

farm characteristics and external factors, and Model 1f which adds extension variables to 

Model 1e. Firstly, I will explain the results in Model 1e and thereafter those of model 1f 

because Model 1f builds on Model 1e. 

Model 1e shows that after accounting for the external variables, Clubmemb, Farmexpr, 

skillIF, seedIF and intrIF variables are the only ones that are significantly associated with 

trialling of improved fallows. Although model 1b showed that gender was associated with 
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predicting trialling of improved fallows, the addition of external factors to the model rendered 

gender insignificant (Table 5.4 Model 1e). Tfarmland is another factor that becomes 

insignificant in this model. 

The introduction of the external factors improved the correct prediction of farmers into the 

trialling group to 81.7 percent. In addition the amount of explained variance improved to 

between 44.7 percent (Cox & Snell R square = 0.447) and 59.8 percent (Nagelkerke R square 

= 0.598) (Table 5.4 Model 1e). 

Results of the overall model for trialling of improved fallows (Table 5.4 Model 1f), which 

introduces the extension variables in the model indicate that eight variables significantly 

influence trialling of improved fallows. They include gender; Lstockinc; skillIF; seedIF; 

intrIF; Afinfoae; Afinfoar; and Aftraind. Coefficients (B) in Table 5.4 (Model 1f) show that 

gender, skillIF, seedIF and intrIF negatively influence trialling of improved fallows. The odds 

ratios magnitudes (Exp (B)) and direction of relationships are similar to those obtained from 

the separate regressions in Model 1b (Table 5.2), Model 1c and Model 1d (Table 5.3). 

The odds ratio for lack of skill is 0.021, implying that the likelihood of trialling improved 

fallows reduces with lack of skill (Table 5.4 Model 1f). Similarly, lack of seed, with odds 

ratio of 0.195, also reduces the likelihood of trialling improved fallows and so does lack of 

interest (Exp (B) = 0.108). On the other hand, Aftraind (having been trained in agroforestry), 

with odds ratios of 25.4, positively influences trialling of improved fallows. This implies that 

farmers that have trialled improved fallows were over twenty five times more likely to report 

that they had been trained in agroforestry, holding other factors in the model constant. In the 

case of researchers being the initial sources of agroforestry information (Afinfoar), the 

findings imply that farmers who have trialled improved fallows were over three times more 

likely to report researchers as initial source of information about agroforestry. Likewise, 

farmers who have trialled improved fallows were over two times more likely to report that 

agricultural extension officers (Afinfoae) as their main source of agroforestry information. 

Other factors that were significant with earlier groupings such as club membership, total 

cultivated land, and farming experience were not found to be significant in this interaction 

(Table 5.4 Model 1f). Whereas these factors might seem statistically unimportant at this stage, 

it is imperative to consider them during planning for promotion of improved fallows in early 

stages. For example, although club membership was found to be associated with trialling of 

improved fallows as an individual variable (Table 5.2 Model 1b), the finding derived from 

grouping it with extension and external factors contrasts with those findings (Table 5.4 Model 
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1f). In this overall model, club membership was not found to be associated with trialling of 

improved fallows. Even though club membership was not found to be statistically significant 

here, it still deserves attention especially in relation to reaching wider communities faster. 

The variable gender, which consistently has a negative coefficient, becomes significant again 

with the introduction of extension variables into the model. Another variable that becomes 

significant with the introduction of extension variables is lstockinc (income from livestock 

sales). However, the clubmemb variable becomes insignificant when extension variables are 

taken into account. Factors that have consistently been significant in their individual groups 

(Models 1b, Model 1c and Model 1d) as well as in the overall model (Model 1f) include 

gender, skillIF, seedIF, intrIF, Afinforar and Aftraind. 

Model 1f was found to be statistically significant, indicating that the model was able to 

distinguish between respondents who trialled and those that had not trialled improved fallows. 

The model as a whole explained between 56.3 percent (Cox and Snell R Squared =0.563) and 

75.4 percent (Nagelkerke R Squared = 0.754) of variance in trialling of improved fallows 

(Table 5.4 Model 1f). The combination of the three groupings therefore improves the amount 

of variance that is explained for trialling of improved fallows as compared to that obtained 

from Models 1b, 1c, 1d and 1e. The Hosmer-Lemeshow test results (
2
 = 6.075, df = 8, P= 

0.639) indicate that the goodness of fit is satisfactory. The addition of extension factors to 

Model 1e further improved the percentage of correct predictions to 87.4 percent (Table 5.4 

Model 1f). The estimated model correctly classified farmers into those who trialled improved 

fallows (86.2%) and those that did not (84.6%). 
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Table 5.4: Logistic regression estimation for the trialling of improved fallows (C) 

 Model 1f Model 1e 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

gender(1) -0.757 0.065 0.411 0.469 -0.285 0.340 0.299 0.752 

agegroup(1) -1.128 0.221 0.922 0.324 -0.947 0.186 0.717 0.388 

agegroup(2) -0.799 0.404 0.957 0.45 -0.716 0.336 0.743 0.489 

agegroup(3) -0.982 0.33 1.008 0.374 -0.359 0.646 0.782 0.698 

agegroup(4) -0.657 0.527 1.038 0.519 -0.989 0.225 0.815 0.372 

clubmemb(1) 0.479 0.254 0.420 1.614 0.842 0.009 0.323 2.322 

Lstockinc 0.000 0.037 0.000 1.000 0.000 0.133 0.000 1.000 

Treside -0.031 0.696 0.078 0.970 -0.039 0.514 0.060 0.962 

resideAF 0.112 0.651 0.247 1.118 0.209 0.24 0.178 1.233 

Tfarmland 0.128 0.160 0.091 1.137 0.084 0.163 0.060 1.088 

distplt -0.002 0.780 0.008 0.998 -0.003 0.671 0.006 0.997 

Farmexpr 0.024 0.229 0.020 1.024 0.034 0.031 0.016 1.034 

skilIF(1) -3.876 0.002 1.257 0.021 -3.75 0.000 1.077 0.024 

knowIF(1) -22.163 0.994 3131.095 0.000 -21.355 0.995 3415.004 0.000 

seedIF(1) -1.635 0.000 0.425 0.195 -1.659 0.000 0.315 0.190 

intrIF(1) -2.226 0.004 0.769 0.108 -2.242 0.000 0.549 0.106 

hearIF(1) -20.235 0.999 13431.724 0.000         

elseuse(1) 0.176 0.736 0.522 1.193         

farvists(1) 0.295 0.519 0.458 1.343         

farvists(2) 1.437 0.172 1.051 4.207         

farvists(3) 19.117 0.999 22662.776 200596117         

farvists(4) 0.16 0.892 1.17 1.173         

farvists(5) 1.107 0.164 0.795 3.027         

farvistd(1) 0.796 0.202 0.624 2.216         

farvistd(2) 0.205 0.78 0.735 1.228         

farvistd(3) -0.454 0.612 0.895 0.635         

farvistd(4) 0.738 0.421 0.917 2.091         

farvistd(5) -0.217 0.742 0.659 0.805         

Afinfoae(1) 0.823 0.043 0.407 2.278         

Afinfoar(1) 1.195 0.024 0.53 3.302         

Afinfngo(1) 0.251 0.761 0.823 1.285         

Aftraind(1) 3.233 0.000 0.866 25.352         

Aetraind(1) -1.357 0.115 0.86 0.257         

Rstraind(1) -0.210 0.837 1.024 0.811         

Frtraind(1) -0.072 0.953 1.226 0.93         

Constant -0.635 0.555 1.075 0.53 1.002 0.189 0.763 2.724 

Model Chi-square 321.415       229.861       

Model df 35       16       

Model Sig. 0.000       0.000       

-2 Log likelihood 212.336       303.89       

Cox & Snell R Square 0.563       0.447       

Nagelkerke R Square 0.754       0.598       

Hosmer and Lemeshow Chi-square 6.075       9.286       

Hosmer and Lemeshow df 8       8       

Hosmer and Lemeshow Sig. 0.639       0.319       

% correct predictions 87.4       81.7       
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5.3 Adoption of improved fallows 

Adoption of improved fallows was assessed using various independent variables: Non-farm 

income (nfsinco), methods of ploughing used (howploup), land limitation (landIF), lack of 

seed (seedIF), lack of interest ( intrIF), number of visits farmer made to extension (farvists) 

and farmer visited extension (nofarv). The results of the regression are shown in Tables 5.6, 

5.7 and 5.8. The variables that were coded as dummy variables include: nfsinco, howploup 

and farvists. The variable nfsinco was coded as five dummy variables, with noincome as the 

omitted category; howploup was coded as two dummy variables with handhoeing as the 

omitted category, and farvists was coded as five dummy variables with novisit as the omitted 

category. Explanation of the dummy variables will be in reference to the omitted group in 

each category (DeMaris, 1995; Hosmer & Lemeshow, 2000). 

Table 5.5 is the null model for the adoption of improved fallows that shows results with only 

the constant included in the model. As was shown in Table 4.26, 73.6 percent of farmers who 

have trialled improved fallows could be said to have adopted them. The null logistic model 

confirms the result from the descriptive analysis. 

Table 5.5: Logistic regression estimation for the adoption of improved fallows (A) 

 Model 2a 

Parameter B Sig. S.E. Exp(B) 

Constant 1.023 0.000 0.172 2.783 

-2 Log likelihood 200.996       

% correct predictions 73.6       

 

5.3.1 Improved fallows adoption: farm and farmer characteristics 

Two independent variables were tested in a model for farm and farmer characteristic: nfsinco 

and howploup. Table 5.6 (Model 2b) presents the results of this regression. There were three 

dummy variables that were found to be significantly associated with adoption of biomass 

transfer (nfsinco2, nfsinco5 and howploup2). 

The odds ratio for nfsinc2 is 4.5 in relation to the omitted category of no income, implying 

that the odds of adopting improved fallows are about 3.5 times as large for farmers with 

annual non-farm income of between ZMK100,001 and ZMK500,000. In addition the category 

nfsinc5 of income above ZMK1,500,000 was found to be significant with an odds value of 

15.3. This implies that adopting farmers are over 15 times more likely to report that they have 

an annual non-farm income above ZMK1,500,000 compared to those that have no non-farm 
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income. Both nfsinco dummy variables have positive coefficients, meaning that, with 

increased income from non-farm sources, farmers were more likely to be adopting improved 

fallows than if they did not have such income. 

The dummy variable howploup2, which refers to the group that combines hand hoeing with 

ploughing, was found to be associated with adoption of improved fallows, with an odds ratio 

of 0.425 and a negative coefficient (Table 5.6 Model 2b). This result implies that farmers that 

adopt improved fallows were less likely to report that they used a combination of hand hoeing 

and ploughs as methods of cultivation. This is an interesting finding considering that most of 

the smallholder farmers that are involved with improved fallows have been known to use 

hand hoeing as a method of cultivation. It was also reported by some farmers that when 

ploughs are used to cultivate their fields after an agroforestry tree crop, the subsequent 

agricultural crop does not do well. This is attributed to the fact that, in using ploughs to turn 

the soil, most of the top soil containing nutrients and biomass from the tree crops is turned to 

depths that agricultural crops roots would not be able to reach, hence making the nutrients 

unavailable to the crop. This finding would make an interesting research item to check 

whether it influences the rate of increase of sizes of plots that farmers put to agroforestry even 

after they have adopted them. Kabwe (2001) found that most of the farmers in eastern Zambia 

depend on hand cultivation and were therefore not able to cultivate more than half a hectare, 

even without inclusion of agroforestry. Agroforestry plot sizes both among trialling and 

adopting farmers have been reported to be proportionately small (Keil, 2001). 

The model was found to be statistically significant (
2
=25.822, df =7, p=0.001) (Table 5.6). 

This indicates that the model was able to distinguish between farmers who were classified to 

have adopted improved fallows and those who did not. From the percentage of correct 

predictions (Table 5.6 Model 2b) we note that overall, 75.9 percent of the respondents were 

predicted correctly, though only by 2.3 percent more than the prediction using the model with 

constant only (Table 5.5). Cox & Snell R Square (0.138) and Nagelkerke R Square (0.201) 

indicate that approximately 13.8 percent to 20.1 percent variance in adoption of improved 

fallows can be predicted from a combination of these two independent variables. 



 113 

 

Table 5.6: Logistic regression estimation for the adoption of improved fallows (B) 

 Model 2c Model 2b 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

nfsinco(1)         1.077 0.123 0.699 2.937 

nfsinco(2)         1.497 0.012 0.594 4.469 

nfsinco(3)         0.700 0.234 0.588 2.013 

nfsinco(4)         1.470 0.186 1.112 4.349 

nfsinco(5)         2.728 0.011 1.078 15.298 

howploup(1)         0.566 0.330 0.580 1.761 

howploup(2)         -0.857 0.045 0.427 0.425 

landIF(1) -2.588 0.000 0.733 0.075         

seedIF(1) -1.769 0.000 0.424 0.171         

intrIF(1) -3.514 0.002 1.128 0.030         

Constant 1.904 0.000 0.268 6.715 0.647 0.056 0.338 1.909 

Model Chi-square 41.481       25.822       

Model df 3       7       

Model Sig. 0.000       0.001       

-2 Log likelihood 159.516       175.175       

Cox & Snell R Square 0.212       0.138       

Nagelkerke R Square 0.310       0.201       

Hosmer and Lemeshow Chi-square 1.354       1.088       

Hosmer and Lemeshow df 1       7       

Hosmer and Lemeshow Sig. 0.245       0.993       

% correct predictions 79.3       75.9       

 

5.3.2 Improved fallow adoption: external factors 

The model for predicting adoption of improved fallows using external variables had three 

variables: landIF, seedIF and intrIF. They all had negative coefficient signs and all had very 

low odds ratios (Table 5.6 Model 2c). This implies that farmers who have adopted improved 

fallows were not likely to report that they had limited land or that they lacked tree seed and or 

had no interest in improved fallows. 

The model containing the three explanatory variables was found to be statistically significant 

(
2
=41.481, df =3, p=0.000), an indication that the model was able to distinguish between 

farmers who were classified to have adopted improved fallows and those who did not (Table 

5.6 Model 2c). Approximately 21.2 percent (Cox & Snell R Square = 0.212) to 31 percent 

(Nagelkerke R Square = 0.31) variance in adoption of improved fallows can be predicted 

from a combination of the three independent variables. Overall, 79.3 percent of the 

respondents were predicted correctly, an improvement by 5.7 percent from the model that 

contains only the constant (Table 5.5). 
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5.3.3 Improved fallows adoption: extension factors 

Table 5.7 (Model 2d) presents results of the logistic model that contains the extension 

variable farvists. This variable is coded with five dummies and the no visit category is the 

reference category. The coefficients are positive for two categories that were found to be 

statistically significant: farvists1 and farvists5. Examination of the odds ratio also reveals that 

farmers who have adopted improved fallows were 3.7 times more likely to report that they 

have visited extension up to three times in a year as compared to not having visited at all. The 

odds for farmers who have made more than 12 visits are even higher at 5.9 times more than 

for those that have made no visits. This implies that farmers who have adopted improved 

fallows are 5.9 times more likely to report that they have made more than 12 visits to 

extension. 

The model with this explanatory variable was found to be statistically significant (
2
=15.839, 

df =5, p=0.007) (Table 5.7 Model 2d). This indicates that the model was able to distinguish 

between farmers who were classified to have adopted improved fallows and those who did 

not. This model could only explain between 8.7 (Cox & Snell R Square = 0.087) and 12.7 

(Nagelkerke R Square = 0.127) percent of variance in adoption of improved fallows. From the 

percentage of correct prediction, we note that 73.6 percent of the respondents were predicted 

correctly, the same as was predicted by the model with the constant only. 
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Table 5.7: Logistic regression estimation for the adoption of improved fallows (C) 

 Model 2e Model 2d 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

nfsinco(1) 1.079 0.245 0.928 2.942         

nfsinco(2) 1.577 0.024 0.697 4.842         

nfsinco(3) 0.735 0.301 0.710 2.085         

nfsinco(4) 0.836 0.470 1.158 2.308         

nfsinco(5) 2.195 0.050 1.122 8.984         

howploup(1) 0.922 0.197 0.714 2.513         

howploup(2) -1.162 0.025 0.517 0.313         

landIF(1) -2.693 0.001 0.830 0.068         

seedIF(1) -1.789 0.000 0.480 0.167         

intrIF(1) -4.102 0.001 1.231 0.017         

farvists(1)         1.311 0.005 0.463 3.709 

farvists(2)         0.435 0.615 0.865 1.545 

farvists(3)         20.722 0.999 23205.422 998657189 

farvists(4)         0.905 0.427 1.139 2.473 

farvists(5)         1.770 0.022 0.775 5.873 

Constant 1.708 0.000 0.464 5.516 0.481 0.027 0.218 1.618 

Model Chi-square 64.27       15.839       

Model df 10       5       

Model Sig. 0.000       0.007       

-2 Log likelihood 136.727       185.158       

Cox & Snell R Square 0.309       0.087       

Nagelkerke R Square 0.451       0.127       

Hosmer and Lemeshow Chi-square 3.796       0.000       

Hosmer and Lemeshow df 8       2       

Hosmer and Lemeshow Sig. 0.875       1.000       

% correct predictions 83.3       73.6       

 

5.3.4 Overall model for adoption of improved fallows 

Before assessing the logistic regression which combines all three categories of variables of 

farmer characteristic (A), external factors (B) and extension factors (C), a model that only 

combined A and B groups was tested. The results obtained were not different from those 

obtained when individual groupings were assessed (Table 5.6 Model 2b and Model 2c and 

Table 5.7 Model 2d) in that the significant variables are similar from individual groupings and 

the combined model (Model 2e). 

However the combination of the grouping improved the correct prediction to 83.3 percent 

(Table 5.7, Model 2e), which is nearly 10 percent greater than the original prediction in the 

model with the constant only (Table 5.5). In addition, the amount of explained variability also 

increases to the range of 30.9 percent (Cox & Snell R Square = 0.309) to 45.1 percent 

(Nagelkerke R Square = 0.451). Use of this combination could therefore be better than using 

either of groups A and B separately. 
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Table 5.8 shows variables that were included in the overall model to assess the adoption of 

improved fallows. These include all variables from groups A (Table 5.6 Model 2b), B (Table 

5.6 Model 2c), and C (Table 5.7 Model 2d). The variables in Table 5.8 (Model 1f) are non-

farm income (nfsinco), method of ploughing used (howploup), land limitation (landIF), lack 

of seed (seedIF), lack of interest (intrIF), the frequency of visits by farmers to extension 

(farvists). In Table 5.8 (Model 21g), the variable farmer visited extension (nofarv) substitutes 

variable farvists. Variables nfsinco, howploup and farvists are recoded into 5, 2 and 5 dummy 

variables respectively. 

The model containing the six explanatory variables was found to be statistically significant 

(
2
=74.781, df =15, p=0.000) (Table 5.8 Model 2f). This indicates that the model was able to 

distinguish between farmers who were classified to have adopted improved fallows and those 

who did not. Cox & Snell R Square (0.349) and Nagelkerke R Square (0.510) indicate that 

approximately 34.9 percent and 51 percent variance in adoption of improved fallows can be 

predicted from a combination of the six independent variables. From the percentage of correct 

prediction in Table 5.8 (Model 2f), we note that overall, 83.9 percent of the respondents were 

predicted correctly, which is an improvement from the classification done before the 

predictors were included in the model. The initial correct prediction showed that 73.6 percent 

of farmers were predicted correctly to belong to the group that adopted improved fallows. 

The variables that significantly contribute to the predictive ability of the adoption of improved 

fallows model are shown in Table 5.8 (Model 2f). From this analysis, the variables 

influencing whether a farmer reports as having adopted improved fallows include: limited 

land, lack of seed and lack of interest, visiting the extension officer between 1 to 3 times in a 

year, visiting the extension officer for more than 12 times in a year, and cultivation of fields 

using a combination of hand hoeing and ploughing. The strongest predictor of improved 

fallow continuance was the dummy farvists5 (farmers visited extension more than 12 times a 

year), which recorded an odds ratio of 8.348. The reference group for this dummy variable 

was novisits i.e. farmers that had never visited extension. This result indicates that farmers 

who adopted improved fallows were over 8.3 times more likely than those who had not to 

report that they had visited the extension officer more than 12 times in a year. On the other 

hand, farmers that adopted improved fallows were also 4.3 times more likely than those who 

had not to report they have visited the extension up to three visits per year. 

In the case of the association between non-farm income and adoption of improved fallows, the 

groups that reported income between ZMK100,001 and ZMK500,000 and also over 

ZMK1,500,000 were found to be statistically associated with adoption of improved fallows. 
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Their odds ratios were 5.6 and 7.7 respectively. This result suggests that the odds of adopting 

improved fallows are more than 5.6 times greater for farmers with non-farm income in the 

range of ZMK100,000 and ZMK500,000, and 7.8 times greater for farmers with non-farm 

income of more than ZMK1,500,000 than those without non-farm income at all. The group 

without non-farm income were a reference group for this variable. Other income groups were 

not found to be statistically significantly different from the reference group. 

The odds ratio of 0.222 for a combination of hand hoeing and ploughs to cultivate their fields 

was less than 1, indicating that farmers who adopted improved fallows were less likely to 

report that they used a combination of hand hoeing and ploughs to cultivate their fields. 

Other predictors that were found to influence adoption of improved fallows were limited land, 

lack of seed, and lack of interest. The odds ratios presented in Table 5.8 (Model 2f) for these 

variables are less than 1, which suggests that the odds of adopting improved fallows are less 

for farmers who own less land, and lack tree seeds and also in farmers who lack interest. 

Table 5.8 (Model 2g) that substituted „farvists‟ with „novisit‟ renders the „nfsinco‟ variable 

insignificant but generally shows that extension visits made by farmers to the extension were 

necessary for the adoption of improved fallows. This particular variable indicates that farmers 

who adopted improved fallows were likely to report that they had visited extension at least 

once in the course of the year. The range of variance explained by this model is similar to that 

in Table 5.8 (Model 2f) and also the percentage of correct prediction is nearly the same. It 

would not matter therefore which of the two variables is used except Model 2f takes into 

account the number of visits made in a year. 
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Table 5.8: Logistic regression estimation for the adoption of improved fallows (D) 

 Model 2f Model 2g 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

nfsinco(1) 1.081 0.234 0.909 2.949 1.134 0.212 0.908 3.11 

nfsinco(2) 1.721 0.023 0.755 5.591 1.603 0.032 0.748 4.967 

nfsinco(3) 0.767 0.315 0.763 2.153 0.807 0.28 0.747 2.241 

nfsinco(4) 0.352 0.776 1.241 1.422 0.493 0.687 1.224 1.637 

nfsinco(5) 2.051 0.084 1.188 7.773 1.766 0.119 1.132 5.85 

howploup(1) 0.624 0.412 0.760 1.866 0.662 0.366 0.733 1.939 

howploup(2) -1.506 0.007 0.561 0.222 -1.386 0.012 0.550 0.25 

landIF(1) -2.491 0.003 0.840 0.083 -2.439 0.004 0.857 0.087 

seedIF(1) -1.63 0.001 0.503 0.196 -1.672 0.001 0.499 0.188 

intrIF(1) -4.734 0.000 1.345 0.009 -4.636 0.000 1.301 0.01 

farvists(1) 1.464 0.025 0.655 4.322         

farvists(2) 0.439 0.651 0.972 1.552         

farvists(3) 18.865 0.999 22687.59 155882993         

farvists(4) 0.226 0.856 1.245 1.254         

farvists(5) 2.122 0.026 0.951 8.348         

nofarv         -1.352 0.007 0.504 0.259 

Constant 1.317 0.007 0.485 3.734 2.636 0.000 0.614 13.953 

Model Chi-square 74.781       72.138       

Model df 15       11       

Model Sig. 0.000       0.000       

-2 Log likelihood 126.215       128.859       

Cox & Snell R Square 0.349       0.339       

Nagelkerke R Square 0.510       0.495       

Hosmer and Lemeshow Chi-square 1.868       5.577       

Hosmer and Lemeshow df 7       8       

Hosmer and Lemeshow Sig. 0.967       0.695       

% correct predictions 83.9       84.5       

 

5.4 Trialling of biomass transfer 

Biomass transfer technology is the other common agroforestry technology tested within the 

study area. In contrast to improved fallows, only 21.4 percent of the total sample had trialled 

biomass transfer (Table 4.26). It is worth noting that not all farmers in the study area owned 

gardens. This study established that 285 (73.5%) of the sampled farmers had gardens. 

Therefore, the proportion of farmers who had trialled biomass transfer among farmers and 

who owned gardens was 34.8 percent. In both cases however, i.e. among the total sample as 

well as among those that own gardens, the proportion of farmers who have trialled biomass 

transfer is low. The analysis for trialling of biomass transfer however was done based on the 

total sample since the interest was to establish the proportions of farmers that had trialled 

within the sample. 
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Recall from Section 3.7.3 that chi-square tests of independence were used to assess each 

individual variable‟s significance for inclusion in the logistic model. Direct logistic regression 

was then performed to assess the impact of independent variables on the likelihood that 

respondents would report that they had trialled biomass transfer. Sections 5.4.1, 5.4.2, 5.4.3 

and 5.4.4 present the finding of the logistic regressions. 

5.4.1 Biomass transfer trialling: farm and farmer attributes 

In this category, there were only two variables that were individually found to be statistically 

significantly associated with trialling of biomass transfer: club membership (clubmemb) and 

owning of a garden (owngardn). In addition, when these variables were considered 

individually in a logistic model, they were also found to be statistically significant in 

predicting trialling of biomass transfer. Both variables were also found to be statistically 

significant (Table 5.9 Model 3b). The odds ratio for clubmemb of 2.714 indicates that farmers 

who trialled biomass transfer were more than twice as likely to report that they belonged to a 

farmers club. 

Garden ownership (owngardn) was the highest predictor in the category, with an odds ratio of 

17.6. This finding makes practical sense in that the odds of reporting having trialled biomass 

transfer become 17.6 times as large for farmers who own a garden than for those that do not. 

The model containing these independent variables was statistically significant (χ
2
 = 53.937, df 

=2, p=0.000). This indicates that the model was able to distinguish between respondents who 

trialled and those that did not trial biomass transfer. The model also explained between 13 

percent (Cox & Snell R square = 0.13) and 20.1 percent (Nagelkerke R square = 0.201) of the 

variance in trialling of biomass transfer and correctly classified 78.6 percent of the cases 

(Table 5.9 Model 3b). The classification success however does not improve from that 

obtained when only the constant is included in the model (Table 5.9 Model 3a). 
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Table 5.9: Logistic regresstion estimation for the trialling of biomass transfer (A) 

 Model 3b Model 3a 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

clubmemb(1) 0.999 0.002 0.318 2.714         

owngardn(1) 2.868 0.000 0.728 17.593         

Constant -4.523 0.000 0.750 0.011 -1.301 0.000 0.124 0.272 

Model Chi-square 53.937               

Model df 2               

Model Sig. 0.000               

-2 Log likelihood 348.885       402.822       

Cox & Snell R Square 0.130               

Nagelkerke R Square 0.201               

Hosmer and Lemeshow Chi-square 0.842               

Hosmer and Lemeshow df 2               

Hosmer and Lemeshow Sig. 0.656               

% correct predictions 78.6       78.6       

 

5.4.2 Biomass transfer trialling: external factors 

The second model included three predictor variables: lack of knowledge, lack of seed and lack 

of awareness. All three variables were found to be individually significant predictors of 

trialling biomass transfer (Table 5.10 Model 3c). When all three predictors are considered 

together, they predict whether a farmer trialled biomass transfer or not (χ
2
 =100.37, df = 3, 

p=0.000), indicating that the model was able to distinguish between respondents who reported 

they trialled biomass transfer and those that did not. The model was also able to explain 

between 22.8 percent (Cox & Snell R square = 0.228) and 35.3 percent (Nagelkerke R square 

= 0.353) of variance in the trialling status. 

The odds ratios suggest that the odds of trialling biomass transfer are lower when there is lack 

of knowledge, lack of seed and lack of awareness about biomass transfer. All three odds ratios 

were less than 1, indicating a negative influence of the predictor variables on trialling of 

biomass transfer. Nearly 79 percent of farmers have been correctly classified (Table 5.10). 
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Table 5.10: Logistic regression estimation for the trialling biomass transfer (B) 

 Model 3d Model 3c 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

knowBT(1)         -2.464 0.000 0.423 0.085 

seedBT(1)         -2.083 0.000 0.405 0.125 

hearBT(1)         -20.981 0.997 6351.558 0.000 

heardAF(1) 18.223 0.998 7492.642 82028513     

farvists(1) 1.085 0.001 0.340 2.96         

farvists(2) 0.502 0.51 0.762 1.652         

farvists(3) 0.045 0.972 1.286 1.046         

farvists(4) 0.928 0.334 0.960 2.529         

farvists(5) 1.769 0.000 0.497 5.863         

farvistd(1) 1.135 0.107 0.705 3.112         

farvistd(2) 1.002 0.182 0.750 2.723         

farvistd(3) 1.076 0.239 0.913 2.932         

farvistd(4) 2.213 0.011 0.869 9.141         

farvistd(5) 1.011 0.159 0.718 2.748         

Afinfoae(1) -0.143 0.648 0.313 0.867         

Afinforp(1) 1.078 0.001 0.316 2.939         

Aftraind(1) 1.301 0.007 0.482 3.672         

Aetraind(1) 0.146 0.736 0.434 1.158         

Rstraind(1) 0.996 0.035 0.472 2.708         

Constant -22.399 0.998 7492.642 0.000 -0.116 0.485 0.166 0.891 

Model Chi-square 101.614       100.366       

Model df 16       3       

Model Sig. 0.000       0.000       

-2 Log likelihood 301.208       302.456       

Cox & Snell R Square 0.230       0.228       

Nagelkerke R Square 0.357       0.353       

Hosmer and Lemeshow Chi-square 5.502       1.723       

Hosmer and Lemeshow df 8       3       

Hosmer and Lemeshow Sig. 0.703       0.632       

% correct predictions 79.6       78.6       

 

5.4.3 Biomass transfer trialling: extension factors 

The model contained eight independent variables. These are shown in Table 5.10 (Model 3d) 

and include awareness of biomass transfer (heardAF), number of times farmer has visited 

extension (farvists – recoded as five dummy variables), number of times extension has visited 

farmer (farvistd – recoded as five dummy variables), initial information source was 

agriculture extension (Afinfoae), initial agroforestry information source being radio program 

(Afinforp), trained in use of agroforestry (Aftraind), trained by agriculture extension staff 

(Aetraind) and trained by researchers (Rstraind). Both farvists and farvistd have the novisit 

category as the omitted variable and this is the category that is used as a reference category in 

the interpretation. 
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Logistic regression was then conducted to assess whether these variables could significantly 

predict whether a farmer trialled biomass transfer or not. Results of the logistic regression are 

presented in Table 5.10 (Model 3d). The full model containing extension predictors was 

statistically significant (
2
 = 101.614, df =16, p=0.000). This indicates that the model was 

able to distinguish between farmers who reported they trialled biomass transfer and those that 

did not. The model explained 23.9 percent (Cox & Snell R squared = 0.23) and 35.7 percent 

(Nagelkerke R squared = 0.357) of the variance in trialling of biomass transfer and was able 

to correctly classify 79.4 percent of the cases (Table 5.10 Model 3d). The chi-square value for 

the Hosmer and Lemeshow goodness–of-fit test is 9.461 with a significance level of 0.305, a 

value above 0.05, which according to Pallant (2007) indicates that the model is a good fit of 

the data. 

It can be seen from Table 5.10 Model 3d that not all variables were found to be significant at 

predicting trialling of biomass transfer. Variables that predict trialling of biomass transfer 

were: visiting extension 1 to 3 times in a year (farvists1), visiting extension more than 12 

times in a year (farvists5), being visited by extension 10 to 12 times in a year (farvistd4), 

initial information source being the radio program (Afinforp), having been trained in 

agroforestry (Aftraind) and lastly having been trained by researchers (Rstraind). 

The highest predictor of the significant variables is farvistd4 which had an odds ratio of 

9.141. This implies that farmers that have trialled biomass transfer are 9.1 times more likely 

to report that they have been visited by extension at least 12 times a year, whereas those that 

have not trialled are likely to report no visits by extension. The coefficient is positive, which 

shows the positive association between this variable and the trialling of biomass transfer. 

5.4.4 Overall model for trialling biomass transfer 

Further analyses were conducted by combining independent variables from Model 3b (Table 

5.9) and Models 3c and 3d (Table 5.10). Table 5.11 (Models 3e and 3f) shows the results of 

the logistic regression. Model 3e combines farmers and farm characteristics with external 

factors (Model 3c) whereas Model 3f combines three sets of combinations of Model 3b, 

Model 3c and Model 3d. Model 3e is described first. 

There were five variables included in the model to assess the effects of these variables of 

trialling of biomass transfer. The log-likelihood ratio (-2LL) test shows that including this set 

of data in the model fit the data better as compared to the model containing the constant only. 

This suggests that the variables contribute significantly as a group to the explanation of the 

behaviour of farmers toward trialling biomass transfer. The R
2
 values indicate that this 
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combination of variables in the model were able to explain between 34.5 (Cox & Snell R 

square = 0.345) and 53.5 (Nagelkerke R square = 0.535) percent of variance in trialling of 

biomass transfer. The percentage of farmers that were correctly predicted was 88.1 percent, 

suggesting that the estimated trialling model had very good explanatory power. All the 

variables had expected signs, similar to those obtained in Models 3b and 3c. One variable was 

however not significant (hearIF). 

Owning a garden (owngarden) was the highest predictor of trialling biomass transfer, 

implying that if one did not own a garden, chances are they would not even think of trialling 

biomass transfer. The odds ratio of 35.7 suggests that farmers that trial biomass transfer were 

highly likely to report that they owned a garden. The coefficient is also positive, implying that 

there is a positive association between trialling of biomass transfer and owning a garden. 

Addition of extension factors to model 3e showed a further improvement of the -2LL (180.8) 

to that of the model with the constant only as well as an increase in the explanatory power of 

the model (Table 5.11, Model 3f). This model correctly predicted 90.2 percent of farmers, 

which is an increase by nearly 12 percent from the original prediction of 78.6 percent. The 

model was statistically significant, (
2
 = 222.05, df = 20, p= 0.000), indicating that the model 

was able to distinguish between respondents who trialled biomass transfer and those who did 

not. The model as a whole explained 43.6 percent (Cox & Snell R square = 0.436) and 67.5 

percent (Nagelkerke R squared = 0.675) in the variance in trialling of biomass transfer. 

From Table 5.11, it can be seen that eight independent variables contributed significantly to 

the model. Apart from the variables of lack of knowledge (knowBT) and lack of seed 

(seedBT) that had negative relationships with trialling of biomass transfer, the other 

significant variables were positively related with trialling of biomass transfer. The predictor 

variable that shows the extension officer visited farmers between 10 and 12 times in a year 

(farvistd4) was strongest with an odds ratio of 8.6. Other variables found to be statistically 

significant include: farvistd3 with odds ratio of 8.1; that of receiving agroforestry information 

through the radio (Afinforp), which had an odds ratio of 6.1. Three variables namely farmer 

visits to extension of between one and three times a year (farvists1) and farmers visiting 

extension for more than 12 times in a year (farvists5) had odds ratios 2.5 and 3.8 respectively. 

This implies that farmers who trialled biomass transfer were more than two times as likely to 

report that they had visited extension between one and three times a year compared to those 

that had not visited; and also more than three times as likely to report visits of at least once a 

month. The odds ratios for lack of knowledge and lack of seed were both below one, implying 

that farmers that trialled biomass transfer were less likely to report that they lacked 
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knowledge and tree seed. Note that club membership (clubmemb), having been trained in 

agroforestry practices (Aftraind) and having been trained by the researchers (Rstraind), 

variables that were significant predictors in Models 3b, 3c and 3d have become insignificant 

in this interaction, though the coefficient signs are consistent as before. 

Table 5.11: Logistic regression estimation for the trialling of biomass transfer (C) 

 Model 3f Model 3e 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

clubmemb(1) 0.561 0.25 0.488 1.752 1.021 0.008 0.384 2.776 

owngardn(1) 4.453 0.000 0.901 85.865 3.574 0.000 0.752 35.667 

knowBT(1) -3.116 0.000 0.586 0.044 -2.701 0.000 0.449 0.067 

seedBT(1) -3.025 0.000 0.502 0.049 -2.671 0.000 0.434 0.069 

hearBT(1) -20.756 0.997 5552.228 0.000 -21.029 0.997 5859.317 0.000 

farvists(1) 0.934 0.047 0.47 2.545         

farvists(2) -0.889 0.348 0.948 0.411         

farvists(3) -0.818 0.685 2.015 0.441         

farvists(4) 0.806 0.611 1.585 2.239         

farvists(5) 1.330 0.044 0.659 3.78         

farvistd(1) 1.093 0.236 0.922 2.982         

farvistd(2) 1.586 0.114 1.004 4.882         

farvistd(3) 2.089 0.085 1.212 8.074         

farvistd(4) 2.154 0.069 1.184 8.621         

farvistd(5) 1.337 0.161 0.953 3.808         

Afinfoae(1) 0.479 0.250 0.417 1.615         

Afinforp(1) 1.802 0.000 0.476 6.063         

Aftraind(1) 0.666 0.311 0.657 1.947         

Aetraind(1) 0.614 0.314 0.610 1.847         

Rstraind(1) 1.068 0.104 0.657 2.909         

Constant -7.432 0.000 1.321 0.001 -3.743 0.000 0.784 0.024 

Model Chi-square 222.049       164.38       

Model df 20       5       

Model Sig. 0.000       0.000       

-2 Log likelihood 180.774       238.442       

Cox & Snell R Square 0.436       0.345       

Nagelkerke R Square 0.675       0.535       

Hosmer and Lemeshow Chi-square 12.947       7.689       

Hosmer and Lemeshow df 8       7       

Hosmer and Lemeshow Sig. 0.114       0.361       

% correct predictions 90.2       88.1       
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5.5 Adoption of biomass transfer 

As was stated earlier in Table 4.26, only 21.4 percent of the total sample had trialled biomass 

transfer. The n for adoption of biomass transfer logistic regression analysis here is based on 

the 21.4 percent (n = 83) of the sample that had trialled biomass transfer. 

Assessing adoption of biomass transfer used four variables: household yearly income 

(yrlyinco), lack of tree seed (seedBT), lack of interest (intrBT) and number of extension visits 

to farmer (farvistd). Both yrlyinco and farvistd were coded as dummy variables. Yrlyinco had 

4 dummy variables and noincome category was the omitted variable, whereas farvistd had 5 

dummy variables and novisits was the omitted category. The omitted category is used as a 

reference category in the interpretation of odds ratios. In Model 4f, a variable noextnv is used 

instead of farvistd. This variable was coded as a dichotomous variable (1 = novists, 0 = 

extension visits). The results of the assessment of adoption are presented in Sections 5.5.1, 

5.5.2, 5.5.3 and 5.5.4. 

Table 5.12 (Model 4a) is the null model for adoption of biomass transfer. It shows the log-

likelihood of 56.98 and the correct prediction of farmers that had adopted biomass transfer as 

89.2 percent. This percentage confirms that which is obtained through descriptive analysis 

(Table 4.26). Logistic models that include variables will be compared with the log-likelihoods 

and the correct percentage predictions of the null model (Model 4a) to evaluate whether the 

variables add value to the model with the constant only. 

Table 5.12: Logistic regression estimation for the adoption of biomass transfer (A) 

 Model 4a 

Parameter B Sig. S.E. Exp(B) 

Constant 2.107 0.000 0.353 8.222 

-2 Log likelihood 56.976       

% correct predictions 89.2       

 

5.5.1 Biomass transfer adoption: farm and farmer characteristics 

Table 5.13 (Model 4a) contained one variable yrlyinco. Analysis of this model shows that 

annual household incomes above ZMK100,000 were significantly associated with adoption of 

biomass transfer. The dummy variable of less than ZMK100,001 was not found to be 

significant. These results imply that farmers who have adopted biomass transfer were likely to 

report annual household income levels above ZMK100,000. Dummy variables yrlyinco2, 

Yrlyinco3 and Yrlyinco4 all had positive coefficients, indicating a positive relationship 

between them and adoption of biomass transfer. The odds ratios of 17, 9 and 21.3 respectively 



 126 

were obtained, which means that households with income levels above ZMK100,000 were 

highly likely to be in the adopting category. 

These dummy variables account for 10.8 (Cox and Snell R squared = 0.108) to 21.7 

(Nagelkerke R squared =0.217) percent of variance in adoption among the sample population. 

The percentage of correct prediction is 90.4 percent, a slight improvement from that in the 

model with a constant only. 

Table 5.13: Logistic regression estimation for the adoption of biomass transfer (B) 

 Model 4c Model 4b 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

yrlyinco(1)         21.896 0.998 10377.78 3.231E+09 

yrlyinco(2)         2.833 0.048 1.435 17 

yrlyinco(3)         2.197 0.130 1.453 9 

yrlyinco(4)         3.060 0.025 1.365 21.333 

seedBT(1) -2.308 0.001 0.893 0.100         

intrBT(1) -2.818 0.012 1.125 0.060         

Constant 2.818 0.000 0.515 16.75 -0.693 0.571 1.225 0.5 

Model Chi-square 10.064       9.463       

Model df 2       4       

Model Sig. 0.007       0.051       

-2 Log likelihood 46.912       47.513       

Cox & Snell R Square 0.114       0.108       

Nagelkerke R Square 0.230       0.217       

Hosmer and Lemeshow Chi-square 0.000       0.000       

Hosmer and Lemeshow df 0       3       

Hosmer and Lemeshow Sig. .       1.000       

% correct predictions 89.2       90.4       

 

5.5.2 Biomass transfer adoption: external factors 

Two variables were tested here: lack of tree seed (seedBT) and lack of interest (intrBT). Both 

of these variables are significant, and have negative coefficients (Table 5.13, Model 4c). The 

odds ratio in both cases is below one, implying that farmers who have adopted biomass 

transfer were less likely to report lack of seed or lack of interest as factors that would prevent 

them from adopting biomass transfer. This is consistent with the hypothesis that farmers who 

do not adopt biomass transfer are more likely to report lack of seed and lack of interest as 

reasons for not doing so. 

Inclusion of these factors in the model accounted for a range of 11.4 (Cox & Snell = 0.114) to 

23 (Nagelkerke R squared = 0.23) percent of variance. There was however no improvement in 

the percentage of correct prediction to that in the model with the constant only. 
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5.5.3 Biomass transfer adoption: extension factors 

Table 5.14 (Model 4d) presents results of the logistic regression with extension variables. 

Farvsitd was regressed on the dependent variable, adoptBT. Farvistd was coded as 5 dummy 

variables with the novisit category as a reference category. None of the extension dummies 

tested was found to be statistically significant in assessing the adoption of biomass transfer. 

Table 5.14: Logistic regression estimation for the adoption of biomass transfer (C) 

 Model 4e Model 4d 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

yrlyinco(1) 23.296 0.998 9288.541 1.31E+10         

yrlyinco(2) 3.253 0.030 1.499 25.875         

yrlyinco(3) 3.892 0.032 1.820 48.997         

yrlyinco(4) 4.976 0.005 1.786 144.926         

seedBT(1) -3.448 0.008 1.299 0.032         

intrBT(1) -4.283 0.009 1.640 0.014         

farvistd(1)         -19.006 0.999 23205.42 0 

farvistd(2)         -19.904 0.999 23205.42 0 

farvistd(3)         -21.608 0.999 23205.42 0 

farvistd(4)         0 1 27210.768 1 

farvistd(5)         -17.737 0.999 23205.42 0 

Constant -0.693 0.571 1.225 0.5 21.203 0.999 23205.42 1.615E+09 

Model Chi-square 23.723       13.732       

Model df 6       5       

Model Sig. 0.001       0.017       

-2 Log likelihood 33.253       43.244       

Cox & Snell R Square 0.249       0.152       

Nagelkerke R Square 0.501       0.307       

Hosmer and Lemeshow Chi-square 2.234       0.000       

Hosmer and Lemeshow df 5       3       

Hosmer and Lemeshow Sig. 0.816       1.000       

% correct predictions 90.4       90.4       

 

5.5.4 Overall model for adoption of biomass transfer 

In order to assess the interactive effect of variables from Model 4b, Model 4c and Model 4d, a 

set of three logistic models were developed. These are reported in Table 5.14 (Model 4e) and 

Table 5.15 (Model 4f and Model 4g). Model 4e combines Model 4b and Model 4c. Model 4f 

adds extension dummy variables to Model 4e, whereas Model 4g is similar to model 4f except 

that the variable farvistd is substituted with noextnv, a variable coded as a dichotomous 

variable. 

Accounting for lack of seed and lack of interest in Model 4e, while holding yrlyinco dummy 

variables constant, does improve the explanatory power of the model. The -2LL improved to 

33.3. The Omnibus test of model coefficients is significant (
2
 = 23.733, df = 6, p=0.001), 

which means that the model was able to distinguish between farmers who were classified as 
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adopters of biomass transfer and those that were not. The combination of these variables 

explained variability in adoption of biomass transfer of between 24.9 (Cox & Snell = 0.249) 

and 50.1 (Nagelkerke R squared = 0.501) percent. Equally, the Hosmer and Lemeshow test 

was not significant (p=.816) which according to Pallant (2007) implies support for the model. 

The model also correctly classified 90.4 percent of the farmers. 

However, when all these variables from Models 4b, 4c and 4d were included and assessed in 

the regression model, none of them were found to be statistically significant (Table 5.15, 

Model 4f). A conclusion about the factors that influence adoption of biomass transfer cannot 

be drawn based on this model. 

In Model 4g, variable noextnv is included as substitute of the five dummy variables that 

represented extension in Model 4f. The variables yrlyinco2, yrlyinco3, yrlyinco4, seedBT, 

intrBT and noextnv were significant and their coefficient signs remained consistent with those 

in earlier Models 4b, 4c and 4d. The -2LL improved from 56.98 for that of the model with the 

constant only to 33.07. The Omnibus test of model coefficients is significant (
2
 = 23.733, df 

= 7, p=0.001), indicating that the model was able to distinguish between adopters of biomass 

transfer and those that were not. The combination of these variables explained variability in 

adoption of biomass transfer of between 25 (Cox & Snell = .25) and 50.4 (Nagelkerke R 

squared = .504) percent. Equally, the Hosmer and Lemeshow test was not significant 

(p=.825). The model also correctly classified 90.4 percent of the farmers. 

The results from Model 4g do not significantly differ from those obtained in Model 4e, which 

suggests that adoption of biomass transfer could be explained without use of extension 

factors. It appears that annual household income, availability of agroforestry tree seeds and 

interest among farmers does influence adoption of biomass transfer. For example, the odds 

ratios of 24.4, 47.95 and 140.2 with incomes of yrlyinco2, yrlyinco3 and yrlyinco4 

respectively, were obtained (Table 5.15 Model 4g). The adopting farmers are more than 24 

times likely to report a higher income bracket of greater than ZMK100,000. It would therefore 

be expected that most of the farmers that have not adopted biomass transfer would report that 

they have no annual income. Lack of seed and lack of interest have negative signs and odds 

ratios below 1, implying that adopting farmers were less likely to report that they would be 

influenced by lack of tree seed and lack of interest in their decisions to adopt biomass transfer. 
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Table 5.15: Logistic regression estimation for the adoption of biomass transfer (D) 

 Model 4f Model 4g 

Parameter B Sig. S.E. Exp(B) B Sig. S.E. Exp(B) 

yrlyinco(1) 20.321 0.998 8705.206 669126989 23.245 0.998 9232.25 1.245E+10 

yrlyinco(2) 0.445 0.827 2.038 1.561 3.196 0.033 1.501 24.438 

yrlyinco(3) -0.076 0.973 2.241 0.926 3.870 0.033 1.815 47.954 

yrlyinco(4) 2.925 0.130 1.933 18.634 4.943 0.006 1.786 140.24 

seedBT(1) -2.453 0.134 1.637 0.086 -3.418 0.008 1.298 0.033 

intrBT(1) -22.935 0.998 9026.10 0.000 -4.250 0.010 1.640 0.014 

farvistd(1) 0.496 1.000 22615.9 1.642     

farvistd(2) -18.948 0.999 20736.6 0.000         

farvistd(3) -21.024 0.999 20736.6 0.000         

farvistd(4) -0.268 1.000 24349.2 0.765         

farvistd(5) -16.207 0.999 20736.6 0.000         

noextnv         17.56 0.999 20973.62 42273504 

Constant 19.514 0.999 20736.6 298551497 -0.693 0.571 1.225 0.5 

Model Chi-square 31.568       23.904       

df 11       7       

Sig. 0.001       0.001       

-2 Log likelihood 25.408       33.072       

Cox & Snell R Square 0.316       0.250       

Nagelkerke R Square 0.637       0.504       

Hosmer and Lemeshow Test                 

Chi-square 1.037       2.171       

df 7       5       

Sig. 0.994       0.825       

% correct predictions 94       90.4       

 

5.6 Results of extension approaches using ANOVA for assessment 

This section presents results of different extension agents and approaches that were used to 

reach farmers with agroforestry and agricultural technologies. Farmers were classified into 

three classes: never trialled; discontinued; and adopted. Farmers classified as „never trialled‟ 

are those that have never attempted to introduce agroforestry technologies on their farms; 

„discontinued‟ refers to farmers that trialled and then for different reasons, decided to stop use 

of the technology; while those that have „adopted‟ are farmers that have continued with the 

practice of the technology after experiencing benefits. 

5.6.1 Extension approaches 

Various extension approaches have been used to disseminate agroforestry among smallholder 

farmers. Figure 5-1 shows different extension approaches available to farmers in the study 

area. Respondents‟ assessments are based on a five-point scale ranging from 1 meaning 

„never‟, 2 „rarely‟, 3 „sometimes‟, 4 „often‟ to 5 „always‟. This point scale represents the 

extent to which farmers indicated how they were influenced by different extension 

approaches. 
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The ranking response to the different extension approaches were highly significant (P<0.001). 

It was observed from the field survey that „peer pressure‟ and „seeing a neighbour do it‟ were 

considered by farmers to be the most highly significant  extension approaches to helping them 

with deciding to use new technologies. The usefulness of „participating in agricultural 

training‟, „if someone comes to give me advice‟, „emphasis by local extension agent‟ and 

„attending a field day‟ were also not significantly different from each other although 

significantly lower than the „peer pressure‟ and „seeing a neighbour do it‟ extension 

approaches. The „village demonstration plots‟ extension approach was also significantly 

different from „participation in an exchange visit/tour‟ and „incentives provided by promoting 

agents‟ extension approaches, the two of which did not show significant differences in their 

ratings. The least significant extension approach was „visiting the research station‟. 

 

Figure 5-1: Extension approaches influencing use of new agricultural technologies (bars 

represents standard errors of the means according to Bonferroni test, LSD = 0.1814) 

 

The overall average ratings of extension approaches by farmers adopting improved fallows 

are shown in Figure 5-2a. The scoring by farmers who had adopted improved fallows did not 

statistically differ (P>0.05) from that by farmers who had discontinued with use of improved 

fallows. However the scoring by the group that has never trialled improved fallows differed 

significantly (P<0.001) from that of both farmers who had adopted and those that had 

discontinued improved fallows. 

The average scoring of extension approaches by farmers who adopted biomass transfers was 

higher than that by farmers who discontinued and those that never trialled biomass transfer 
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(Figure 5-2b). The adopted group was significantly different from the groups that 

discontinued and never trialled. However, farmers that discontinued biomass transfer did not 

significantly differ from those that had never trialled in their average ratings of extension 

approaches. 

Figure 5-2c presents the ratings of extension agents by different adoption categories of 

farmers of improved fallows. The three groups significantly differed from each other. The 

average ratings by adopting farmers were higher than that of both the group that discontinued 

and that which has never trialled. The least rating was by the group that has never trialled. 

These ratings imply that on average, adopting farmers scored most of the extension agents as 

using them „sometimes‟ as compared to discontinuing farmers and those that have never 

trialled who scored most of them as „rarely‟ used. 

 
 

Figure 5-2: Mean score ratings of extension approaches and agents by adopters of 

improved fallows and biomass transfers 
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The average scores of extension agents given by the different categories of adopting farmers 

are shown in Figure 5-2d. The average scoring by adopting farmers (adopted) of biomass 

transfers did not significantly differ from that by farmers that had discontinued with biomass 

transfer. There was also no significant difference in average scoring between farmers that 

discontinued and those that never trialled. However, average scoring by those farmers that 

have adopted was significantly different from those that never trialled. 

5.7 Summary of key results 

This chapter presented results of the logistic regression analysis as well as the mean scores for 

the extension approaches. An examination of the relationship between trialling and adoption 

of improved fallows and biomass transfer, and selected explanatory variables revealed that 

both trialling and adoption of agroforestry technologies are influenced by different factors and 

at different levels of significance for different factors. Table 5.16 summarises these factors. 

Lack of seed has been found to influence both stages and has therefore been found to be 

crucial to both trialling and adoption of agroforestry technologies. The next most important 

factor is lack of interest. Other factors were found to be influential but only to certain stages. 

The following chapter will discuss these findings and examine the implications of the results 

if trialling and adoption is to be improved. 
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Table 5.16: Summary of factors that were found to significantly influence trialling and 

adoption of  agroforestry technologies 

Variable name Description of variable 

IF 

trial 

IF 

adopt 

BT 

trial 

BT 

adopt 

Farmer characteristics           

Gender Gender -x-       

clubmemb Club membership +x   +x   

Tfarmland Total farmland +x       

Owngarden Owns a garden   +x+  

Farmexpr Farming experience +x       

100001+ None farm income 100001 to 500000   +x+     

1500001+ None farm income more than 1500000   +x+     

Hoeploup(2) Hoe and plough method   -x-     

Lstockinc Income from livestock sales x    

Yrlyincom2 Yearly income 500001 to 1000000       +x+ 

Yrlyincom3 Yearly income 1000001 to 1500000       + 

Yrlyincom4 Yearly income above 1500000        +x+ 

External factors           

Land Limited land   -x-     

Skill Lack skill -x-       

Seed Lack seed -x- -x- -x- -x- 

Interest Lack interest -x- -x-   -x- 

Know Lack knowledge     -x-   

Extension factors           

farvists1 1-3 farmer visits   +x+ +x+   

Farvist5 12+ farmer visits   +x+ +x+   

Farvistd4 10-12 extension visits     +x+   

Farvistd5 12+ extension visits     +   

noextv No extension visits        

nofarv No farmer visits    -    

Afinfoae Extension as main information source +    

Afinfoar Researchers as main information source +x+       

Afinforp Radio as main information source     +x+   

Aftraind Trained in agroforestry +x+   +x   

Rstraind Trained by researchers     +x   

IF refers improved fallows; BT refers to Biomass transfer; x variable was significant within that group: sign before x denotes 

direction of the coefficient in model;  variable was significant in the overall model that combined the three groups; sign 

after  denotes direction of the coefficient in the grouped model. 

 

 



 134 

    Chapter 6 

Discussion 

6.1 Introduction 

This chapter presents the discussion of the empirical estimates of the logistic models for the 

trialling and adoption of improved fallows and of biomass transfer. Factors that were found to 

influence decisions to trial and/or adopt improved fallows and biomass transfer in eastern 

Zambia are discussed. In the following discussion, the key dependent variables are: Trialling 

of improved fallows; Adoption of improved fallows; Trialling of biomass transfer; and 

Adoption of biomass transfer. 

6.2 Trialling and adoption 

Although Franzel et al. (2002a) reported improved fallows as a suitable practice for similar 

socioeconomic and biophysical conditions to those experienced by smallholder farmers in 

eastern Zambia, trialling of both improved fallows and biomass transfer remains quite low. 

It could be expected that for those farmers whose fields were described as „fair‟ or „poor‟, 

improved fallows are an obvious option to natural fallowing as it would reduce the time of 

fallowing as well as considerably increase soil fertility, and subsequently increase yields. The 

assumption is that farmers would start trialling of improved fallows as a response to soil 

fertility depletion. This means that farmers would start using improved fallows in fields that 

they have cultivated for a period of time even when they can still harvest a crop from it 

without the use of external inputs. Therefore, even with the finding that 25 percent of the 

farmers perceived their fields to be of „good‟ soil fertility (Section 4.3.4), one would expect 

farmers to implement improved fallows on their fields. 

Despite the technological advantages of improved fallows and biomass transfer, farmers have 

not been trialling these technologies to the extent that they can realise the benefits from them. 

This study found that 44.9 percent had trialled improved fallows and 21.4 percent had trialled 

biomass transfer. However, the retention proportions of farmers that adopt improved fallows 

after trialling is higher than for those that stopped (Table 4.26). From this study, adoption of 

improved fallows was estimated at 73.6 percent. These findings are similar to those of Keil et 

al. (2005) who studied experimenting farmers and reported a 75.5 percent adoption of 

improved fallows among them. Similarly, not all farmers that initially trialled the biomass 

transfer technologies adopted them. Nevertheless, the discontinuance rate for biomass transfer 
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(10.8%) is lower than that of improved fallows (Table 4.26). Floyd et al. (2003) also found 

similar results in an adoption study involving multiple agricultural technologies in Nepal 

where the probability of retention once a technology had been trialled was 60 percent. It 

appears that when farmers have trialled a particular technology, they are more likely to adopt 

it than if they did not try it at all. Both studies by Floyd et al. (2003) and Keil et al. (2005) 

concluded that trialling the technology is an important step in the adoption process. The 

question remains therefore why not as many farmers get to trial these technologies in the first 

place; and how we could get them to trial the technologies. 

6.3 Factors influencing trialling of improved fallows 

6.3.1 Seed availability 

Lack of seed emerged as one of the important reasons for farmers not trialling and adopting 

both improved fallows and biomass transfer technologies. According to Ajayi (2007), seed 

availability, in sufficient amounts and of good quality, constrains the widespread uptake of 

improved fallows. The introduction of agroforestry technologies in the study sites started with 

ICRAF distributing seeds to the interested farmers mostly through extension and farmer 

groups. Theses groups were established particularly to promote agroforestry and the members 

of the groups were called farmer trainers (Kabwe, 2001). The role of the farmer trainers was 

to receive training from researchers and other technocrats in agroforestry and later train their 

fellow farmers from their communities of residence. They were also the major distributors of 

seed. In addition to free distribution of seed by ICRAF through the Ministry of Agriculture 

and the farmer trainers, ICRAF also promoted the establishment of group nurseries (Kabwe, 

2001) and seed orchards. Kiptot et al. (2006) reports similar seed distribution arrangements in 

Kenya whereby ICRAF collaborated with other research and extension organisations to 

provide seed to the first generation farmers, i.e., farmers who had direct contact with them. 

Although lack of seed appeared to be a limiting factor for trialling of improved fallows, it 

affected less than 40 percent of the sample. Kabwe (2001) found that farmers in Zambia were 

discouraged from planting improved fallows due to late delivery of seed and that this mostly 

affected the seeds that required establishment of nurseries. Ajayi (2007) advocates for 

provision of small quantities of “starter seeds” as loans to farmers who are first time planters 

in order to encourage them to adopt. Seed loan recovery is done after trees have matured with 

the intention of passing it to other interested farmers. Pisanelli et al. (2008) reiterates the need 

for seed support systems through research and extension if improved fallows have to be 

trialled and subsequently adopted. 
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Kiptot et al. (2006) found that tree seed that was given to first generation farmers was mostly 

shared along kinship to their relatives, group members, neighbours and friends, and that these 

informal social networks were effective at doing that. They also found that farmers who had 

leadership status in their groups, those that belonged to many groups, and also those who had 

larger farm sizes were more likely to distribute seeds of improved fallows. They suggested 

targeting such farmers to enhance the spread of agroforestry technologies (Kiptot et al., 

2006). An interesting finding by Kiptot et al. (2006) is that of the church‟s involvement in the 

distribution of tree seeds. The author is aware that in Zambia too, some of the churches 

especially the rural-based ones, have involved themselves with food security projects and 

therefore tend to promote agricultural related technologies to help families within their 

membership to move themselves out of poverty. 

Another interesting limitation to sharing of tree seeds reported by Kiptot et al. (2006) is that 

of jealousy that normally results from class differences. Farmer trainers/contact farmers get 

involved in capacity building activities that help to improve their understanding of the 

technologies they are intended to promote and therefore get exposed to various activities 

outside their communities such as tours, exchange visits, trainings and workshops. Such 

exposures result in the participating farmers being perceived as better than others in the 

community, which is not an intended outcome (Kiptot et al., 2006). However, such farmers 

are perceived as being better off and therefore, some farmers do not feel comfortable 

associating with them. If such farmers become responsible for seed distribution, they would 

not be approached by those who feel they are of low status in the community. This would lead 

to low trialling and subsequently low adoption. It has also been known that some 

communities associate certain technologies with certain farmers, and that if the relationships 

between those farmers who are said to „own‟ the technologies are not good, then other groups 

of farmers would not be trialling or adopting. These aspects have not been investigated in 

detail but key informants within the study area indicated them as limitations to increasing 

adoption. 

Often, farmers do get suspicious of others whose adoption of new agricultural technologies 

has helped them to improve their farm productivity and subsequently their livelihoods. A 

recent article by Humphrey (2010) reported how a farmer that adopted conservation farming 

and improved his production was suspected of practicing witchcraft. Such allegations were 

also shared by agroforestry adopters whose neighbours accused them of applying fertilisers at 

night. Such kinds of thought and utterances are discouraging to potential adopters who cannot 

withstand the suspicions. 
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Not all farmer trainers or first generation farmers plant the seed that is distributed to them. 

Although this study did not deliberatively investigate this aspect, some of the farmers 

indicated that they were discouraged to plant because the farmers from whom they obtained 

seed had not themselves planted, making the beneficiaries doubt the usefulness of the 

agroforestry species. Kiptot et al. (2006) found that, although seed was distributed to the 

farmer trainers/contact farmers for free, 60.8 percent of the recipient farmers in Kenya had not 

planted them. When farmer trainers/contact farmers do not plant agroforestry species 

themselves but promote them to other farmers in the area, the likelihood that those other 

farmers would plant is low. Following the finding by Kiptot et al. (2006) that most of the first 

generation farmers do not plant the tree seeds, this study recommends further investigation 

and documentation in Zambia on what happens to the seed when it is distributed free to the 

farmers and perhaps to establish how this affects the adoption process. 

The author‟s experience in working with smallholder farmers showed that most of the seed 

that required nursery establishment before establishment of the agroforestry plots posed a 

problem when it arrived late. The seed usually got sown as a group nursery due either to late 

arrival of seed or limited water supplies. The challenges that come with group/communal 

nurseries are beyond this study. However, it is important to point out that sometimes this 

helped to establish some agroforestry plots on time. The problem of seed availability therefore 

goes beyond just making it available but includes timing of distribution, types of species 

made available, seed markets (Kabwe, 2001) and social networking. For example, Keil et al. 

(2005) found that early testers could sell tree seed to ICRAF for use in further dissemination, 

and to some farmers that was a major incentive to trialling and adoption of improved fallows. 

This made most farmers view improved fallows more as a lucrative cash crop rather than a 

means for restoring soil fertility. 

The findings by Kabwe (2001) and Kiptot et al. (2006) about the choice of species by farmers 

are critical to improving the adoption of agroforestry. Farmers indicated that they preferred to 

plant species of their choice not those imposed upon them. Most farmers would prefer species 

that have extra benefits apart from just improving soil fertility. For example, species that are 

edible, saleable and with coppicing ability would be more preferred than those solely for soil 

fertility. 

Since this study has identified lack of seed as one of the factors that influences trialling and 

adoption of agroforestry, tree seeds need to be readily available to the farmers in an efficient 

and timely manner. Although it is known that community seed orchards were part of the 

initial agroforestry programmes in these farming communities, the existence of the orchards 
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was not evident during the field survey. Pockets of seed orchards were observed at Farmer 

Training Centres (FTC) but were scarce in the eight agricultural camps included in this study. 

Spots of Gliricidia sepium trees could be seen. At the time of the survey, farmers had either 

just completed their harvests from the previous growing season or were in the process of 

harvesting crops such as groundnuts. It would be expected that if trees had been planted the 

previous season or if they had been growing for nearly two to three years, they would be 

evident in the landscape. However, fields were without planted trees or shrubs. This could 

imply that almost all farmers who indicated they had adopted improved fallows were in the 

crop-growing phase and that no new plantings were being done. More importantly also that 

there are no deliberately planted seed orchards within the study areas. 

Agroforestry seed needs to be available through seed markets or farmer owned seed orchards 

if agroforestry technologies have to be part of the farming systems. It would appear that 

farmers were entirely dependent on agroforestry researchers to provide seed every year. 

Researchers, either directly or through existing extension systems, used to provide seed to 

farmers freely and therefore farmers did not devise systems of harvesting and storing their 

own seed, or indeed to grow their own seed stands or orchards. If free tree seed distribution 

will continue to happen, a more likely act in the meantime, then a system needs to be devised 

that monitors such distribution and especially what is done with this seed. Unless the seed is 

readily available in these communities, agroforestry trialling and adoption will remain low. 

6.3.2 Lack of interest 

Lack of interest emerged as the second most important factor to lack of seed in influencing 

adoption. Farmers interest in establishing improved fallows on their fields is crucial to 

ensuring that they trial improved fallows. There is need to devise ways in which farmers‟ 

interest can be improved: perhaps through ensuring that they experience benefits accruing 

from use of improved fallows, and through provision of incentives that go with involvement 

in agroforestry programmes. Kiptot (2007) and Kiptot et al. (2007) found that farmer‟s 

situations were an issue in smallholder farming. As smallholder farmers are faced with issues 

regarding addressing daily basic needs, their perception and prioritisation of technologies 

whose benefits are perceived to be in the far future are low. Therefore, ignoring the 

circumstance of these smallholder farmers and simply addressing soil fertility issues, even 

though important, would negatively affect adoption of technologies such as agroforestry. 
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6.3.3 Gender 

Findings about the effect of gender on trialling and adoption in the research literature are 

mixed. This study found that there was a difference in trialling of improved fallows between 

male and female headed households, with males more likely to trial improved fallows than 

females. These findings are in line with literature on Women in Development (WID) that 

suggests that female-headed households are less likely to be involved in projects that involve 

tree planting because of their childcare activities in the household (Due & Gladwin, 1991). 

Neupane et al. (2002) found that in Nepal, females in households that had young children 

spent more time in child care and other household production activities and therefore had less 

time for farming activities. Such families were therefore less likely to get involved with 

agroforestry technologies. This assertion is of practical importance in farming communities 

such as this study area that consider such household roles to be only for females. This study 

finding are however opposite to those of Peterson (1999) and Gladwin et al. (2002a) who 

found that women in female-headed households were more likely to trial improved fallows 

than were married women in male-headed households. Both groups however tend to adopt 

improved fallows equally once they have trialled (Peterson, 1999). The findings of this study 

are also different from those by Phiri et al. (2004), Ajayi et al. (2006a) and Pisanelli et al. 

(2008) who found gender to have little or no influence on trialling and adoption of improved 

fallows. One of the points of departure could result from how gender was measured and also 

the methods of data analysis. In the current study, logistic regression was used whereas Phiri 

et al., Ajayi et al. and Pisanelli et al. used multiple linear regressions. In this current study not 

only did we interview household heads, as was the case with other studies, but we also 

interviewed spouses or the adult child in the case where the household head was absent. 

Literature has suggested that the best way to capture gender influence is to target the farmer in 

the household because sometimes farmers may not necessarily be the head of household. 

Future studies could attempt this approach, with precautions to particularly ask for the farmer 

involved in agroforestry as this would differ from the main farmer in the household. There are 

cases where both household head and the spouse would be farmers but experience from 

eastern Zambia has shown that females in the household might spearhead agroforestry 

activities due to their involvement with farmer clubs that deliberately promote agroforestry 

technologies. 

In the case of Zambia, more females than males were initially said to be trialling improved 

fallows than males because they belonged to women‟s clubs that particularly promoted 

agroforestry and had incentives attached to their participation in planting of trees. Gladwin et 
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al. (2002a) found that females were very enthusiastic about improved fallows to the extent of 

writing and singing local songs about them. Another difference that was observed between 

males and females are the species that they planted, with females preferring species such as 

Tephrosia that were not too difficult to plant and cut (Kabwe, 2001). However, with other 

species such as Sesbania and Gliricidia being said to be more effective than Tephrosia, the 

trend was changing. Both males and females preferred to plant Gliricidia but were limited by 

the availability of seed. 

The literature on gender and farming in Africa suggests that men‟s labour and women‟s 

labour are not interchangeable. Men have specific roles that they have to perform and so do 

women. Marenya and Barrett (2007) found a significant positive relation between gender and 

adoption of natural resource management practices among smallholder farmers in western 

Kenya. Matthews-Njoku (2005) also found that in Nigeria, gender was a factor that was 

affecting adoption of agroforestry technologies. In a study done in Malawi, Hansen et al. 

(2005) found that tree planting was common among single females but not females that were 

married. Hansen et al.‟s findings are related to the marriage and inheritance patterns in 

Malawi and may not necessarily apply to other smallholder farming communities. For 

example in Zambia, female farmers, regardless of their marital status were able to plant trees. 

They were however limited by availability of farmland (Gladwin et al., 2002a). Phiri et al. 

(2004) and Ajayi et al. (2006a) found that there were no differences between males and 

females trialling improved fallows. Gladwin et al. (2002b) attributed the success in trialling of 

improved fallows in eastern Zambia to the low population density as compared to other 

countries like Malawi and Western Kenya where the technology has been tried. Gladwin 

concluded that the involvement of more women with improved fallows was a result of their 

wealth which was poorer than that of males and that since women could not afford inorganic 

fertiliser, they resorted to planting improved fallows as their own source of nitrogen fertilisers 

(Gladwin et al., 2002a). 

Although improved fallows were being trialled equally by both males and females in this 

study, Keil et al. (2005) found that improved fallows adoption decreased by 17.9 percent age 

points in households that were headed by women. In addition, older farmers and female heads 

of households were found to practice improved fallows at a smaller scale, with Keil 

attributing this to either higher risk aversion or physical constraints in relation to labour 

required for cutting large improved fallow plots. Keil et al.‟s (2005) findings are consistent 

with Adesina et al. (2000) who found that male farmers were more likely to adopt alley 

cropping in Cameroon. 
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It is interesting to note the finding by Keil et al. (2005) that although there were no 

differences in trialling improved fallows, there were fewer female headed households that 

adopted improved fallows than did male headed households. This study did not find an 

association between adoption of either improved fallows or biomass transfer with gender. 

With these mixed findings, it would be best to include this variable in future studies so as to 

establish its influence within the study area since circumstances of smallholder farmers are 

varied and some areas might require more attention to gender than do others. Circumstances 

of smallholder farmers differ as a result of proximity to markets, extension services, and 

various infrastructures, which make some communities more informed than others. The more 

exposed a community is to external influence and ideas, the higher the likelihood of them 

trialling new technologies. 

Generally, gender issues are important in developing countries due to circumstances of certain 

marginalised groups of society. Therefore, most if not all development programs have to 

deliberately incorporate and mainstream it at the outset of the project to ensure that they target 

the right beneficiaries. Equally important are sources of most development funds that 

particularise gender balances before they can approve funding a project. If agroforestry 

development targets such external funding sources, they will have to take gender on board. In 

that case therefore, gender consideration becomes a must. 

6.3.4 Farm size 

Size of farm was only found to positively influence trialling of improved fallows. This means 

that when farmers are considering whether to trial improved fallows for the first time, they are 

restricted by the size of the land available to them. Contrary to these findings are the results 

reported by Styger and Fernandes (2006) who found that planted fallows in Central America 

even got adopted in areas where land is limited since farmers have to intensify their 

production and are forced to improve the areas of land available. Perhaps some farmers get 

discouraged just by learning that there is a tree component involved with the technology and 

if they have not seen it demonstrated before, some would get discouraged outright. In this 

case extension ought to establish demonstration plots of different sizes mimicking farmers 

own situations. That would encourage more farmers to trial, and since we have established 

that trialling subsequently leads to adoption, the likelihood of adoption also increases. The 

finding in this study also contradicts that by Pisanelli et al. (2008) who found little influence 

of farm size on the decision to plant or trial improved fallows in western Kenya. Differences 

in the results could stem from methods of measurement and data analyses used. However, it is 
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encouraging to see the general association between land size and improved fallows 

technology. 

Land in rural Zambia is mostly under the custodianship of traditional chiefs and is obtained 

through clan lineage. Therefore the general size of land that a household owns varies with 

family size (Kabwe, 2001). It could be expected that when the farm size is large it would 

encourage agroforestry practices, or that farmers would not see the need to undertake 

agroforestry. On the other hand, engagement in agroforestry on small farms would be seen as 

loss of land to trees that could potentially be used for food and cash crop production. Amsalu 

and de Graaff (2007) found farm size to have significant influence on both trialling and 

adoption of stone terraces for soil conservation among farmers in the Ethiopian highlands, 

with the effect being positive and negative on trialling and adoption respectively. Atumara 

and Daramola (2005) and Azeez and Jimoh (2007) found a positive and significant correlation 

between adoption and total farm size in Nigeria. Small sizes of farms in the western highlands 

of Kenya limit the impact of agroforestry technologies (Place et al., 2004a; Place et al., 2005) 

and the adoption of improved fallows in Zambia (Keil et al., 2005). In Zambia, size of land 

was not found to be limiting trialling of improved fallows (Keil et al., 2005). 

6.3.5 Farming experience 

The practice of improved fallows is said to be knowledge intensive (Ajayi, 2007; Pisanelli et 

al., 2008; Place et al., 2002), and therefore requires technical support from research and 

extension for farmers to be able to implement it on their farms (Pisanelli et al., 2008). It 

would be expected that farmers who have been farming over a long period of time might 

easily realise the changes that take place within their farms especially those related with yield 

increases and or losses; that they would easily adopt technologies that aim at addressing 

presumed causes of these changes in land productivity. Most studies have used age as a proxy 

for farming experience. However in this study farmers were asked how long they have been 

farming and the number of years was used to denote their farming experience. There was a 

positive relationship between farming experience and trialling of improved fallows, with each 

additional year of experience increasing the likelihood of reporting trialling of improved 

fallows (Sections 5.2.1 and 5.2.4). Ajayi (2007) found that experienced farmers were able to 

assess their farm lands‟ soil fertility status. Farmers in Zambia appreciated improved fallows 

because of its ability to address critical soil fertility problems (Ajayi, 2007). However, 

adoption of improved fallows was found to decrease with increasing age of the household 

head by 0.75 percent per year of age (Keil et al., 2005). 
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6.3.6 Income from livestock sales 

Income obtained from sale of livestock was only found to be positively related with trialling 

of improved fallows. It is not surprising that such income could play a major role in helping 

farmers to decide to trial improved fallows. Improved fallows are said to be labour intensive 

and the initial preparation of the land on which to establish them would require that extra 

labour is sourced otherwise the trees would be established late. Late planting of fallows leads 

to poor establishment of trees, and usually increases the risk of poor performance or delays 

benefits. Such income would therefore become handy for them to hire labour or oxen to 

plough the fields or to hire labour to help with the usual weeding of crop fields while the 

farmer works on establishing an agroforestry plot. Farmers who have income from livestock 

sales are therefore much more likely to trial improved fallows than are those that do not have 

it. 

Livestock production is part of the farming systems of smallholder farmers in Zambia and 

farmers generate income from their livestock in the form of milk, meat, draught power and 

manure (Chakeredza et al., 2007). Farmers do not usually consider income from livestock 

sales as part of farm income and this research attempted to capture that aspect by asking 

farmers to separate such income from other household income. It was found that usually when 

farmers reported household income they only considered that which they obtained from the 

sale of farm produce (crops). Many did not even report non-farm income. Perhaps farmers 

find it easier to remember the income from crop sales since it normally comes as a bulk 

amount. In most cases farmers could not even recall income from other farm produce except 

that obtained from sales of their seasonal harvests. 

6.3.7 Skills 

Skill improvement is an important aspect of trialling and learning about an innovation (Abadi 

Ghadim et al., 2005). The value of the skill improvement attributable to a trial is a monetary 

value that arises from the improvement in the farmer‟ skills at growing the crop due to 

experience and information gathered during the trial (Abadi Ghadim et al., 2005). Farmers 

who reported lack of skills in how to implement improved fallows were not likely to trial 

improved fallows. Skills required for implementing improved fallows may appear to be 

simple but they involve tree planting that many farmers have no experience with. They 

require that experts take farmers through them to increase their self-confidence and improve 

the ability of farmers to trial on their own. Part of the failure to achieve good performance of 

improved fallows was mismanagement of the trees from nursery stage through to the 

transplant stage as well as poor timing of operations in relation to the short wet growing 
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period. Once farmers had gone past these stages, and were confident of survival of trees, they 

were able to grow plots of trees satisfactorily. Poor performance of the first attempted tree 

plot discouraged some farmers from further attempts to trial them. 

6.3.8 Researchers and extension workers as sources of information 

This study found that trialling of improved fallows was influenced by agricultural extension 

workers and researchers as their initial sources of agroforestry information. It would appear 

that farmers trusted the information that they initially obtained through these technocrats as 

compared to other forms of information sources. Researchers have been providing extension 

services to the farming communities especially in areas where extension at local community 

level was either not available or where they were challenged with resources. However, the 

development sectors of the research institutions are also limited to reaching only a certain 

proportion of the farming community and especially to undertake on-farm research and 

provide visual impact of the technologies due to demonstration plots in the communities. It is 

expected that extension workers would then take the technologies to the whole farming 

community so as to reach the wider community. According to Rogers (2003), access to 

information about an innovation is key in determining ones adoption decision. 

However, the situation is such that agricultural extension workers are not also sufficiently 

trained in agroforestry technologies and lack exposure to the technologies to enable them to 

confidently promote them amongst the farming communities. Kabwe (2001) found that some 

of the extension workers were not confident in disseminating agroforestry technologies since 

they had not had any other training in agroforestry apart from what they had at college yet 

college curricula did not keep abreast of agroforestry innovations in the field. In fact, some of 

the extension officers indicated that research institutions were biased towards exposing 

farmers to the technologies. In some cases, it was observed that some farmers had been to 

more research station visits and exchange tours and visits than had extension staff. Some 

extension staff had not been on any such exposure visits. Part of the reason could be that 

extension staff are expected to provide service on all aspects of farming and may not see 

agroforestry as an immediate solution to addressing farm productivity. In other cases, there 

are so many projects running within the camps that it was difficult for them to balance their 

time. As well there are resource challenges that public extension in Zambia are faced with 

(Mitti et al., 1997). There are however more opportunities to improve farmers‟ knowledge of 

improved fallows and other agroforestry technologies through the agricultural extension 

workers channel than currently occurs (Ajayi, 2007). Nearly all of the agricultural camps in 

eastern Zambia have a presence of government extension workers (Ajayi, 2007). Ajayi (2007) 
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found that farmers who had planted improved fallows had obtained information regarding the 

technology through extension officers, ICRAF project staff, WVI agroforestry project, farmer 

trainers and also through other farmers. 

6.3.9 Agroforestry training 

Agroforestry training remains an important step in trialling of improved fallows. In Section 

6.3.7 it was pointed out that farmers who lacked knowledge and skills were less likely to 

consider trialling improved fallows. This finding on training in agroforestry supports the 

finding in Section 6.3.7 in that knowledge and skills development can be enhanced through 

training. Most of the agroforestry training which has been provided has been hands-on 

training and usually included both the practice of improved fallows and biomass transfer in 

one session, since these two technologies complement each other. Place and Dewee (1999) 

reported that agroforestry technologies were knowledge intensive and attributed slow uptake 

of such technologies to this factor. Therefore the role of training in improving trialling of 

improved fallows cannot be overemphasised. 

Agroforestry training has been conducted by researchers, camp officers, NGO staff, farmer 

trainers, and occasionally staff of the Forestry Department. The content of training has not 

been analysed in this study but in all cases it was found that practical field training was a 

common type of training. Trainers undertook practical training with the farmers to establish 

tree nurseries, demonstrated sowing, and transplanting, weeding, cutting of trees at maturity 

as well as explained pest management aspects. 

Part of the reason agroforestry uptake was slow was lack of expertise among extension 

workers (Kabwe, 2001) but also lack of interest in the technology. It could be expected that 

extension workers would encourage farmers to take up agroforestry irrespective of its 

disadvantage of a long wait to seeing its benefits. However, extension workers too were 

sceptical about agroforestry in that respect. In addition, extension workers are involved with 

promoting many other agricultural technologies some of which have financial support directly 

accruing to them. Extension workers often emphasise production of staple cereal crops (Place 

et al., 2002) and pay little attention to other technologies that improve land productivity. In 

the case of agroforestry, it was expected that extension workers would promote agroforestry 

as part of the normal extension work. There was no extra funding given to the extension 

workers for agroforestry extension. In fact government is expected to fund agroforestry 

research and extension which is why ICRAF as a lead research institution was hosted by the 

Government of Zambia and had government employee researchers to work alongside them as 
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commitment to continuity of the technology beyond the project cycle. Occasionally ICRAF 

supported extension workers with petrol for motorcycles. This was only done in the case 

where extension workers were given particular tasks by researchers to perform on their behalf 

such as mobilising farmers for future planned activities or identification of farmers to 

participate in on-farm research and other capacity building activities such as workshops, 

trainings, field visits and exchange visits. Some of the institutions that promoted other 

technologies such as conservation farming also invested resources directly to the district funds 

to enable the extension workers to promote those technologies (Haggblade & Tembo, 2003). 

According to the key informants, ICRAF did not do enough to ensure that agroforestry got 

institutionalised and mainstreamed within the Ministry of Agriculture. It was felt that 

agroforestry remained a technology of ICRAF to extent that even farmers that established 

agroforestry plots still referred to them as belonging to ICRAF. No wonder the technology 

has been considered as new even after two decades of research. The key informants felt that 

researchers did not wean-off the on-farm farmer researchers and that for a long time, they had 

worked with the same farmers to the extent where those farmers could not practice 

agroforestry on their own but always waited to be assisted by researchers. 

It is useful for researchers to have direct contact with farmers whom they undertake on-farm 

research with, but building capacities among extension workers who work with these farmers 

on a daily basis would be more effective. Farmers require constant consultation when they 

implement new technologies and in the case where the extension workers are not adequately 

equipped with agroforestry knowledge and skills, they would not feel comfortable to suggest 

them to farmers. The end result is they may be recommending farmers take up other 

technologies that they can more easily explain and advise farmers on. Therefore, researchers 

need to devise means to ensure capacity building among extension workers alongside that of 

farmers, farmer trainers and NGO‟s. They themselves cannot reach as many farmers as would 

extension workers through this pluralistic approach. 

6.3.10  Club membership 

In this study, club membership was found to positively influence trialling of improved 

fallows. However this result was only positive when club membership interacted with other 

farm/farmer attributes and external factors. When extension factors were introduced in the 

logistic models, club membership did not become significant. The findings of positive 

influence is in line with that of Gladwin et al. (2002a) and Ajayi (2007) that belonging to a 

club was related to trialling of improved fallows. Both literature and the findings of this study 
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have shown that once farmers have trialled a technology, they were likely to adopt it. If this 

relationship holds then it is no surprise that club membership influenced trialling of improved 

fallows. Peterson (1999) reported a significant correlation between club membership and 

trialling of improved fallows. Ajayi et al. (2006a) also found that farmers who belonged to 

clubs were three times more likely to trial improved fallows. It would appear that farmers who 

belong to clubs have access to information about agroforestry benefits and are therefore 

encouraged to continue using it. Ajayi et al. (2006a) presumed groups as catalysts for 

provision of access to information on agricultural practices, and training. According to 

Peterson (1999) and Ajayi (2007) clubs act as channels for members to access information on 

agricultural practices and therefore potentially be used as entry points for improved fallows. 

Neupane et al. (2002) however found female membership in the local NGO to be negatively 

associated with adoption of agroforestry in Nepal. They found that most women were 

involved in non-agricultural activities such as family planning, health and nutrition but not 

farming. This is an expected result in communities that are challenged by basic needs. 

However, it would also be expected that such communities would be involved more in 

farming as a source of food security. 

Villages in eastern Zambia are sparsely located such that even within an agricultural camp, 

some farmers have to walk long distances (Section 4.4.4) to access extension facilities. In 

order to ensure that most farmers are reached with such services, development workers and 

farmers themselves are organised in groups. Even in cases where there are no pre-existing 

groups, extension often prefers that they bring farmers together in one location for such 

activities as trainings, field days and or village demonstrations. Farmer clubs and or groups 

are means through which most agricultural activities are undertaken. Rolling (2009) indicated 

that the success of diffusion was associated with membership in farmer organisations. 

Needless to mention that these groups operate under certain regulations and in some cases 

require that a membership fee be paid for one to join. Kabwe (2001) found that club 

membership fees were set higher than most of the farmers could afford. In such cases 

therefore, even if groups were an effective means of disseminating agricultural technologies, 

they were not easily accessible to all farmers. 

Some already established groups, though restricted to affiliate members, acted as suitable 

entry points for agricultural programs within the study area. In addition, interest groups have 

been formed in the past to promote individual technologies. For example, ICRAF facilitated 

formulation of groups in eight agricultural camps they referred to as agroforestry change 

teams, which comprised farmers, village leaders and locally based development agencies 
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(Böhringer, 2002b). These were basically agroforestry interest groups managed under the 

TARGET project by ICRAF but with funding from USAID. Formation of interest groups, 

especially with reference to NGO, international organisation or other external organisation 

support has its own challenges, with an important one being that local people do not consider 

it as their own, and therefore they might be short-lived. During the field research, I observed 

that the agroforestry interest groups (change teams) were no longer as active because of lack 

of support from ICRAF. This goes to show that groups that are formed with outside influence 

may remain active for only the period of time that they get supported technically or otherwise. 

It might be necessary that organisations work with already existing groups or if they help to 

form new groups, they ensure an exit strategy that allows the group to be self sustaining. 

Nowadays it is rare to find development organisations, research organisations or government 

programmes that do not prefer to work with community-based organisations in implementing 

projects and in pursuit of achieving development goals (Place et al., 2004b). However, 

strengthening already existing ones rather than creating new ones might be the way to go to 

ensure sustainability. 

6.4 Factors affecting adoption of improved fallows 

6.4.1 Seed availability 

Seed availability also influences adoption of improved fallows. In Section 6.3.1, it has been 

discussed how lack of seed influences trialling of improved fallows. As a consequence, 

adoption of improved fallows also gets affected. Since seed forms the basis for agroforestry 

technologies, promoters of the technologies have to ensure that seed is available for farmers to 

trial improved fallows and assess the impact of the technologies for themselves. That would 

ensure higher adoption. 

6.4.2 Lack of interest 

Lack of interest was also found to negatively influence adoption of improved fallows. In 

Section 6.3.2, it has been discussed how important lack of interest is to ensuring that farmers 

trialled improved fallows. Considering that lack of interest has also been shown to be 

important fro adoption of improved fallows, it becomes a matter of concern. Lack of interest 

could result in higher discontinuance rates and therefore promoters of improved fallows will 

require understanding how to captivate farmer interest. One such way would be to ensure that 

benefits of improved fallows are well established and demonstrable especially at the trialling 

stage. In addition, the impact of getting involved in improved fallows must be evident on 

those that adopt earlier. 
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6.4.3 Land Limitation 

Land limitation was measured as a perception question, unlike size of farm that was measured 

in terms of area cropped. However, the issue of land size (Section 6.3.4) and land limitation 

are similar. In this case, farmers answered a „yes‟ and „no‟ answer to whether land was 

limiting them from trialling improved fallows. This variable was only found to negatively 

influence adoption of improved fallows. It would appear that at trialling stage, farmers are 

interested to see how the technology performs however when they consider to continue with 

the practice, that is when they start considering issue of land. Therefore, it is necessary to help 

farmers with planning how to integrate improved fallows on land when they perceive it to be 

limited in relation to what they have to use it for. Usually tree-based technologies receive 

least priority when farmers have to make choices on what to use it for. The issues discussed in 

Section 6.3.4 could also apply to this situation. It needs to be emphasised to farmers that 

improved fallows can be applied to all sizes of land, especially now that there are species that 

have been found to effectively ameliorate soil fertility within one year‟s growth. 

6.4.4 Non-farm income 

Non-farm income was found to positively influence the adoption of improved fallows. This 

contrasts with Baidu-Forson (1999) who did not find non-farm income to be associated with 

adoption of land-enhancing technologies in Nigeria and attributed this to the absence of 

options for households to earn non-farm income within the study region. Holden et al. (2004) 

concluded that access to non-farm income in the Ethiopian highlands reduced the incentives 

of farm households to invest in conservation and that this would lead to accelerated 

degradation. On the other hand, it could be assumed that when farmers have sufficient income 

from non-farm activities, they would invest in high input technologies such as use of 

inorganic fertilizers, and engage in intensive agriculture. This could mean opting out of using 

technologies such as agroforestry which are labour intensive and require a longer period of 

time to realise the benefits. According to Franzel (1999), off-farm income can reduce the 

potential of adoption when it becomes high enough to purchase food for the family and the 

family stops relying on their farm for livelihood. Non-farm income is usually earned during 

the dry season when there is little or no farm activity (Kabwe, 2001). 

6.4.5 Method of ploughing 

Farmers cultivate either by use of hand hoes, ox-drawn plough or a combination of the two 

(Section 4.3.5). The adoption of improved fallows was found to be negatively influenced by 

the combined methods of ploughing (Sections 5.3.1 and 5.3.4). This means that farmers that 
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used a combination of these methods would not adopt improved fallows compared to those 

who used either hand hoes or ox-drawn ploughs only. This study also found that most farmers 

depend on hand cultivation. This finding is in line with Kabwe (2001). Cultivation methods 

can be crucial in smallholder farming. Farmers with more land also require more time to 

cultivate it. The cultivation season starts during the dry season and usually the soil is hard to 

break and yet if farmers were to wait for the rains to start, they would be late to sow and plant 

their crop in time and this usually leads to reduction in crop yields. Farmers also often use 

seed harvested from previous seasons, which lowers yields due to loss of seed viability. Most 

hybrid seed is beyond smallholder farmers‟ budgets. This therefore requires that they cultivate 

the land before the first rains or that they have the means to cultivate their fields fast enough 

for the crop to be grown with the first rains. Therefore, how farmers cultivate their fields 

gives them advantage to ensuring speedy and early planting. 

6.4.6 Extension visits 

The number of extension visits received by the farmer is expected to be positively correlated 

with the probability of adoption of agroforestry (Doss & Morris, 2001). This study also found 

that there was a relationship between farmers adopting improved fallows with the number of 

extension visits made or received by the farmer. The findings related to the number of visits 

are however mixed depending on the way that the variables were coded. For example when 

farmers were considered in two categories of 1 (no visit) and 0 (visit), it was found that only 

trialling of biomass transfer was significantly related with this variable. However, overall it 

was found that the extension visits play a role in influencing adoption of agroforestry in some 

farmers. The surprising result is that numbers of extension visits do not influence trialling of 

improved fallows. It could possibly mean that the type of extension information that farmers 

are provided with in these extension visits is not related to agroforestry and that such kinds of 

information may not be equipping farmers with knowledge and skills on agroforestry. 

Possibly, the main reason for extension visits is not related to implementation of agroforestry 

but to other aspects of farming. Neupane et al. (2002) did not find extension to be 

significantly associated with adoption of agroforestry. They found that although farmers were 

in frequent contact with extension workers, they may not have necessarily been receiving 

necessary information and support about agroforestry. It could also be that extension workers 

might not themselves be viewing agroforestry as an appropriate option for soil fertility 

management and are therefore not promoting it to farmers. Aspects that are concentrated on 

by extension workers are likely to come to the attention of farmers when considering 

improving their farming rather than those that are not. Neupane et al. (2002) found that the 
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extension department had not given any attention to agroforestry in their programs. This 

might be the case for Zambia too. The Director of Agriculture in his speech to the 

agroforestry policy workshop (Chrisma Hotel, Lusaka, 6
th

 December, 2006) facilitated by the 

Agricultural Consultative Forum (ACF) and ICRAF indicated that government (Ministry of 

Agriculture and Cooperatives) had not been funding agroforestry research and development 

work since the involvement of ICRAF. Much of public extension‟s emphasis is on 

technologies that address immediate food and income needs, and marketing of these products. 

Levels of poverty in these communities force extension to focus on short term food 

production rather than on looking at long term land productivity. Moreover, even the 

agricultural policies seem to advocate for this. 

Dinar et al. (2007) comment that the role of extension in confronting food security issues 

cannot be overemphasised. As food security has become a central focus of most international 

development agencies, advocating for increase in food production and ensuring a sustainable 

use of scarce land and water resources, extension plays an important role in educating and 

supporting smallholder farmers, especially those in remote location without good 

communication facilities. Extension is one of the conditions that dictates success of diffusion 

of technologies (Roling, 2009) and therefore cannot be overemphasised. 

Dinar et al. (2007) found that public and private extension systems compliment each other 

and that the impact of using both to promote technologies was greater than when either was 

used as stand alone. Knowledge of agriculture is increasingly relying on multiple knowledge 

providers, not that of public agricultural R&D and R&D organisations only (World Bank, 

2006). This could imply that these two types of extension were aimed at addressing different 

farmer needs. They found that farms that accessed services of both extension outlets 

demonstrated high levels of performance compared to those that only had one service. This 

issue is of great importance for policy makers and deserves further investigation. This study 

only measured a few aspects of extension and how it has been done in the context of 

agroforestry. It looked at the number of extension visits a farmer makes and receives, but it 

also looked at training, which is an important aspect of extension, and included the 

involvement of researchers in the extension activities. However, an important aspect that 

deserves further exploration would be investigating the actual messages that extension shares 

with farmers and the nature of training done by different training agents in order to establish 

its contribution to increasing farmer knowledge and skills in the practice of agroforestry. 
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6.5 Factors affecting trialling of biomass transfer 

6.5.1 Seed availability 

Lack of seed also negatively influences trialling of biomass transfer. The discussion on lack of 

seed and how it affects trialling and adoption of improved fallows has been extensively 

covered in Section 6.3.1. Lack of seed for improved fallows subsequently constrains biomass 

transfer since usually, sources of biomass for use in gardens start out as an improved fallow. 

Therefore promotion of improved fallows should also take into account requirements for 

biomass transfer. This would require that farmers establish some improved fallows specially 

for harvesting of biomass for use in gardens since removal of biomass from improved fallows 

might reduce the effects of the fallows on the post-fallow crop. In some cases, farmers have 

attempted to plant agroforestry species in the periphery of the gardens but usually these have 

not been sufficient to cater for garden needs. Farmers could also consider leaving some trees 

standing for seed harvest to ensure expansion of tree plots. 

6.5.2 Garden ownership 

Owning a garden was found to be critical to adoption of biomass transfer. According to 

Kuntashula et al. (2004; 2006), biomass transfer technologies are profitable when they are 

used on high value crops, which smallholder farmers in Zambia mostly grow during the dry 

season. As dry season farming is concentrated in dambos where water availability is assured, 

farmers tend to use biomass transfer technology in these dambo gardens. It is no surprise that 

ownership of a garden was found to be significantly associated with adoption of biomass 

transfer since farmers that did not own garden would hardly practice biomass transfer. 

6.5.3 Knowledge 

This study found a significant relationship between trialling of biomass transfer and lack of 

knowledge on how to implement them. Place et al. (2002) and Ajayi (2007) have indicated 

that improved fallows are knowledge intensive and require that farmers initially get trained in 

order for them to effectively implement them. Improvements in knowledge can be enhanced 

by building capacities of the extension workers in agroforestry technologies and also formally 

mainstreaming agroforestry into relevant government agricultural and natural resources 

ministries (Ajayi, 2007) 

There are however no reports of the knowledge intensiveness of biomass transfer in research 

literature. It could be assumed that farmers would be familiar with such a practice as it does 

not differ substantially from the way they have used animal or green manures traditionally. 
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However, the issue with use of biomass from these leguminous trees and shrubs is getting the 

right amounts applied as excess doses would kill the vegetables and discourage farmers from 

adopting them (Katanga et al., 2007a). There is need to improve the availability of 

information about biomass transfer so that farmers get to easily trial and adopt it without 

having any doubts on how it works. This would entail also building capacity of agricultural 

extension workers since they are the frontline extension that farmers rely on for immediate 

consultation. Neupane et al. (2002) attributed low adoption of agroforestry to extension 

workers not being knowledgeable in agroforestry and hence not being able to deliver the 

technology and practices suitable for farmers. 

6.5.4 Extension visits 

This study found that there was a relationship between farmers that trialled biomass transfer 

with the number of extension visits made or received by the farmer. Section 6.4.6 gives a 

general discussion on the effect of extension visit on adoption of improved fallows. In the 

case of biomass transfer, it was the trialling stage that was found to be positively influenced 

by both the extension visits that the farmers make and those that the extension workers make 

to the farmers. What this demonstrates is the importance of the interaction between the 

extension workers and the farmers. Considering that biomass transfer has not been widely 

used in the study area, farmers might still be looking for more information about how to 

operationalise it, hence the usefulness of the extension visits in building capacities and 

ensuring the availability of information about it. 

6.5.5 Sources of information 

This study found that trialling of biomass transfer was influenced by radio as main source of 

information. According to Rogers (2003), access to information about an innovation is key in 

determining ones adoption decision. Radio is an excellent medium for motivation and for 

drawing attention to new ideas and techniques but it is weak of providing detailed knowledge 

and training (FAO, 1989). ICRAF had run radio programmes in a local language for some 

time (Kabwe 2001). Although radio has its own disadvantages such as poor timing, costs of 

airing, a disadvantage of one-way communication, farmers not owning radios and not being 

able to afford the batteries (Kabwe, 2001), it was found to positively influence trialling of 

biomass transfer when used in combination with other methods. This is an important finding 

as it can be targeted for use to extend information, not only about biomass transfer but other 

useful agricultural and natural resource management technologies as well. 
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6.5.6 Agroforestry training 

Agroforestry training was found to positively influence trialling of biomass transfer. This 

relationship was only found to hold when extension factors were considered apart from 

internal and external factors. Section 6.3.9 discusses the influence of agroforestry training as 

trialling of improved fallows, for which general principles apply to trialling of biomass 

transfer. Training generally improves capacities of farmers and it is hoped that engaging 

farmers in training as frequent as possible and within permissible resources, would improve 

the proportion of farmers that trial biomass transfer and subsequently enhance adoption. 

6.5.7 Agroforestry trainers 

This study found that the type of trainer only influenced trialling of biomass transfer. This 

indicates that depending on the type of trainers on biomass transfer, farmers were likely to 

trial biomass transfer. It was found that farmers were highly likely to trial biomass transfer 

when they were trained by researchers. Researchers usually undertook trainings during on-

farm experimentation. 

When researchers undertook on-farm research they did not only involve the farmer on whose 

farm they did the demonstrations. They usually had a group of farmers in one locality and 

during the demonstrations, other farmers were free to come along. It is not surprising that 

training by researchers was effective because they were the developers of the technologies 

and just the mere fact that they were known by farmers to be technically capable, the amount 

of trust and respect influenced farmer trialling. It should also be mentioned that on-farm 

research has other incentives that come along with one‟s involvement in the trials (Kiptot et 

al., 2007). Usually when experiments are undertaken, inputs required for use in controls such 

as inorganic fertilisers are supplied and so are improved crop seed varieties. This entices 

farmers to volunteer to have their farms or gardens used for demonstrations. However the 

extent to which researchers can reach the communities is limited by their location, available 

resources and also their mandate. Usually researchers work with a small proportion of farmers 

in on-farm research so as to demonstrate the technology‟s performance in local farm 

conditions, after which extension is supposed to take it up to the wider community. In recent 

years however, it has been found that research had to go further by promoting agroforestry to 

farmers because they realised the slowness of uptake and that extension were not doing 

enough to take agroforestry forward. 
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6.5.8 Club membership 

This study also found that club membership was influencing trialling of biomass transfer, 

quite the opposite to that of improved fallows where club membership was found to influence 

the adoption stage. This is expected in that biomass transfer technology was newer than 

improved fallows and some of the farmers were still learning about it. This could be deduced 

from the low percentage of farmers within the sample that were trialling it. Section 6.3.10 

discusses in detail the role of club membership in trialling of improved fallows. The principle 

is similar here. Generally, farmer clubs and or groups in smallholder farming communities in 

Zambia play a great role in ensuring that most of them are reached with necessary extension 

services and messages that help to improve farming methods and subsequently increase their 

yields. 

6.6 Factors affecting adoption of biomass transfer 

6.6.1 Seed availability 

Lack of seed also negatively influenced adoption of biomass transfer technologies. 

Mechanisms for seed distribution and limitation to seed availability have been discussed in 

Section 6.3.1. Apart from influencing the widespread uptake of improved fallows, seed 

availability also subsequently constrains biomass transfer since usually, sources of biomass 

for use in gardens start out as improved fallows. 

6.6.2 Lack of interest 

Lack of interest emerged as the second most important factor to lack of seed in influencing 

both trialling and adoption of improved fallows and also adoption of biomass transfer. It was 

not found to influence trialling of biomass transfer. Farmers interest in establishing improved 

fallows on their fields is important to ensuring that they trial and adopt biomass transfer. 

There is need to devise ways in which farmers‟ interest can be improved: perhaps through 

ensuring that they experience benefits accruing from use of biomass transfer, and through 

provision of incentives that go with involvement in agroforestry programmes. Kiptot  (2007) 

and Kiptot et al. (2007) found that farmer‟s situations were an issue in smallholder farming. 

As smallholder farmers are faced with issues regarding addressing daily basic needs, their 

perception and prioritisation of technologies whose benefits are perceived to be in the far 

future are low. Therefore, ignoring the context of these smallholder farmers and simply 

addressing soil fertility issues, even though important, would negatively affect adoption of 

technologies such as agroforestry. 
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6.6.3 Household income 

Annual household income influenced adoption of biomass transfer. Farmers usually obtain 

household income from sale of agricultural produce. In this study however it was established 

that farmers also obtained income from sale of livestock, off-season employment, and small 

businesses (Section 4.2.7). Remittances were not found to be a source of household income 

within the study area. Ayuk (1997) also found in Burkina Faso that most of the household 

income comes from sale of agricultural produce and that 65 percent of households‟ income 

was derived from off-season farming. It is not surprising that household income was found to 

be significantly influencing adoption of biomass transfer. As we have seen from earlier 

discussion, use of biomass transfer is labour intensive, which means a household lacking 

family labour might need to hire from outside the family in order to manage it. In addition 

biomass transfer compliments other garden activities and farmers usually have to invest in 

purchase of garden inputs such as inorganic fertilisers, vegetable seed, watering cans, etc. and 

therefore, mostly households that have annual household income would be involved in 

gardening and hence the finding of positive influence of household income on adoption of 

biomass transfer. 

6.7 Summary of the Chapter 

This chapter discussed the factors that were established to have an influence on decisions to 

trial and adopt both improved fallows and biomass transfer. It has been observed that seed 

availability is crucial for both stages. In addition, lack of interest was the next most influential 

factor although it did not affect trialling of biomass transfer. Other factors were not common 

across the dependent variables but their importance has been discussed pertaining to the stage 

they were found to influence. In the next chapter, conclusions are drawn based on this 

discussion and future research is also proposed. 
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    Chapter 7 

Conclusions, implications and recommendations 

7.1 Introduction 

In this concluding chapter of the thesis, the main findings are presented. This chapter also 

examines the implications of the findings for trialling and adoption of agroforestry 

technologies. Finally, it comments on the limitations of the research completed and examines 

possible ways to extend the research. 

This study was prompted by the need to have farmers adopt agroforestry technologies and 

also mainstream them as part of their farming systems so that they could realise its potential. 

The interest to study the uptake of agroforestry resulted from the author‟s previous 

involvement with development research in agroforestry among smallholder farmers and the 

realisation that despite the potential that agroforestry has to improve livelihoods, it was not 

being adopted to the level that its impact could be realised. Agroforestry has potential to 

address land productivity, to increase crop, tree and fodder production, and address immediate 

food needs. It also has capacity to ameliorate the environment, and increase farmer‟s incomes. 

In view of agroforestry‟s potential to increase land productivity, various extension initiatives 

including on-farm research, have been pursued to promote agroforestry. These possibilities 

have persuaded various development organisations to promote agroforestry in eastern Zambia. 

Most of the smallholder farmers in rural Zambia are faced with many challenges pertaining to 

their livelihoods including food, nutrition, and health challenges. They therefore prefer to 

adopt agricultural technologies that translate into immediate results. They require a lot of 

encouragement to invest in technologies such as agroforestry that require them to wait even a 

few years before they can realise the benefits. With agroforestry technologies, farmers need to 

invest at least two to three years in tree growing before they can realise benefit from their 

investment. Therefore, farmers need to be helped so that they consider trialling agroforestry 

practices and eventually adopt them. 

Findings from this research do give pointers that agroforestry technologies are important as a 

means for soil fertility improvement and general livelihood improvement. The techniques are 

suitable for resource poor farmers not only in eastern Zambia but in most sub-Saharan African 

countries. Agroforestry technologies do contribute to poverty alleviation considering that the 

majority of the population in rural Zambia depends entirely on farming for their livelihoods. 
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The findings of this study can help to guide research and extension efforts that can lead to 

higher adoption and impact rates of agroforestry. 

The study was done in eight agricultural camps (two from each district) in Chadiza, Chipata, 

Katete and Petauke Districts. The study sites were selected because that is where agroforestry 

research and extension efforts have been concentrated. The sample consisted of 388 randomly 

selected households in the four districts. Data was collected in 2008 through a survey that 

used a structured questionnaire. Data collection was accomplished in a single visit. One 

instrument (questionnaire) was developed to collect data that would help answer all the 

research questions. Data was analysed using descriptive statistics and logistic regression 

methods in SPSS version 15. The adoption decision was viewed in dichotomous terms (1 

„trial‟ or 0 „not trial‟: 1 „adopt‟ or 0 „not adopt‟). Such approaches have been criticised as not 

capturing the intensity of use at farm level. However, the purpose of this study was to 

investigate the proportion of farmers who were involved with agroforestry and not the 

intensity of application of the technologies at farm level. Therefore, descriptive statistics and 

logistic regression were found to be suitable for use. Data were collected mostly as categorical 

variables and this limited the choice of analysis methods. Logistic regression has been found 

in literature to be comparable to multiple regression and discriminant analysis and hence it 

was selected for data analysis. 

Part of the reason data were collected as categorical variables was based on the author‟s 

previous experience in dealing with smallholder farmers in the area and knowing the nature of 

information they would be comfortable sharing. As this study was limited by time and 

resources, it did not explore the intensity of use of improved fallows and biomass transfer; 

something that future studies may choose to investigate. Collecting data to measure rate and 

intensity of use of agroforestry technologies would require that researchers spend more time 

in the field and also have the right equipment to observe and measure parameters of interest 

for themselves without relying on farmer recall of information. That way would provide a 

proper account for intensity of land use. In addition, farmers do not keep production records, 

which make it difficult to base research findings on their past experiences. 

This study sought to improve understanding of the uptake of agroforestry among smallholder 

farmers in eastern Zambia. Therefore agroforestry activities were investigated to obtain data 

from smallholders. Although it was intended to study the five agroforestry technologies that 

have been developed and promoted in eastern Zambia namely improved fallows, biomass 

transfer, fodder banks, woodlots and domestication of indigenous fruit trees, this study 
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narrowed its horizon to the first two technologies upon realisation that less than five percent 

of farmers had trialled the latter three technologies. 

This study has investigated in detail the effect of extension factors on both trialling and 

adoption of improved fallows and biomass transfer technologies, as aspect that has not been 

considered in greater detail in previous adoption studies. The complimentary role that 

research and extension play in the trialling and adoption process cannot be overemphasised. 

In addition, this study aims to contribute to knowledge about adoption, and potentially modify 

Rogers‟ diffusion-adoption theory. Section 7.3 explores this in detail. 

7.2 Revisiting research questions, data collection and data 
analysis methods 

The general object of this study was to investigate the factors that influence uptake of 

agroforestry among the smallholder farmers in eastern Zambia. It was assumed at the outset of 

this study that adoption of agroforestry technologies was a function of profitability, extension 

and external factors. Three research questions were developed for this study: 1. Are 

agroforestry technologies profitable? 2. What effect do the different types of extension 

approaches have on adoption of agroforestry? 3. What are the effects of external factors on 

the adoption of agroforestry? However, research question 1on profitability has not been 

answered. Therefore, addressing research questions 2 and 3 provides a useful summary of the 

findings of the factors that are critical to the understanding of trialling and adoption of 

agroforestry technologies. 

7.2.1 Key findings of the research from both descriptive analysis and logistic 
regression models 

Both the trialling and adoption rates of agroforestry are low perhaps due to lack of 

demonstrable benefits to a wider population and also to a lack of intensive agroforestry 

extension. The results show that 44.9 percent of farmers had trialled improved fallow 

technology and 21.4 percent had trialled biomass transfers. This illustrates that it is not 

enough that a technology that addresses farmer needs has been developed but it also has to be 

adopted by a significant percentage of farmers in order to have impact. Another important 

finding was that despite the moderate trialling rates, retention rate among farmers who had 

trialled both improved fallows (73.6%) and biomass transfer  (89.3 %) was high, leading to 

the conclusion that farmers need be encouraged to trial agroforestry technologies if adoption 

rates are to be lifted. 
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The first research question was to assess whether agroforestry was profitable. It was intended 

to look at the profitability of agroforestry from the farmer-practice point of view. The 

intention was to compare agroforestry technologies with other agricultural activities that 

farmers practice so as to establish whether profitability influenced trialling and adopting 

agroforestry technologies. Some of the questions that farmers were required to answer include 

size of plots, labour input per plot cultivated, resource input and yield, types of crops grown 

and the number of days that were spent working each plot. Capturing such kind of data proved 

difficult in that farmers needed to have kept written records to facilitate this process. The data 

sought was greater than they could be expected to recall solely from memory. It was found 

that smallholder farmers‟ record keeping is almost non-existent. Personal experience has 

shown that even carefully designed data collection forms that are left with farmers rarely are 

completed as farmers are more interested in farming than documenting their activities. 

Typically, farmers were not able to separate maize they harvested from agroforestry plots 

from maize that they harvest from plots where they do not use any input or where they used 

other soil fertility improvement methods. When farmers have harvested their crop, they bulk 

store it in their barns. It was also difficult for farmers to separate labour used according to 

different technologies. These issues made it very difficult to collect reliable data that would 

provide a sound basis to answer the question on profitability of agroforestry innovations. 

Therefore, the study objective on profitability was not able to be addressed in this project. 

The second research question was to investigate the effect of the different types of extension 

approaches on adoption of agroforestry. Research question three addressed the effects of 

external factors on the adoption of agroforestry. The second and third research questions were 

addressed jointly using both descriptive analysis and logistic regressions. Apart from 

considering both external and extension factors, some of the farmer attributes were also 

considered since they were reported in other literature as having influenced adoption of 

agroforestry technologies in Zambia and elsewhere. Logistic regression models were run in 

four groups based on four dependent variables: trialling of improved fallows; adoption of 

improved fallows; trialling of biomass transfer; and adoption of biomass transfer. In order to 

estimate the effect of various factors on each dependent variable, a set of models were run 

with a set of independent variables according to the established groups: farm and farmers 

attributes; external factors and extension factors. Thereafter, regressions were run using 

variables selected from three sets to assess the most successful explanations. A separation of 

means was also conducted for extension approaches and extension agents respectively. 
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Important findings that emerged from the logistic regression approaches are reviewed here 

before drawing conclusions and making recommendations for future studies. The results of 

this study have shown that farmer decisions to trial and to subsequently adopt agroforestry 

technologies are influenced by a number of factors. Knowing the role of each of these factors 

in trialling and adoption of agroforestry is essential to successfully promoting agroforestry. 

To specifically answer research question two, factors related to extension are summarised 

here. Trialling of improved fallows was influenced by: having extension officers and 

researchers as the main source of agroforestry information and whether or not a farmer has 

been trained in how to practice agroforestry. The only extension factor that was found to 

influence adoption of improved fallows is number of visits a farmer makes to extension. 

Extension factors that were found to influence trialling of biomass transfer were: number of 

visits farmer makes to extension, number of visits extension makes to farmer, radio programs 

as main source of information, whether or not a farmer has been trained in how to practice 

agroforestry, and if farmer had been trained by researchers. Adoption of biomass transfer was 

not found to be influenced by any extension factors. 

Analysis of extension approaches using mean scores on a likert scale of „1 never‟ to „5 

always‟ reveal that no extension approach was found to be important in trialling or adoption 

of agroforestry technologies. Nearly all approaches had mean scores below 3 except for „peer 

pressure‟ and „if I see my neighbour do it‟, which had mean scores just above „4‟ and „3‟ 

respectively. An analysis of mean score for the different extension agents identified „own 

family‟ and „camp officers‟ as the most used agents by farmers. However, logistic regression 

results show that the involvement of researchers in extension does improve trialling of 

improved fallows. It was established that researchers did provide direct training to farmers 

and although they could only have contact with a limited proportion of the farming 

population, their contact seemed effective. 

The results also show that training in how to practice agroforestry technologies influenced 

trialling of both improved fallows and biomass transfers. In addition contact between farmers 

and extension workers was found to influence adoption of improved fallows and also trialling 

of biomass transfer. The results suggest that access to information through extension workers 

and researchers for improved fallows, and use of radio broadcasts for biomass transfer, are 

among the factors that contribute to higher trialling of improved fallows. Extension should 

therefore be strengthened to ensure that farmers‟ awareness of the benefits of agroforestry is 

increased as this would consequently lead to increased trialling and subsequently to increased 
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adoption of agroforestry technologies. Considering that most of the extension factors 

influence the decision to trial both improved fallows and biomass transfer, it is important that 

these factors are emphasised when designing extension programs. 

To answer research question three, external and internal factors are reviewed. For example 

trialling of improved fallows was found to be influenced by such factors as gender, farm club 

membership, size of farm, farming experience, income from sales of livestock, lack of skill, 

lack of seed, and lack of interest. Factors that were found to influence adoption of improved 

fallows include non-farm income, cultivation using a combined method of hand hoes and 

ploughs, land limitation, lack of seed and lack of interest. 

Internal and external factors that were found to influence trialling of biomass transfer were 

club membership, owning a garden, lack of seed, and lack of knowledge. Adoption of 

biomass transfer was influenced only by three factors: household yearly income, lack of seed 

and lack of interest. 

The availability of seed was a dominant factor across the four dependent variables: trialling of 

improved fallows; adoption of improved fallows; trialling of biomass transfer; and adoption 

of improved fallows. Availability of seed affected both trialling and adoption of improved 

fallows and biomass transfers. Introduction of both these technologies depend on establishing 

short duration leguminous tree species that researchers have found suitable for providing 

nitrogen and other soil nutrients. Efforts by both research and extension workers to ensure that 

seed of recommended tree species become available within the communities have not been 

without challenges. First, community-based seed orchards were introduced but these did not 

come to fruition. Small seed orchards were established at farmer training centres but the 

production capacities of these is not sufficient to supply the quantities of seed that are 

required by all the farmers. In addition, there was an artificial seed market that was created by 

ICRAF and NGOs when they started purchasing seed from farmers in order that they could 

diffuse the technology to new areas. However this shifted the objective of growing trees from 

soil fertility replenishment to income generation and therefore led to frustration of later 

farmers who could not find market once their seed became mature. The other problem faced 

by farmers is that of proper storage for seed. Most seed becomes unviable after some time if 

there is a lack of proper storage facilities. Farmers in the rural areas store seed in their home 

or barns outside, where temperatures and pests are difficult to control and hence they end up 

losing most of the seed before it is required for sowing. Seed availability is also affected by 

these unreliable storage facilities. In addition, incidences of pests have led to some of the 

recommended agroforestry species not being produced in large numbers and hence seed 
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production is affected. Every year therefore, farmers have to wait for outside help with seed 

provision in order to consider establishing an agroforestry plot, and yet most of the time this 

help comes late and in small supply. Therefore, although farmer attributes might be 

influencing agroforestry trialling and adoption, there are also great outside influences in 

relation to seed that need to be considered. As this issue goes beyond farmers, there is need 

for policy intervention to mandate certain institutions to ensure that seed is made available for 

farmers to use. 

Farmer interest was the next most common factor influencing trialling and adoption of 

agroforestry technologies. Interest was significant for all dependent variables except with 

trialling of biomass transfers. There are many factors that contribute to development of 

interest in something. Apart from the potential impact of agroforestry technologies, farmers 

are faced with life challenges that might be either slowing or preventing them from deciding 

on use of agroforestry technologies. 

Although agroforestry technologies are said to be knowledge intensive, this variable was not 

influential except in the case of trialling biomass transfer. In addition, club membership was 

found to be influencing trialling of both improved fallows and biomass transfer. However this 

variable is not significant when extension variables were introduced in the logistic models. It 

could imply that when extension is active, the role of clubs is overshadowed. However, it also 

demonstrates that in the absence of extension, clubs might be playing a significant role in 

information dissemination, hence the importance of membership in farmer clubs for trialling 

of agroforestry technologies. 

Implications of findings to agroforestry development 

Findings suggest that low trialling rates can be improved through ensuring careful 

implementation of extension programs. With high trialling rates, adoption of agroforestry is 

likely to increase. The evidence provided by the results suggest that with seed being made 

available to farmers, offering training on how to practice these technologies and exposing 

farmers to success stories of where these technologies have demonstrable effects would 

increase the rate of trialling. Training can improve the odds of successfully implementing 

agroforestry. Farmers who are willing to participate in agroforestry can initially be identified 

and allowed to participate in demonstrations, trainings and field days. They can also be 

involved in training other new adopters. An interesting finding is that the involvement of 

researchers in agroforestry extension can influence trialling of agroforestry technologies. This 

goes to show that farmers trust information when it is passed on from technocrats. Therefore 
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empowering local level extension workers is important so they can promote agroforestry with 

confidence and that this would motivate more farmers to participate. Extension need to work 

closely with the farmers in order to improve their confidence with agroforestry. This is an 

important component of the development process. 

The implications of these findings are that institutions mandated with research and 

developments of agroforestry have roles to play in ensuring that agroforestry is promoted and 

that users realise the impact of practicing it. High rates of adoption and increased impact of 

agroforestry could however be achieved if agroforestry became part of the priorities of the 

Ministry of Agriculture and Cooperatives (MACO) and funding was extended beyond 

research to include support for extension activities through the national budgetary system. In 

order for agroforestry technologies to be adopted widely by farmers, the Ministry of 

Agriculture need to invest in both research and extension of agroforestry through support for 

agroforestry training at all levels, provision of seed and incentives to farmers that would 

motivate farmers to invest in agroforestry. If agroforestry is to succeed, there must be 

investment in capacity building. Proper training of extension workers in order to provide them 

with current and accurate information on recommendations of agroforestry would benefit 

adoption of agroforestry technologies. 

Farmer‟s reasons for not trialling or adopting agroforestry technologies were varied at the 

individual level. Statistical analyses may have over-shadowed some of these reasons but I am 

sure the descriptive analyses shed light on some them. A qualitative study that allows the 

researcher to live within the study area and observe for themselves would be ideal to further 

investigate these aspects that statistical analyses over-shadow. Due to the way that some of 

the questions were phrased in the survey, some of the variables may have provided limited 

insight in answering the research questions set out in the study. 

7.3 Relating research findings to the adoption and diffusion theory 

This section is intended to highlight areas where this study has contributed to adoption theory 

or where differences with current theory have been observed. First, it should be mentioned 

that the adoption process seems complex which is perhaps why several adoption models have 

been developed. However this study considered two of them in particular: the adoption - 

diffusion model (Rogers, 2003) and the technology adoption model (Davis, 1989). 
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7.3.1 Adoption-diffusion model 

The diffusion of innovations is a social process in which information about a new idea, 

innovation or technology is communicated from person to person (Rogers, 2003). Section 

2.6.2.1 presented five variables, each of which is a group of important factors that influence 

the rate of adoption of an innovation: perceived attributes of the innovation; type of 

innovation decisions; communication channels; the nature of social system; and the extent of 

change agents‟ efforts in promoting the use of the innovation (Rogers, 2003). 

Section 2.6.2.1 has reviewed the limitations of the adoption-diffusion model. Despite those 

limitations, I commend Rogers for providing a valuable model as a basis for adoption and 

diffusion studies. The model is comprehensive and including the attribute of „re-invention‟ to 

the „perceived attributes of the innovation‟ variable, as Rogers (2003) suggests, is 

commendable for agroforestry trialling and adoption. However, it would not be practical to 

cover all the aspects that are proposed in that model in one study. The model does not 

specifically account for farmer or farm variables, and I would agree with Rolings (1988) that 

these need attention especially in the context of our study area where these variables are so 

diverse. I also suggest that the „type of adoption decision‟ variable be considered together 

with the „nature of the social system. I suggest this because decisions are made in most 

communities based on the existing social system and social networking plays a role in these 

situations. When Rogers looked at the types of innovation decisions and categorised them into 

three: optional; collective; and authority, it would appear that he was looking more from the 

perspective of the way institutions or organizations made decisions. In the case of smallholder 

farmer situations, decisions are usually individual except perhaps in the case where NGOs 

decide that project beneficiaries also implement a certain type of agricultural practice. The 

latter case usually leads to discontinuance after the end of NGO support. NGO and 

government decisions imposed on farmers would be good examples of authority innovation-

decisions. In the case of the collective innovation decisions, farmer clubs and cooperatives 

would be good examples. I suppose Rogers was basing his categorisation on the existing 

structures in the developed world, most of which would be different setups to those existing in 

most developing countries. 

Therefore, if individual farmer attributes are considered as part of the model, they could cater 

for the optional innovation-decision since they could not be considered in isolation from 

farmer situations. And both the collective and authority innovation-decision types would 

make sense to study in tandem with the nature of the social system. Figure 7-1 illustrates the 

proposed groups based on the findings of this study. 
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Figure 7-1: Modification of groupings for factors determining the rate of adoption of 

innovations 

 

7.3.2 Technology Adoption Model 

This study did not use the TAM as was described by Davies (1989) but it adapted some TAM 

questions to solicit perceptions of farmers on the perceived usefulness and perceived ease of 

use of agroforestry technologies. Adapting a question from a likert scale to a „yes‟ and „no‟ 

answer format may have limited measurement of the attributes. However, farmers were able 

to assess the technologies based on how they have experienced them. 

After critical analysis of the TAM, it was observed that this model drew on Rogers‟ perceived 

attributes of innovation. When investigating the variable „perceived attributes of the 

innovation‟, we could draw a list of constructs that could then be used to test the TAM 

empirically. The attributes suggested by the TAM seemed in parallel with the five attributes 

that Rogers has proposed. For example, „ease of use‟ is similar to complexity. Therefore, use 
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of TAM does not have a comparative advantage to the classic adoption-diffusion model and 

would therefore not be recommended for use independent of it. The advantage of the TAM 

however is the detailed manner in which each construct is scaled. It would provide a lead on 

how best to measure individual constructs for each attribute of the innovations. I would 

recommend using the original scaling as did Flett et al. (2004) when they studied acceptance 

of technology in diary farming in New Zealand rather than the „yes‟ and „no‟ answers as used 

in this study. Doing so would provide better insight on perception of technology by users. 

7.4 Contributions of this research 

This research has provided a basis for similar studies in the future. In accomplishing the 

research objectives, this study contributes significantly to our understanding of the 

agroforestry adoption process. It documents types of agroforestry technologies that are 

available to smallholder farmers, which if farmers adopted them, would make significant 

improvements to farm livelihoods. 

Previous studies on adoption have concentrated on improved fallows, but this study extended 

knowledge by looking at biomass transfer and also fodder banks, woodlots and domestication 

of indigenous fruit trees. Although the statistical analysis for the latter three technologies did 

not go beyond descriptive statistics, this study has recorded the extent of practice of these 

technologies within the study area that can act as a basis for future studies as well as 

development programs. 

This study adds knowledge on trialling and adoption of biomass transfer as well as 

contributing to the literature on technology adoption. It provides insights on the adoption 

levels in the study area as well as contributing to understanding of trialling and adoption of 

improved fallows, which have been studied before. In addition, the study contributes to the 

body of knowledge on the influence of extension on trialling and adoption of agroforestry. 

Extension variables have in the past been rarely if ever considered. This study has identified 

various factors that may result in low trialling and adoption rates. If these factors are 

addressed at the technology diffusion planning stage, that would improve uptake of 

agroforestry technologies. 

The study also provides a methodology that can be used to analyse factors that influence 

trialling and adoption, not only for agroforestry technologies but other agricultural and natural 

resource management technologies. The study might also provide guidance about data 

collection in rural communities by identifying factors to include in future studies. 
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The findings of this study have potential to assist extension, research and other organisations 

involved with agroforestry development to prioritise their work based on the circumstance 

and needs of the farmers, as doing so would improve the adoption of agroforestry 

technologies, and especially mainstreaming it alongside other agricultural technologies. 

7.5 Recommendations and suggestions for future research 

Although this study has produced a range of information about agroforestry trialling and 

adoption, it has in the process also revealed opportunities for future research. 

Future research is needed to focus on intensity of adoption of agroforestry technologies. It is 

recommended that a study such as this one be done in two phases; with the first stage 

focussed on categorisation of farmers into different adoption groups and the second stage 

would then target only farmers that have adopted agroforestry technologies. That way would 

enable application of double-hurdle models that include assessment of the intensity of use of 

these technologies. Assessment of intensity of use would also facilitate evaluation of the 

impact of agroforestry on farmer livelihoods. This would enable researchers and extensionists 

to establish the advantages of agroforestry in smallholder farming. It would have been useful 

to have a smaller sample and investigate the intensity of adoption among the farmers who 

have indicated that they have adopted both improved fallows and biomass transfer. I realised 

through my research process that only one such study has been done among smallholder 

farmers in Zambia. It will be a useful aspect to consider in future research. 

As this study was undertaken only in eastern Zambia, I would like to propose similar studies 

in areas beyond the study districts and also beyond Eastern Province to provinces where 

NGOs have been promoting agroforestry. Such studies would allow for comparisons between 

regions, and might also help to explain some of the issues that might not be clearly evident in 

a study from one region. 

The data for this study was only gathered from farmers. However a study that also gathers 

data from public extension workers and NGO extension agents would be useful for checking 

if those perspectives provide contrasting results. 

A further evaluation of extension approaches and agents is also proposed as this would help to 

establish the best ways for fostering trialling and adoption of agroforestry technologies. One 

potential question would be to ask „What factors could promoters of adoption employ in order 

to increase rates of adoption?‟ 
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Studying profitability of agroforestry technologies from the farmer context proved difficult 

within the time frame that was available, and coupled with the non-availability of farmer 

records, it was not possible to obtain adequate data on profitability. I therefore propose a 

study that digs deeper into profitability whereby the researcher will need to sit and work with 

the farmers to obtain adequate data. 

If adoption of agroforestry is to succeed, there has to be a deliberate seed multiplication 

program or establishment of reliable seed sources. Following the finding by Kiptot et al. 

(2006) that most of the first generation farmers do not plant tree seeds and also our finding 

that lack of seed influences both trialling and adoption, this study recommends further 

investigation of seed availability. Documentation is needed on what happens in Zambia to the 

seed when it is distributed free to the farmers and to establish how this affects the adoption 

process. 

Another important aspect that deserves further research would be investigation of the actual 

messages that extension shares with farmers and the nature of training done by different 

training agents in order to establish its contribution to increasing farmer knowledge and skill 

in the practice of agroforestry. 

Capacity building for extension workers and other government officials that can ensure 

agroforestry adoption is important. The limited technical expertise and facilitation skills of 

technicians and the lack of internalisation of agroforestry goals among public officials 

undermine the potential of agroforestry at local levels. It is suggested that capacity building 

continues so as to improve technical skills, develop positive attitudes, provide motivation, and 

develop commitment among agricultural officials and farmers. 

Agroforestry research has focused on maize crops as an after-effects crop. Perhaps this 

research should be extended to other cash and food crops that improve farmer livelihoods. In 

years of drought, maize does not do very well and if that is the first time a farmer is waiting to 

see the after-effects of the improved fallow, they would be discouraged. However if other 

crops were tried, some respond better to less rain and might still be able to demonstrate the 

benefits of improved fallows without waiting an extra year to do so. This I propose, bearing in 

mind that ICRAF is already exploring research with high value crops such as paprika, garlic, 

ginger and other vegetable. It would be however best to intensify this research on-farm within 

the beneficiary communities. 

This research is crucial for designing policies aimed at encouraging farmers to move towards 

increased agricultural production using sustainable and effective land improvement 
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techniques. In order for agroforestry technologies to be trialled and adopted within the study 

area as well as beyond, strategies need to be established and the government needs to be 

committed to such efforts. Analysis is necessary of national policies that support or have 

potential to encourage use of agroforestry. Broader policies that support such initiatives are 

needed if high adoption levels are to be achieved. More importantly, agricultural policy needs 

to recognise the contribution of agroforestry to addressing farmer livelihoods and ensure 

agroforestry is a part of the agriculture agenda for improving land productivity. Agroforestry 

can be considered as one of the exit strategies for fertilizer support programs whereby the 

government subsidises fertilisers for resource-poor farmers. 

The study generally revealed a low level of trialling and adoption of agroforestry 

technologies. The key policy implication of this study is the necessity to embark on educating 

farmers so that they can get to trial and subsequently experience the impact of agroforestry 

technologies. However doing so requires more technical intervention as well as financial 

commitments by institutions whose mandates require them to do so. More importantly it 

might be good for the country to attain the political will to act positively. 

It is my sincere hope that the findings of this research will contribute to the understanding of 

agroforestry extension, trialling and adoption among stakeholders in Zambia and other 

developing countries where agroforestry is researched and practiced. 
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     Appendix A 

Cover letter 

 

 

 

 

 

 

 

14
th

 April 2008 

 

 

Dear Participant, 

 
UPTAKE OF AGROFORESTRY AMONG SMALLHOLDER FARMERS IN ZAMBIA 

HOUSEHOLD SURVEY QUESTIONNAIRE 

 

I am visiting your household today because you have been chosen to participate in the survey 

being undertaken as part of my graduate study at Lincoln University. I would be grateful if 

you spared 30 to 45 minutes of your time to answer some questions. I will fill in your replies 

in the questionnaire. 

Your participation in this survey is voluntary. You may at any time withdraw your 

participation, including withdrawal of any information you have provided.  If you complete 

the questionnaire, however, it will be understood that you have consented to participate in the 

project and consent to publication of the results of the project with the understanding that 

anonymity will be preserved. 

The aim of the project is to investigate various factors that could be affecting agroforestry 

adoption among smallholder farmers in Zambia, and to develop predictive models of farmers‟ 

adoption of new technologies. The result of the study will contribute to create a better 

understanding of factors that limit adoption of agroforestry technologies and to strengthen the 

planning, designing and implementation of agroforestry programs in order to enhance uptake 

for improved contribution to both income and livelihood securities. The information will also 

be used to inform government policy about factors that need to be addressed to ensure that 

agroforestry benefits you. 

The questionnaire is anonymous, and all data collected by this form will remain confidential. 

The information in this survey will only be known by me and my two academic supervisors. 

The data will be grouped during analysis and only combined data will be published, and the 

results for very small groups will either not be published or be combined with other groups.  
 

This research has been approved by the Lincoln University Human Ethics committee. It is 

being carried out as a requirement for a degree of Doctor of Philosophy in Forestry 

L I N C O L N  

U N I V E R S I T Y  
 

T e  W h a r e  W a n a k a  O  A o r a k i  

Commerce Division 

PO Box 84 

Lincoln University 

Canterbury 

New Zealand 
Telephone:   

(64)(3) 325 3838 Extn 8193 
Fax:   

(64)(3) 325 3847 

Email:   
BIGSBYH@LINCOLN.AC.NZ 
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undertaken by myself under the academic supervision of Dr. Hugh Bigsby and Professor Ross 

Cullen. My supervisors‟ contact details are as follows: 

 

 

Dr Hugh Bigsby,      Professor Ross Cullen 

Lincoln University,     Lincoln University, 

Commerce Division,     Commerce Division, 

P.O. Box 84,      P.O. Box 84, 

Lincoln 7647,      Lincoln 7647, 

Canterbury,      Canterbury, 

New Zealand.      New Zealand, 

Phone: +64-3-325-3838 ext. 8193   Phone: +64-3-325-3807 

Fax +64-3-325-3847     Fax: +64-3-325-3847 

Email: bigsbyh@lincoln.ac.nz   Email: cullenr@lincoln.ac.nz 

 

Sincerely yours, 

 

 

 

Gillian Kabwe 

Lincoln University, 

Commerce Division, 

P.O. Box 84, 

Lincoln 7647 

New Zealand 

Phone: +64-3-325-3838 ext. 8366 

Email: kabweg@lincoln.ac.nz 
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     Appendix B 

Consent forms 

 

14
th

 April 2008 

 

 

CONSENT FORM FOR PARTICIPANT 

 

Name of Project: Uptake of agroforestry among smallholder farmers in Zambia 
 

I have read and understood the description of the above-named project.  On this basis I agree 

to participate as a subject in the project, and I consent to publication of the results of the 

project with the understanding that anonymity will be preserved.  I understand also that I may 

at any time withdraw from the project, including withdrawal of any information I have 

provided. 

 

 

 

 

Name: ________________________________________ 

 

Signature: ____________________________________ Date: _________________ 

 

 

14
th

 April 2008 

 

 

CONSENT FORM FOR RESEARCHER 

 

 

Name of Project: Uptake of agroforestry among smallholder farmers in Zambia 
 

I have fully explained the details about the above named project to the participant. The 

participant understood the nature and purpose of the above-named project. The participant is 

unable to read or write in English and has therefore verbally agreed to participate as a subject 

in the project and also consented to publication of the results of the project with the 

understanding that anonymity will be preserved. The participant also understands that s/he can 

withdraw at any time from the project, including withdrawal of any information they have 

provided. 

 

 

Name: ________________________________________ 

 

Signature: ____________________________________ Date: _________________ 

 

 



 187 

     Appendix C 

Questionnaire 

UPTAKE OF AGROFORESTRY AMONG SMALLHOLDER FARMERS IN ZAMBIA 

A HOUSEHOLD SURVEY QUESTIONNAIRE 

 

This questionnaire is for collecting data tailored to investigate the uptake of agroforestry 

among smallholder farmers in Zambia. The results will be used for postgraduate research 

study purposes only. You are requested to answer all the questions. The interviewer will tick 

the box where it is provided or fill in the space provided, based on the feedback obtained from 

you. 

Over the last 20 years, agroforestry research has been undertaken at research centres as well 

as on the farmers‟ fields to try and address challenges to smallholder farming. These include 

low soil fertility, which leads to low crop production; lack of feed for domestic animals, 

especially during the dry period; lack of fuelwood to meet household energy needs, and lack 

of cash to meet costs for basic households needs. Research findings have revealed 

agroforestry‟s potential to increase agricultural production, as well as improve environmental 

benefits to the farm. Alongside the agroforestry research process was a deliberate extension 

program to promote agroforestry. 

However, very few smallholder farmers are said to have adopted agroforestry techniques. 

Reasons for low adoption remain unknown. This study will investigate the reasons for low 

adoption. 

In order to investigate adoption, the study will particularly look at the relative profitability of 

agroforestry systems compared to other cropping systems, the way in which agroforestry 

technologies have been packaged and presented to farmers, and wider external factors such as 

land tenure, that might influence adoption of agroforestry. Should my research establish the 

causal effects to adoption, be it those internal to farmers or external, such as supportive 

agricultural and natural resource policies, or limitations in extension support, these will be 

communicated to institutions that are responsible for overseeing interventions so that they 

could address them. It is also expected that the study results would lead to increased adoption 

and subsequently uplift smallholder farmer livelihoods. 

Questionnaire No.      Date of interview           /          /2008 

 

Enumerator   Name_____________________________________________________ 

Supervisor  Name___________________________________________________ 

Province  Name _____________________________________________________ 

District   Name _____________________________________________________ 

Camp    Name _____________________________________________________ 

Village   Name _____________________________________________________ 

Interview start time: Time. _____________________________________________________ 

Interview end time: Time ______________________________________________________ 

Position of respondent in household: _________________________________________________ 
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3. What are the benefits of being a member of the farmer club/group? (Mark all that apply and then rank in 

order of importance) 

 

Access farming input loans 
 

Access to agricultural training and skills  

Income generation 
 

Access to marketing services 
 

Others (specify) _____________________________  

Advisory services 
 

Benefit  Rank 

t  

COMMUNITY ORGANISATIONS MEMBERSHIP 

 

1. Do you belong to a farmers’ club/group? (Farmers’ clubs or groups constitute small proportions of 

members of the community for the purpose of sharing skills and knowledge on different aspects). 

 

Yes 
 

 
No 

2. What is the name of the club and how long have you been a member? 

 Name of club Farmers Other types Years of membership 

 

 

 

 

 

 

 

 

 

 

4f. Distance of grazing area 

from pen in minutes 

 

4e. Length of tenure 

 
Years 

4c. Walking distance from 
house to pens in minutes 

4a. How many animals do you own? 

4b. Are animals kept in 
enclosures? 

LIVESTOCK OWNERSHIP 

4. What type of animals do you own and how many of each type? 

 Chicken Pigs Cattle Goats Other 

(specify) 

During cropping 

Night time only 

Never 
Others (specify) 

Throughout year 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other (specify) 

4d. Tenure of grazing area 

Communal 

Own farm land 

Not applicable 
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Yearly 

Weekly 

4i. How often do you sell 

your livestock? Never 

Daily  

Monthly 

Annually  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Others  specify 

4h. Gender of livestock carer  

Male adult 

Female adult 
Male children 

Female children 

4g. Number of hours per person 

per day caring for livestock 

January to March 

April to June 
July to September 

October to December 

Chicken Pigs Cattle Goats Other Specify 

(specify) 

4j. Yearly income from 

livestock sales 
In Kwacha 

Manure 

4k. Purposes of keeping 

livestock (Mark all 

that apply) 
Sale 

Home consumption 

Social roles (Dowry, 

Ceremonies) 

Risk Management 

Others (specify) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HOUSEHOLD DECISION MAKING 

Male 

 

5. Who in your household makes decisions on the 

following farm activities? (Mark one in each row) Female 

Maize for sale 

Maize for home consumption 

Cash crop (tobacco, cotton, soy beans) 

Vegetables 

Fruit trees 
Fodder trees and grasses 

Soil fertility trees 

Woodlot establishment 

Change of land use 

Shared 
Not 

applicable 

Use of inorganic fertiliser 

Labour recruitment  

Other (specify) 
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8. To what extent do the following influence your decisions to use new agricultural 

technologies? (Mark one in each row) 

 

Other (specify) 

Peer pressure 

If I see my neighbours do it 

Participation in agricultural training/workshop/seminar 

Attending a field day 

Village demonstration plots 

Participating in an exchange visit/tour 

If someone comes to give me advise 

Emphasis by local extension agent 

Incentives provided by promoting agent 

Visit to research station 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Always  Often  Sometime

s  
Rare  Never  

 

6. Which of the following is the most important in helping you to decide what new technologies you 

use on your farm? (Mark only one) 

Friends 

Camp officer/Agricultural extension 

Village headman 

Farmer group 

Neighbours 

Researchers 

 

 

 

 

 

 
Other (specify) 

Farmer researchers 

Farmer trainers 

Own family 

 

 
 

Extended family 
 

 

7. To what extent do you involve the following in making decisions about farming 

activities? (Mark one in each row) 

Friends 

Camp officer/Agricultural extension 

Village headman 

Farmer group 

Neighbours 

Researchers 

Farmer researchers 

Farmer trainers 

Own family 

Extended family 

Other (specify) 

Always 

 
Sometimes Often Rarely Never 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Lima 

Hectare 

Acre 

9a. Area of plot 

Upland fields 

9. How much land do you farm? 

Plot 1 Plot 2 Plot 3 

 
Plot 4 

 
Plot 5 

 

(specif

y) 

9b. Year started cropping plot 

LAND OWNERSHIP 
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Owned 

Rented 

9e. Ownership 

 
 

 
 

 
 

 
 

 
 

9f. Length of tenure (years) 

9g. Soil fertility status 

Poor  

Good  

Fair  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9d. Walking time from village to 

plot in minutes 

Grazing area 

9c. What was the field 

before you started 

cropping it? 
Woodland 

Grassland 

Parents’ field 

Others (specify) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Upland fields Plot 1 Plot 2 Plot 3 

 
Plot 4 

 
Plot 5 

 

(specif

y) 

9h. Main crop grown (2007/08) 

 
9i. Amount harvested (kilograms) 

9j. Another crop grown (2007/08) 

9k. Amount harvested (kilograms) 

9m. Amount harvested (kilograms) 

9l. Another crop grown (2007/08) 

2000/2001 

9n. Previous main 

crops 

2005/2006 

2004/2005 

2003/2004 

2002/2003 

2001/2002 

9o. Number of days 

ploughing plot 

9p. Number of hours 

per person per 

day 

9r. Number of days 

planting plot 

9s. Number of hours 

per person per 

day 

2006/2007 

Female family 

 

9q. Number of people 

ploughing plot Male family 

Male hired 

 Female hired 

 Children 
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Wetland gardens 

10. How much garden land do you farm? 

9aa. Method of cultivation 

Tractor ploughs 

Hand-hoeing 

Ox-drawn ploughs 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9u. Number of days 

weeding plot 

9v. Number of hours 

per person per 

day 

9x. Number of days 

harvesting plot 

9y. Number of hours 

per person per 

day 

Upland fields Plot 1 Plot 2 Plot 3 

 
Plot 4 

 
Plot 5 

 

(specif

y) 

Hectare 

Lima 

Acre 

10a. Area of plot 

10b. Year started cropping 

10d. Walking time from 

village in minutes 

Owned 

Rented 

10e. Ownership 

 
 

 
 

 
 

 
 

 
 

Female family 

 

9t. Number of people 

planting plot Male family 

Male hired 

 Female hired 

 Children 

 

Female family 

 

9w. Number of 

people weeding 

plot 

 

Male family 

Male hired 

 Female hired 

 Children 

 

Female family 

 

9z. Number of people 

harvesting plot Male family 

Male hired 

 Female hired 

 Children 
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Plot 1 Plot 2 Plot 3 

 
Plot 4 

 
Plot 5 

 

(specif

y) 

10f. Length of tenure (years) 

10g. Status of soil 

fertility 

Poor 

Good 

Fair 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wetland gardens 

10u. Number of days 

weeding plot 

10v. Number of 

hours per person 

per day 

10h. Main crop grown (2007/08) 

 
10i. Amount harvested 
(kilograms) 10j. Another crop grown (2007/08) 

10k. Amount harvested 

(kilograms) 

10m. Amount harvested (kilograms) 

10l. Another crop grown (2007/08) 

2000/2001 

10o. Number of days 

ploughing plot 

10p. Number of 

hours per person 

per day 

Female family 

 

10q. Number of 

people ploughing 

plot 
Male family 

Male hired 

 Female hired 

 Children 

 
10r. Number of days 

planting plot 

10s. Number of hours 

per person per 

day 

10n. Previous main 

crops 

2005/2006 

2004/2005 

2003/2004 

2002/2003 

2001/2002 

2006/2007 

Female family 

 

Male family 

Male hired 

 Female hired 

 Children 

 

10t. Number of people 

planting plot 
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11g. Quantity harvested 

Low 

High 

Medium 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10aa. Method of cultivation 

Tractor ploughs 

Hand-hoeing 

Ox-drawn ploughs 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plot 1 Plot 2 Plot 3 

 
Plot 4 

 
Plot 5 

 

(specif

y) 

Wetland gardens 

10x. Number of days 

harvesting plot 

10y. Number of 

hours per person 

per day 

M
2 11a. Area of pond 

Fish ponds 

11. How many fish ponds do you have? 

Pond 1 Pond 2 

 
Pond 3 

 
Pond 4 

 
Pond 5 

 

(specif

y) 

11b. Year started fish farming 

11c. Walking time from village to 

pond in minutes 

Owned 

Rented 

11d. Ownership 

 
 

 
 

 
 

 
 

 
 

11e. Length of tenure (years) 

11f. Purpose for fish farming 

Experiment  

Home consumption 

Sale 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demonstration 
     

Other (specify) 

Female family 

 

10z. Number of 

people ploughing 

plot 
Male family 

Male hired 

 Female hired 

 Children 

 

Female family 

 

10w. Number of people 

weeding plot Male family 

Male hired 

 Female hired 

 Children 
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11h. Type of fish 

 

 
11i. Amount harvested per year 

(kilograms) 

11l. Feed expenses 

 

12. Are you allowed to cut trees on land you own? 
 Yes 

No 
 

 

13. If no, why is this so? 

you own? 
 

14. Are there any laws that restrict you from selling or buying land? 

 Yes 

No 
 

 

15. If yes, what are these restrictions? 

you own? 
 

11k. Type of feed 

 

 

Pond 1 Pond 2 Pond 3 

 
Pond 4 

 
Pond 5 

 

(specif

y) 

Fish ponds 

16. Have you ever experienced problems in relation to land ownership? 

 No 

 Yes 
 

 

18. Are there existing by-laws that protect farmers’ tree fields in the dry season from? 

 Yes 

  
  

No 

 

Being set on fire 
Being grazed or trampled 

17. If yes, what problems are these? 

 

17. If yes, what are problems these? 

you own? 
 

11m. Previous land 

use 

2005/2006 

2004/2005 

2003/2004 

2002/2003 

2001/2002 

2006/2007 

Female family 

 

Male family 

Male hired 

 Female hired 

 Children 

 

11j. Number of people 

working per pond 
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19. Are there restrictions on how you use rented land? 

 No 

 Yes 
 

 

21. Are you allowed to plant trees on rented land? 

 Yes 

 No 
 

 

23. Are you allowed to cut trees on rented land? 

 from? 

 
Yes 

  
  

No 

 

Planted by owner 
Planted by renter 

20. If yes, what restrictions are these? 

 

17. If yes, what are problems these? 

you own? 
 

22. If no, why are you not allowed to plant trees on rented land? 

 

17. If yes, what are problems these? 

you own? 
 

USE AND ACCEPTABILITY OF AGRICULTURAL TECHNOLOGIES 

 

24. What are your objectives for farming? (If more than one answer, then rank in order of importance – 1 

ranks most important) 

 

To feed the family 
 

 
To feed animals 

 Other (specify) 

 
To make money 

Farming objective (tick) 

 
Rank in order of importance (1-4) 

25. What methods of soil fertility improvement do you use to improve farm production? (Mark one 

for each row) 

 
Method for soil fertility 

improvement 

 

 

 

 

 

 

 

 

Conservation farming 

Inorganic  fertiliser 

Green manure 

Improved fallows 

Biomass transfer 

Animal manure 

Compost manure 

Other (specify) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Always  Often  Sometimes  Rarely  Never  



 

1
9
7 

 

 

26. What new agricultural technologies have you adopted in the last 10 years? 

Name of 

technology 

Year started 

using 
Number of years 

farmer consistently 

used 

Does it increase 

production compared to 

previous farming 

practice? 

Is the technology 

helping you to 

increase income? 

Does this 

technology enable 

you to have time 

to do other things? 

Is it easy to 

learn and 

understand? 

Is it easy to 

use? 

Have you received 

training on how to 

use? 

Conservation 

farming 

Integrated pest 

management 

Improved fallows 

Biomass transfer 

Woodlots 

Fodder banks 

Indigenous fruits 

Fertiliser use 

 Composting 

 Other (specify) 

Yes No 

  

  

  

  

  

  

  

  

  

  

Yes No 

  

  

  

  

  

  

  

  

  

  

Yes No 

  

  

  

  

  

  

  

  

  

  

Yes No 

  

  

  

  

  

  

  

  

  

  

Yes No 

  

  

  

  

  

  

  

  

  

  

Yes No 
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31f. Did it work in 

subsequent time 

AGROFORESTRY PRACTICE 

 
27. Have you heard about agroforestry technologies? 

 No 

 Yes 
 

 

28. If yes, in which year did you first learn about agroforestry?  

29. From whom did you first learn about agroforestry?  

Agricultural Extension Officer 

Researchers 

Farmer trainer 

Radio programme 

Neighbour 

Booklets/brochure

s/posters 

Fellow farmer 
 

 

 

 

 

 

 

 
Other (specify) 

 

 

 

 

 

 

 

 

From whom first 

learnt (Mark only 

one incolumn) 

From whom learnt 

(Mark all that apply 

incolumn) 

30. Have you tried improved fallows before? 

No 

 Yes 
 

 

31. If yes, fill in the table below. 

 
Improved fallow Species 1 Species 2 Species 3 

31a. Name of species 

planted 

 

Yes 
 

No 
 

31d. Did it work the first 

time you planted it 
Yes 

 
No 

 Yes 
 

No 
 

31b. Why did you plant 

this species? 

31c. Cost involved in 

establishing and 

managing it 
 

31e. If it did not work 

first time, what was 

the problem? 

Yes 
 

No 
 Yes 

 
No 

 Yes 
 

No 
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31g. If it did not work 

subsequent time, 

what was the 

problem? 

Improved fallow Species 1 Species 2 Species 3 

Yes 
 

No 
 

31h. Did you continue using 

it? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

31i. Were you trained on 

how to use it? Yes 
 

No 
 Yes 

 
No 

 

Yes 
 

No 
 

31j. Did you modify it from 

what you were taught? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

31k. Was it difficult to grow 

it? Yes 
 

No 
 Yes 

 
No 

 

32. Have you tried biomass transfer before? 

No 

 Yes 
 

 

33. If yes, fill in the table below. 

 
Biomass transfer Species 1 Species 2 Species 3 

33a. Name of species 

planted 

Yes 
 

No 
 

33d. Did it work the first 

time you planted it 
Yes 

 
No 

 Yes 
 

No 
 

33b. Why did you plant 

this species? 

33c. Cost involved in 

establishing and 

managing it 
 

33e. If it did not work 

first time, what was 

the problem? 

Yes 
 

No 
 

33f. Did it work in 

subsequent time 
Yes 

 
No 

 Yes 
 

No 
 

33g. If it did not work 

subsequent time, 

what was the 

problem? 
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33k. Was it difficult to grow 

it? 

Yes 
 

No 
 

33h. Did you continue using 

it? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

33i. Were you trained on 

how to use it? Yes 
 

No 
 Yes 

 
No 

 

Yes 
 

No 
 

33j. Did you modify it from 

what you were taught? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

Yes 
 

No 
 Yes 

 
No 

 

Biomass transfer Species 1 Species 2 Species 3 

34. Have you tried fodder banks before? 

No 

 Yes 
 

 

35. If yes, fill in the table below. 

 
Fodder banks Species 1 Species 2 Species 3 

35a. Name of species 

planted 

Yes 
 

No 
 

35d. Did it work the first 

time you planted it 
Yes 

 
No 

 Yes 
 

No 
 

35b. Why did you plant 

this species? 

35c. Cost involved in 

establishing and 

managing it 
 

35e. If it did not work 

first time, what was 

the problem? 

Yes 
 

No 
 

35f. Did it work in 

subsequent time 
Yes 

 
No 

 Yes 
 

No 
 

35g. If it did not work 

subsequent time, 

what was the 

problem? 

Yes 
 

No 
 

35h. Did you continue using 

it? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

35i. Were you trained on 

how to use it? Yes 
 

No 
 Yes 

 
No 

 

Yes 
 

No 
 

35j. Did you modify it from 

what you were taught? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

Yes 
 

No 
 Yes 

 
No 

 
35k. Was it difficult to grow 

it? 
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36. Have you tried woodlots before? 

No 

 Yes 
 

 

37. If yes, fill in the table below. 

 
Species 1 Species 2 Species 3 

37a. Name of species 

planted 

Yes 
 

No 
 

37d. Did it work the first 

time you planted it 
Yes 

 
No 

 Yes 
 

No 
 

37b. Why did you plant 

this species? 

37c. Cost involved in 

establishing and 

managing it 
 

37e. If it did not work 

first time, what was 

the problem? 

Yes 
 

No 
 

37f. Did it work in 

subsequent time 
Yes 

 
No 

 Yes 
 

No 
 

37g. If it did not work 

subsequent time, 

what was the 

problem? 

Yes 
 

No 
 

37h. Did you continue using 

it? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

37i. Were you trained on 

how to use it? Yes 
 

No 
 Yes 

 
No 

 

Yes 
 

No 
 

37j. Did you modify it from 

what you were taught? 
Yes 

 
No 

 Yes 
 

No 
 

37k. Was it difficult to grow 

it? 
Yes 

 
No 

 
Yes 

 
No 

 Yes 
 

No 
 

Woodlots 
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39e. If it did not work 

first time, what was 

the problem? 

38. Have you tried growing indigenous fruits before? 

No 

 Yes 
 

 

39. If yes, fill in the table below. 

 
Species 1 Species 2 Species 3 

39a. Name of species 

planted 

Yes 
 

No 
 

39d. Did it work the first 

time you planted it 
Yes 

 
No 

 Yes 
 

No 
 

39b. Why did you plant 

this species? 

39c. Cost involved in 

establishing and 

managing it 
 

Yes 
 

No 
 

39f. Did it work in 

subsequent time 
Yes 

 
No 

 Yes 
 

No 
 

39g. If it did not work 

subsequent time, 

what was the 

problem? 

Yes 
 

No 
 

39h. Did you continue using 

it? 
Yes 

 
No 

 Yes 
 

No 
 

Yes 
 

No 
 

39i. Were you trained on 

how to use it? Yes 
 

No 
 Yes 

 
No 

 

Yes 
 

No 
 

39j. Did you modify it from 

what you were taught? 
Yes 

 
No 

 Yes 
 

No 
 

39k. Was it difficult to grow 

it? 
Yes 

 
No 

 
Yes 

 
No 

 Yes 
 

No 
 

40. Do you know of anyone else who has tried agroforestry before? 

No 

 Yes 
 

 

41. How well did agroforestry work for other people that tried before? 

Indigenous fruits 
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REASONS FOR NOT USING AGROFORESTRY TECHNOLOGIES 

42. What would prevent you from practicing the following forms of agroforestry? (Mark all 

possible answers for each technology) 

Improved fallow 

 

Name of 

Technology 
Already 

practice No land 
Lack 

of skill 

 

Lack of 

knowledge 
Lack 

of seed 
Never 

heard of it 
Other reason 

specify 
No 

interest 

       
Biomass transfer 

        
Woodlots 

        
Fodder banks 

 
       

Indigenous fruits 
       

EXTENSION 

46. How many minutes walk is the nearest extension service to you? 

1-15 

16-30 

31-45 

46-60 

 

 

 

 

Time in minutes 

More than 60 (1 hour) 
 

44. Have you received training in how to practice agroforestry? 

No 

 Yes 
 

 

Agricultural extension officer 

Researchers 

Farmer 

Other (specify) 

 

 

 

 

 

45. If yes by whom have you been trained and which was the location of the training? 

Farmer training 

centre 
Farmer’s 

field 
Agricultural 

camp 
Demonstration 

field 
Trainer 

Location of training 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

43. What is your main source of agricultural information? (Mark all that apply and then rank them) 

 

Other (specify) 

Agricultural researchers 

Other (specify) 

Neighbours 

Agricultural extension agent 

Village headman 

Other farmers 

Village elders 

NGO 
Booklets/brochures/posters 

Radio program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source  Agricultural 

(AG) 

information 

Agroforestry 

(AF) 

information 

Rank  

(AG) 
Rank  

(AF) 
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47. How often did you receive a visit or go to visit extension officer in the last 12 months? (Mark only one in each) 

column) 

K1,500,001 and More 

HOUSEHOLD CHARACTERISTICS 

 
48. Characteristics of respondent  

 

48a. Gender 
 

Male 
 

Female 

 
36-45 

 
46-55 

 
56-65 

 
65 or older 

48c. What is your age group? 
 

18-25 
 

26-35 

 
Primary school 
completed  

Some secondary 

school 

 
Junior high school 

completed  
High school 

completed 

48d. What is your highest educational level? 
 

Never attended school 
 

Some primary 

school 

 
College 

 University 

48g. What is the average yearly household 

income? 
No Income 

 
K100,001-500,000 
 

 
K500,001-1,000,000 

 
K1,000,001-1,500,000 

 

  
Under K100,000 
 

 
Employment (local) 

 
Employment (non-

local) 

48e. What is the main occupation that 

contributes to household income? 4

8 

Farming 
 

Small business 

 
Blacksmith  

Carpentry 

 
Other (Specify) 

 
Formal employment (rural)  

Formal 

employment (city) 

48f. What is the secondary occupation that 

contributes to household income?  
Farming 

 
Small business 

 
Blacksmith  

Carpentry 

 
Other (Specify) 

1-3 

No visits 

3-6 

7-9 

More than 12 

10-12 

 

 

 

 

 

 

 

 

 

 

 

 

Farmer visits to 

extension officer 
Farmer receive 

visits from 

extension officer 

Frequency of 

visits 

Other (specify) 

48b. What is your marital 

status?  
Single 

 
Married 

 

48h. What is the average yearly household 

income from farming? 
No Income 

 
K100,001-500,000 
 

 
K500,001-1,000,000 

 
K1,000,001-1,500,000 

 
K1,500,001 and More 

  
Under K100,000 
 

48i. What is the average yearly household 

income from non-farm sources? 
No Income 

 
K100,001-500,000 
 

 
K500,001-1,000,000 

 
K1,000,001-1,500,000 

 
K1,500,001 and More 

  
Under K100,000 
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49. How many people reside in this household? 

Category Male Female 

Adults (15 years and above) 

Children (below 15 years) 

50. How many people rely on the land you cultivate? 

 
Category Male Female 

Adults (15 years and above) 

Children (below 15 years) 

51. Do you have questions or comments on this 

study/questionnaire? 
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     Appendix D 

Categories of respondents 

 Improved fallows Biomass transfer 

Head of family Never trialed Stopped Adopted Never trialled Stopped Adopted 

Male 123 23 63 156 6 47 

Male but spouse respondent 62 15 41 98 0 20 

Female single respondent 18 7 21 37 3 6 

Male single respondent 7 1 1 8 0 1 

Male daughter respondent 1 0 1 2 0 0 

Male grandson respondent 1 0 1 2 0 0 

Male but son respondent 2 0 0 2 0 0 
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     Appendix E 

Chi-square test results 

E.1 Farm and farmer characteristics influencing trialling of 
agroforestry 

Trialling Improved fallow Biomass transfer 

Variable 2 df P 

phi/ 

Cramer's V 2 df P 

phi/ Cramer's 

V 

Gender 4.31 1 0.038* -0.111 2.26 1 0.133 0.083 

Age group 12.22 4 0.016* 0.177 5.49 4 0.241 0.119 

Education 2.69 4 0.611 0.083 2.81 4 0.591 0.085 

Club membership 24.99 1 0.000* 0.259 13.08 1 0.000* 0.19 

District 3.51 3 0.320 0.095 3.63 3 0.304 0.097 

Marital status 2.91 2 0.233 0.087 2.15 2 0.342 0.074 

livestock sales 3.14 5 0.678 0.09 18.50 5 0.002* 0.218 

Non-farm income 5.66 5 0.341 0.121 6.86 5 0.232 0.133 

Yearly income 6.11 5 0.296 0.125 6.170 5 0.290 0.126 

Farming income 3.64 5 0.602 0.097 7.400 5 0.193 0.138 

Main occupation 6.10 4 0.192 0.125 8.56 4 0.073 0.149 

Secondary 

occupation 11.13 6 0.085 0.169 9.03 6 0.172 0.153 

Ploughing method 2.62 2 0.270 0.082 6.46 2 0.040* 0.129 

Farming experience 31.15 10 0.001* 0.283 17.72 10 0.060 0.214 

Previous land use 2.91 3 0.406 0.087 3.69 3 0.297 0.098 

Tenure type 0.09 1 0.767 -0.041 0.19 1 0.663 -0.053 

Soil fertility status 0.73 2 0.695 0.043 1.19 2 0.552 0.055 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is significance 

value; phi is phi coefficient. 
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E.2 Farm and farmer characteristics influencing adoption of 
agroforestry 

Adoption Improved fallow Biomass transfer 

Variable 2 df P 

Phi/ 

Cramer's V 2 df P 

Phi/ 

Cramers V 

Agricultural camp 4.50 7 0.721 0.161     

Gender 0.00 1 1.000 -0.12 0.07 1 0.792 0.070 

Age group 0.92 4 0.922 0.073 2.40 4 0.664 0.170 

Education 1.92 4 0.750 0.105 1.32 4 0.858 0.126 

Club membership 1.43 1 0.232 0.106 0.47 1 0.494 0.124 

District 1.53 3 0.676 0.094 2.63 3 0.452 0.178 

Marital status 1.517 2 0.468 0.093 2.86 2 0.239 0.186 

Livestock sales 9.28 5 0.098 0.231 6.23 5 0.285 0.274 

Non-farm income 16.71 5 0.005* 0.31 8.00 5 0.156 0.310 

Yearly income 7.41 5 0.192 0.206 11.99 4 0.017* 0.380 

Farming income 3.04 5 0.694 0.132 3.109 4 0.540 0.194 

Main occupation 3.80 3 0.284 0.148 0.00 1 1.000 0.039 

Secondary occupation 2.70 6 0.845 0.125 6.90 6 0.330 0.288 

Ploughing method 7.43 2 0.024* 0.207 1.14 2 0.566 0.117 

Farming experience 12.24 10 0.270 0.265 8.22 9 0.512 0.315 

Previous land use 1.10 3 0.776 0.08 0.57 3 0.904 0.083 

Tenure type 0.287 1 0.094 -0.127     

Soil fertility status 1.43 2 0.490 0.091 0.53 2 0.767 0.08 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is 

significance value; phi is phi coefficient. 

 

 

E.3 External factors influencing trialling of agroforestry 
technologies 

Trialling Improved fallows (n=388) Biomass transfer (n=388) 

Factor 
2
 df P phi 

2
 df P phi 

Limited land 3.33 1 0.068 -0.101 5.79 1 0.016* -0.134 

Lack skill 49.24 1 0.000* -0.363 12.58 1 0.000* -0.189 

Lack knowledge 104.20 1 0.000* -0.524 47.62 1 0.000* -0.357 

Lack seed 19.54 1 0.000* -0.230 22.75 1 0.000* -0.249 

Lack interest 3.84 1 0.050* -0.110 2.79 1 0.095 -0.097 

Lack awareness 3.29 1 0.070 -0.113 10.10 1 0.001* -0.172 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is significance 

value; phi is phi coefficient. 
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E.4 External factors influencing adoption of agroforestry practices 

 Improved fallows (n=174) Biomass transfer (n=83) 

Parameter 
2
 df P phi 

2
 df P phi 

Limited land 13.06 1 0.000* -0.300 1.61 1 0.205 -0.317 

Lack skill 0.29 1 0.592 -0.127 0.00 1 1.000 0.039 

Lack knowledge     0.00 1 1.000 0.039 

Lack seed 14.35 1 0.000* -0.303 6.36 1 0.012* -0.352 

Lack interest 7.54 1 0.006* -0.244 8.73 1 0.003* -0.451 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is significance 

value; phi is phi coefficient. 

 

 

E.5 Extension factors influencing trialling of agroforestry practices 

Trialling Improved fallows Biomass transfer 

Factor  df P phi  df P phi 

Aware of agroforestry 21.69 1 0.000* 0.247 6.59 1 0.010* 0.143 

Know someone else use 13.60 1 0.000* 0.194 3.65 1 0.056 0.105 

Walk time to extension 6.19 4 0.185 0.126 2.03 4 0.729 0.072 

Farmer visits extension 23.07 5 0.000* 0.244 58.63 5 0.000* 0.389 

Extension visits farmer 15.30 5 0.009* 0.199 24.69 5 0.000* 0.252 

Village elders 0.43 1 0.512 0.052 0.03 1 0.854 -0.031 

Extension officer 14.81 1 0.000* 0.201 4.58 1 0.032* 0.115 

Researchers 41.83 1 0.000* 0.335 6.24 1 0.013* 0.135 

Neighbour 0.14 1 0.710 0.029 0.00 1 1.000 0.000 

Headman 0.05 1 0.816 0.035 0.39 1 0.532 -0.060 

Other farmers 1.40 1 0.236 -0.066 3.56 1 0.059 -0.103 

NGO 6.84 1 0.009* 0.143 2.53 1 0.112 0.093 

Reading materials 2.97 1 0.085 0.113 0.62 1 0.430 0.071 

Radio 0.41 1 0.522 -0.038 3.67 1 0.056 0.104 

Trained in use of agroforestry 144.84 1 0.000* 0.616 67.63 1 0.000* 0.425 

Agriculture extension trainer 41.94 1 0.000* 0.334 19.79 1 0.000* 0.233 

Researcher trainer 40.82 1 0.000* 0.332 30.044 1 0.000* 0.288 

Farmer trainer 5.26 1 0.022* 0.128 0.000 1 0.997 0.014 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is significance 

value; phi is phi coefficient. 
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E.6 Extension factors influencing adoption of agroforestry 
practices 

Adoption Improved fallows Biomass transfer 

Factors  df P phi  df P phi 

Know someone else who uses 

agroforestry 0.43 1 0.513 0.07 0.00 1 1.000 -0.010 

Walk time to extension 3.42 4 0.491 0.14 3.70 4 0.448 0.211 

Farmer visits extension 14.34 5 0.014* 0.287 4.62 5 0.464 0.236 

Extension visits farmer 7.84 5 0.166 0.212 17.24 5 0.004* 0.456 

Village elders 0.00 1 1.000 0.025 0.00 1 1.000 0.039 

Extension officer 0.93 1 0.335 -0.086 0.44 1 0.506 0.113 

Researchers 0.45 1 0.504 0.065 0.74 1 0.391 0.137 

Neighbours 0.26 1 0.614 -0.062 0.00 1 1.000 -0.052 

Headman 0.87 1 0.351 -0.121     

Other farmers 0.00 1 1.000 -0.005 0.00 1 1.000 -0.038 

NGO 3.38 1 0.066 0.161 0.00 1 1.000 -0.003 

Reading materials 0.00 1 1.000 0.005 0.00 1 1.000 0.055 

Radio 3.30 1 0.069 0.153 0.40 1 0.530 0.109 

Trained in use of agroforestry 0.26 1 0.608 0.057 0.19 1 0.660 -0.114 

Extension trainer 0.32 1 0.569 0.056 0.00 1 1.000 0.035 

Researcher trainer 0.06 1 0.808 0.034 0.37 1 0.544 -0.109 

Farmer trainer 0.88 1 0.347 -0.094 0.00 1 1.000 -0.075 

Note: * denotes significant at 5% level of significance; 2 is chi-square value; df is degrees of freedom; p is significance 

value; phi is phi coefficient. 
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     Appendix F 

Logistic regression model summaries 

F.1 Trialling improved fallows 

Null model for trialling of improved fallows 

Parameter B S.E. Wald df Sig. Exp(B) 

        

Constant -0.207 0.102 4.109 1 0.043 0.813 

-2 Log likelihood 533.751      

% correct predictions 55.2      

 

Farm and farmer characteristics 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B)   

              Lower Upper 

gender(1) -0.478 0.233 4.213 1 0.04 0.62 0.393 0.979 

agegroup     2.329 4 0.675       

agegroup(1) -0.599 0.498 1.448 1 0.229 0.549 0.207 1.458 

agegroup(2) -0.432 0.514 0.708 1 0.4 0.649 0.237 1.777 

agegroup(3) -0.213 0.545 0.153 1 0.696 0.808 0.278 2.352 

agegroup(4) -0.487 0.57 0.728 1 0.393 0.615 0.201 1.88 

clubmemb(1) 1.086 0.247 19.362 1 0 2.962 1.826 4.806 

Lstockinc 0 0 0.66 1 0.417 1 1 1 

Treside -0.004 0.047 0.006 1 0.938 0.996 0.909 1.093 

resideAF 0.161 0.136 1.403 1 0.236 1.175 0.9 1.535 

Tfarmland 0.107 0.05 4.491 1 0.034 1.112 1.008 1.228 

distplt -0.002 0.004 0.162 1 0.688 0.998 0.989 1.007 

Farmexpr 0.027 0.011 5.632 1 0.018 1.027 1.005 1.05 

Constant -1.036 0.527 3.862 1 0.049 0.355     

Model                 

Chi-square 48.001               

df 11               

Sig. 0               

-2 Log likelihood 485.75               

Cox & Snell R Square 0.116               

Nagelkerke R Square 0.156               

Hosmer and Lemeshow Test                 

Chi-square 9.04               

df 8               

Sig. 0.339               

% correct predictions 62.4               
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Logistic regression estimates for the trialling of improved fallows using external factors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

skilIF(1) -3.724 1.055 12.46 1 0 0.024 0.003 0.191 

knowIF(1) -21.403 3537.234 0 1 0.995 0 0 . 

seedIF(1) -1.409 0.284 24.647 1 0 0.244 0.14 0.426 

intrIF(1) -2.277 0.507 20.191 1 0 0.103 0.038 0.277 

Constant 1.218 0.185 43.507 1 0 3.38     

Model                 

Chi-square 203.013               

df 4               

Sig. 0               

-2 Log likelihood 330.738               

Cox & Snell R Square 0.407               

Nagelkerke R Square 0.545               

Hosmer and Lemeshow Test                 

Chi-square 0.001               

df 3               

Sig. 1               

% correct predictions 78.4               
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Logistic regression estimation for trialling of improved fallows using extension variables 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

hearIF(1) -18.852 16317.936 0 1 0.999 0 0 . 

elseuse(1) 0.392 0.385 1.035 1 0.309 1.48 0.696 3.148 

farvists     2.572 5 0.766       

farvists(1) -0.062 0.35 0.031 1 0.86 0.94 0.473 1.868 

farvists(2) -0.215 0.815 0.069 1 0.792 0.807 0.163 3.986 

farvists(3) 20.313 22425.438 0 1 0.999 663226571 0 . 

farvists(4) 0.686 1.064 0.417 1 0.519 1.987 0.247 15.972 

farvists(5) 0.801 0.575 1.938 1 0.164 2.228 0.721 6.881 

farvistd     5.881 5 0.318       

farvistd(1) 0.478 0.454 1.111 1 0.292 1.613 0.663 3.926 

farvistd(2) 0.271 0.537 0.254 1 0.615 1.311 0.457 3.756 

farvistd(3) -0.812 0.716 1.286 1 0.257 0.444 0.109 1.806 

farvistd(4) 0.665 0.698 0.909 1 0.34 1.945 0.495 7.638 

farvistd(5) -0.1 0.49 0.042 1 0.838 0.905 0.347 2.362 

Afinfoae(1) 0.4 0.304 1.728 1 0.189 1.491 0.822 2.706 

Afinfoar(1) 1.644 0.404 16.574 1 0 5.177 2.346 11.425 

Afinfngo(1) 0.586 0.589 0.988 1 0.32 1.796 0.566 5.699 

Aftraind(1) 2.951 0.597 24.398 1 0 19.124 5.93 61.675 

Aetraind(1) -0.409 0.59 0.482 1 0.488 0.664 0.209 2.109 

Rstraind(1) 0.546 0.709 0.593 1 0.441 1.727 0.43 6.936 

Frtraind(1) -0.49 0.762 0.414 1 0.52 0.612 0.138 2.725 

Constant -2.722 0.498 29.839 1 0 0.066     

Model Model               

Chi-square 202.956               

df 19               

Sig. 0               

-2 Log likelihood 330.795               

Cox & Snell R Square 0.407               

Nagelkerke R Square 0.545               

Hosmer and Lemeshow Test                 

Chi-square 15.068               

df 8               

Sig. 0.058               

% correct predictions 81.7               
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Logistic regression estimates for trialling improved fallows using farmer attributes and 

external factors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

gender(1) -0.285 0.299 0.909 1 0.34 0.752 0.419 1.351 

agegroup     3.555 4 0.47       

agegroup(1) -0.947 0.717 1.745 1 0.186 0.388 0.095 1.581 

agegroup(2) -0.716 0.743 0.927 1 0.336 0.489 0.114 2.098 

agegroup(3) -0.359 0.782 0.211 1 0.646 0.698 0.151 3.235 

agegroup(4) -0.989 0.815 1.473 1 0.225 0.372 0.075 1.836 

clubmemb(1) 0.842 0.323 6.801 1 0.009 2.322 1.233 4.374 

Lstockinc 0 0 2.251 1 0.133 1 1 1 

Treside -0.039 0.06 0.426 1 0.514 0.962 0.855 1.082 

resideAF 0.209 0.178 1.382 1 0.24 1.233 0.87 1.748 

Tfarmland 0.084 0.06 1.943 1 0.163 1.088 0.966 1.224 

distplt -0.003 0.006 0.181 1 0.671 0.997 0.986 1.009 

Farmexpr 0.034 0.016 4.657 1 0.031 1.034 1.003 1.066 

skilIF(1) -3.75 1.077 12.13 1 0 0.024 0.003 0.194 

knowIF(1) -21.355 3415.004 0 1 0.995 0 0 . 

seedIF(1) -1.659 0.315 27.813 1 0 0.19 0.103 0.353 

intrIF(1) -2.242 0.549 16.712 1 0 0.106 0.036 0.311 

Constant 1.002 0.763 1.724 1 0.189 2.724     

Model                 

Chi-square 229.861               

df 16               

Sig. 0               

-2 Log likelihood 303.89               

Cox & Snell R Square 0.447               

Nagelkerke R Square 0.598               

Hosmer and Lemeshow Test                 

Chi-square 9.286               

df 8               

Sig. 0.319               

% correct predictions 81.7               
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Logistic regression estimates for trialling of improved fallows overall model 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

gender(1) -0.757 0.411 3.393 1 0.065 0.469 0.21 1.05 

agegroup     1.81 4 0.771       

agegroup(1) -1.128 0.922 1.499 1 0.221 0.324 0.053 1.97 

agegroup(2) -0.799 0.957 0.696 1 0.404 0.45 0.069 2.937 

agegroup(3) -0.982 1.008 0.949 1 0.33 0.374 0.052 2.701 

agegroup(4) -0.657 1.038 0.4 1 0.527 0.519 0.068 3.967 

clubmemb(1) 0.479 0.42 1.3 1 0.254 1.614 0.709 3.676 

Lstockinc 0 0 4.341 1 0.037 1 1 1 

Treside -0.031 0.078 0.152 1 0.696 0.97 0.832 1.131 

resideAF 0.112 0.247 0.205 1 0.651 1.118 0.689 1.817 

Tfarmland 0.128 0.091 1.973 1 0.16 1.137 0.951 1.36 

distplt -0.002 0.008 0.078 1 0.78 0.998 0.982 1.014 

Farmexpr 0.024 0.02 1.447 1 0.229 1.024 0.985 1.065 

skilIF(1) -3.876 1.257 9.509 1 0.002 0.021 0.002 0.244 

knowIF(1) -22.163 3131.1 0 1 0.994 0 0 . 

seedIF(1) -1.635 0.425 14.788 1 0 0.195 0.085 0.449 

intrIF(1) -2.226 0.769 8.39 1 0.004 0.108 0.024 0.487 

hearIF(1) -20.235 13431.7 0 1 0.999 0 0 . 

elseuse(1) 0.176 0.522 0.114 1 0.736 1.193 0.428 3.322 

farvists     3.251 5 0.661       

farvists(1) 0.295 0.458 0.415 1 0.519 1.343 0.547 3.297 

farvists(2) 1.437 1.051 1.868 1 0.172 4.207 0.536 33.024 

farvists(3) 19.117 22662.78 0 1 0.999 200596117 0 . 

farvists(4) 0.16 1.17 0.019 1 0.892 1.173 0.118 11.627 

farvists(5) 1.107 0.795 1.939 1 0.164 3.027 0.637 14.388 

farvistd     5.27 5 0.384       

farvistd(1) 0.796 0.624 1.626 1 0.202 2.216 0.652 7.53 

farvistd(2) 0.205 0.735 0.078 1 0.78 1.228 0.291 5.19 

farvistd(3) -0.454 0.895 0.258 1 0.612 0.635 0.11 3.669 

farvistd(4) 0.738 0.917 0.648 1 0.421 2.091 0.347 12.611 

farvistd(5) -0.217 0.659 0.108 1 0.742 0.805 0.221 2.928 

Afinfoae(1) 0.823 0.407 4.095 1 0.043 2.278 1.026 5.057 

Afinfoar(1) 1.195 0.53 5.083 1 0.024 3.302 1.169 9.329 

Afinfngo(1) 0.251 0.823 0.093 1 0.761 1.285 0.256 6.446 

Aftraind(1) 3.233 0.866 13.943 1 0 25.352 4.646 138.346 

Aetraind(1) -1.357 0.86 2.486 1 0.115 0.257 0.048 1.391 

Rstraind(1) -0.21 1.024 0.042 1 0.837 0.811 0.109 6.029 

Frtraind(1) -0.072 1.226 0.003 1 0.953 0.93 0.084 10.294 

Constant -0.635 1.075 0.349 1 0.555 0.53     

Model Chi-square 321.415               

df 35               

Sig. 0               

-2 Log likelihood 212.336               

Cox & Snell R Square 0.563               

Nagelkerke R Square 0.754               
Hosmer and Lemeshow 

Test Chi-square 6.075               

df 8               

Sig. 0.639               

% correct predictions 87.4               
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F.2 Adoption of improved fallows 

 

Null model for adoption of improved fallows 

Parameter B S.E. Wald df Sig. Exp(B) 

Constant 1.023 0.172 35.441 1 0.000 2.783 

-2 Log likelihood 200.996      

% correct predictions 73.6      

 

 

Logistic regression estimation for adoption of improved fallows using farmer characteristics 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

nfsinco     14.102 5 0.015       

nfsinco(1) 1.077 0.699 2.373 1 0.123 2.937 0.746 11.57 

nfsinco(2) 1.497 0.594 6.345 1 0.012 4.469 1.394 14.329 

nfsinco(3) 0.7 0.588 1.419 1 0.234 2.013 0.637 6.368 

nfsinco(4) 1.47 1.112 1.748 1 0.186 4.349 0.492 38.447 

nfsinco(5) 2.728 1.078 6.401 1 0.011 15.298 1.849 126.581 

howploup     7.477 2 0.024       

howploup(1) 0.566 0.58 0.95 1 0.33 1.761 0.565 5.491 

howploup(2) -0.857 0.427 4.034 1 0.045 0.425 0.184 0.98 

Constant 0.647 0.338 3.658 1 0.056 1.909     

Model                 

Chi-square 25.822               

df 7               

Sig. 0.001               

-2 Log likelihood 175.175               

Cox & Snell R Square 0.138               

Nagelkerke R Square 0.201               

Hosmer and Lemeshow Test                 

Chi-square 1.088               

df 7               

Sig. 0.993               

% correct predictions 75.9               
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Logistic regression estimation for adoption of improved fallows using external variables 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

landIF(1) -2.588 0.733 12.458 1 0 0.075 0.018 0.316 

seedIF(1) -1.769 0.424 17.424 1 0 0.171 0.074 0.391 

intrIF(1) -3.514 1.128 9.707 1 0.002 0.03 0.003 0.272 

Constant 1.904 0.268 50.39 1 0 6.715     

Model                 

Chi-square 41.481               

df 3               

Sig. 0               

-2 Log likelihood 159.516               

Cox & Snell R Square 0.212               

Nagelkerke R Square 0.31               

Hosmer and Lemeshow Test                 

Chi-square 1.354               

df 1               

Sig. 0.245               

% correct predictions 79.3               

 

 

Logistic regression predicting adoption of improved fallows using extension variables 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

farvists     11.943 5 0.036       

farvists(1) 1to3 1.311 0.463 8.019 1 0.005 3.709 1.497 9.189 

farvists(2) 3to6 0.435 0.865 0.253 1 0.615 1.545 0.284 8.415 

farvists(3) 7to9 20.722 23205.422 0 1 0.999 998657189 0 . 

farvists(4) 10to12 0.905 1.139 0.632 1 0.427 2.473 0.265 23.057 

farvists(5) 12+ 1.77 0.775 5.221 1 0.022 5.873 1.286 26.81 

nofarv                 

Constant 0.481 0.218 4.861 1 0.027 1.618     

Model                 

Chi-square 15.839               

df 5               

Sig. 0.007               

-2 Log likelihood 185.158               

Cox & Snell R Square 0.087               

Nagelkerke R Square 0.127               

Hosmer and Lemeshow Test                 

Chi-square 0               

df 2               

Sig. 1               

% correct predictions 73.6               
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Logistic regression estimates for adoption of improved fallows using farmer attributes and 

external factors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

nfsinco     9.177 5 0.102       

nfsinco(1) 100000- 1.079 0.928 1.351 1 0.245 2.942 0.477 18.141 

nfsinco(2) 100001+ 1.577 0.697 5.118 1 0.024 4.842 1.235 18.993 

nfsinco(3) 500001+ 0.735 0.71 1.071 1 0.301 2.085 0.519 8.385 

nfsinco(4) 1000001+ 0.836 1.158 0.521 1 0.47 2.308 0.238 22.346 

nfsinco(5) 1500001+ 2.195 1.122 3.83 1 0.05 8.984 0.997 80.978 

Howploup handhoe     10.213 2 0.006       

howploup(1) oxplough 0.922 0.714 1.665 1 0.197 2.513 0.62 10.189 

howploup(2) hoeplough -1.162 0.517 5.042 1 0.025 0.313 0.114 0.863 

landIF(1) -2.693 0.83 10.516 1 0.001 0.068 0.013 0.345 

seedIF(1) -1.789 0.48 13.868 1 0 0.167 0.065 0.429 

intrIF(1) -4.102 1.231 11.104 1 0.001 0.017 0.001 0.185 

Constant 1.708 0.464 13.534 1 0 5.516     

Model Chi-square 64.27               

df 10               

Sig. 0               

-2 Log likelihood 136.727               

Cox & Snell R Square 0.309               

Nagelkerke R Square 0.451               

Hosmer and Lemeshow Test                 

Chi-square 3.796               

df 8               

Sig. 0.875               

% correct predictions 83.3               

 



 219 

 

Logistic regression estimates for adoption of improved fallows: overall model with noextv 

variable 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

nfsinco     7.712 5 0.173       

nfsinco(1) 1.134 0.908 1.56 1 0.212 3.11 0.524 18.449 

nfsinco(2) 1.603 0.748 4.595 1 0.032 4.967 1.147 21.508 

nfsinco(3) 0.807 0.747 1.165 1 0.28 2.241 0.518 9.695 

nfsinco(4) 0.493 1.224 0.162 1 0.687 1.637 0.149 18.034 

nfsinco(5) 1.766 1.132 2.434 1 0.119 5.85 0.636 53.807 

howploup     10.487 2 0.005       

howploup(1) 0.662 0.733 0.816 1 0.366 1.939 0.461 8.159 

howploup(2) -1.386 0.55 6.36 1 0.012 0.25 0.085 0.734 

landIF(1) -2.439 0.857 8.105 1 0.004 0.087 0.016 0.468 

seedIF(1) -1.672 0.499 11.225 1 0.001 0.188 0.071 0.5 

intrIF(1) -4.636 1.301 12.696 1 0 0.01 0.001 0.124 

nofarv -1.352 0.504 7.214 1 0.007 0.259 0.096 0.694 

Constant 2.636 0.614 18.455 1 0 13.953     

Model Chi-square 72.138               

df 11               

Sig. 0               

-2 Log likelihood 128.859               

Cox & Snell R Square 0.339               

Nagelkerke R Square 0.495               

Hosmer and Lemeshow Test                 

Chi-square 5.577               

df 8               

Sig. 0.695               
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Overall logistic regression estimation for adoption of improved fallows 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

nfsinco     8.475 5 0.132       

nfsinco(1) 1.081 0.909 1.416 1 0.234 2.949 0.497 17.508 

nfsinco(2) 1.721 0.755 5.196 1 0.023 5.591 1.273 24.559 

nfsinco(3) 0.767 0.763 1.011 1 0.315 2.153 0.483 9.601 

nfsinco(4) 0.352 1.241 0.081 1 0.776 1.422 0.125 16.187 

nfsinco(5) 2.051 1.188 2.978 1 0.084 7.773 0.757 79.797 

howploup     10.904 2 0.004       

howploup(1) 0.624 0.76 0.674 1 0.412 1.866 0.421 8.273 

howploup(2) -1.506 0.561 7.209 1 0.007 0.222 0.074 0.666 

landIF(1) -2.491 0.84 8.788 1 0.003 0.083 0.016 0.43 

seedIF(1) -1.63 0.503 10.488 1 0.001 0.196 0.073 0.525 

intrIF(1) -4.734 1.345 12.399 1 0 0.009 0.001 0.123 

farvists     8.603 5 0.126       

farvists(1) 1.464 0.655 4.996 1 0.025 4.322 1.197 15.602 

farvists(2) 0.439 0.972 0.205 1 0.651 1.552 0.231 10.423 

farvists(3) 18.865 22687.59 0 1 0.999 155882993 0 . 

farvists(4) 0.226 1.245 0.033 1 0.856 1.254 0.109 14.376 

farvists(5) 2.122 0.951 4.98 1 0.026 8.348 1.295 53.828 

nofarv                 

Constant 1.317 0.485 7.378 1 0.007 3.734     

Model                 

Chi-square 74.781               

df 15               

Sig. 0               

-2 Log likelihood 126.215               

Cox & Snell R Square 0.349               

Nagelkerke R Square 0.51               

Hosmer and Lemeshow Test                 

Chi-square 1.868               

df 7               

Sig. 0.967               

% correct predictions 83.9               
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F.3 Trialling of biomass transfer 

 

Null model for trialling of biomass transfer 

Parameter B S.E. Wald df Sig. Exp(B) 

Constant -1.301 0.124 110.513 1 0.000 0.272 

-2 Log likelihood 402.822      

% correct predictions 78.6      

 

Logistic regression predicting likelihood of reporting trialling of biomass transfer: farm 

characteristics 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

clubmemb(1) 0.999 0.318 9.865 1 0.002 2.714 1.456 5.061 

owngardn(1) 2.868 0.728 15.502 1 0.000 17.593 4.221 73.332 

Constant -4.523 0.750 36.324 1 0.000 0.011     

Model                 

Chi-square 53.937               

df 2               

Sig. 0.000               

-2 Log likelihood 348.885               

Cox & Snell R Square 0.13               

Nagelkerke R Square 0.201               

Hosmer and Lemeshow Test                 

Chi-square 0.842               

df 2               

Sig. 0.656               

% correct predictions 78.6               

 

Logistic regression predicting farmers who would trial biomass transfer: external factors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

knowBT(1) -2.464 0.423 34.002 1 0 0.085 0.037 0.195 

seedBT(1) -2.083 0.405 26.465 1 0 0.125 0.056 0.275 

hearBT(1) -20.981 6351.56 0 1 0.997 0 0 . 

Constant -0.116 0.166 0.488 1 0.485 0.891     

Model                 

Chi-square 100.366               

df 3               

Sig. 0               

-2 Log likelihood 302.456               

Cox & Snell R Square 0.228               

Nagelkerke R Square 0.353               

Hosmer and Lemeshow Test                 

Chi-square 1.723               

df 3               

Sig. 0.632               

% correct predictions 78.6               
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Logistic regression predicting trialling of biomass transfer using extension predictors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

heardAF(1) 18.223 7492.642 0 1 0.998 82028513 0   

farvists     17.984 5 0.003       

farvists(1) (1 to 3) 1.085 0.34 10.188 1 0.001 2.96 1.52 5.762 

farvists(2) (4 to 6) 0.502 0.762 0.435 1 0.51 1.652 0.371 7.352 

farvists(3) (7to 9) 0.045 1.286 0.001 1 0.972 1.046 0.084 13.011 

farvists(4) (10 to 12) 0.928 0.96 0.935 1 0.334 2.529 0.386 16.589 

farvists(5) (12+) 1.769 0.497 12.656 1 0 5.863 2.213 15.536 

farvistd     6.947 5 0.225       

farvistd(1) (1 to 3) 1.135 0.705 2.596 1 0.107 3.112 0.782 12.385 

farvistd(2) (4 to 6) 1.002 0.75 1.782 1 0.182 2.723 0.626 11.855 

farvistd(3) (7to 9) 1.076 0.913 1.389 1 0.239 2.932 0.49 17.544 

farvistd(4) (10 to 12) 2.213 0.869 6.49 1 0.011 9.141 1.666 50.154 

farvistd(5) (12+) 1.011 0.718 1.981 1 0.159 2.748 0.672 11.232 

Afinfoae(1) -0.143 0.313 0.209 1 0.648 0.867 0.469 1.601 

Afinforp(1) 1.078 0.316 11.641 1 0.001 2.939 1.582 5.46 

Aftraind(1) 1.301 0.482 7.289 1 0.007 3.672 1.428 9.442 

Aetraind(1) 0.146 0.434 0.114 1 0.736 1.158 0.495 2.71 

Rstraind(1) 0.996 0.472 4.448 1 0.035 2.708 1.073 6.832 

Constant -22.399 7492.642 0 1 0.998 0     

Model Chi-square 101.614               

df 16               

Sig. 0               

-2 Log likelihood 301.208(a)               

Cox & Snell R Square 0.23               

Nagelkerke R Square 0.357               

Hosmer and Lemeshow Test                 

Chi-square 5.502               

df 8               

Sig. 0.703               

% correct predictions 79.6               
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Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

clubmemb(1) 1.021 0.384 7.067 1 0.008 2.776 1.308 5.893 

owngardn(1) 3.574 0.752 22.596 1 0.000 35.667 8.170 155.7 

knowBT(1) -2.701 0.449 36.217 1 0.000 0.067 0.028 0.162 

seedBT(1) -2.671 0.434 37.889 1 0.000 0.069 0.030 0.162 

hearBT(1) -21.029 5859.317 0.000 1 0.997 0.000 0.000 . 

Constant -3.743 0.784 22.785 1 0.000 0.024     

Model                 

Chi-square 164.38               

df 5               

Sig. 0.000               

-2 Log likelihood 238.442               

Cox & Snell R Square 0.345               

Nagelkerke R Square 0.535               

Hosmer and Lemeshow Test                 

Chi-square 7.689               

df 7               

Sig. 0.361               

% correct predictions 88.1               
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Overall logistic regression predicting trialling of biomass transfer 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

clubmemb(1) 0.561 0.488 1.322 1 0.250 1.752 0.674 4.559 

owngardn(1) 4.453 0.901 24.433 1 0.000 85.865 14.69 501.885 

knowBT(1) -3.116 0.586 28.251 1 0.000 0.044 0.014 0.140 

seedBT(1) -3.025 0.520 33.826 1 0.000 0.049 0.018 0.135 

hearBT(1) -20.756 5552.228 0.000 1 0.997 0.000 0.000 . 

heardAF(1)                 

farvists     9.02 5 0.108       

farvists(1) 0.934 0.470 3.955 1 0.047 2.545 1.014 6.391 

farvists(2) -0.889 0.948 0.879 1 0.348 0.411 0.064 2.637 

farvists(3) -0.818 2.015 0.165 1 0.685 0.441 0.008 22.909 

farvists(4) 0.806 1.585 0.259 1 0.611 2.239 0.100 50.016 

farvists(5) 1.33 0.659 4.075 1 0.044 3.78 1.039 13.748 

farvistd     4.651 5 0.460       

farvistd(1) 1.093 0.922 1.404 1 0.236 2.982 0.489 18.174 

farvistd(2) 1.586 1.004 2.493 1 0.114 4.882 0.682 34.94 

farvistd(3) 2.089 1.212 2.97 1 0.085 8.074 0.751 86.865 

farvistd(4) 2.154 1.184 3.309 1 0.069 8.621 0.846 87.808 

farvistd(5) 1.337 0.953 1.967 1 0.161 3.808 0.588 24.676 

Afinfoae(1) 0.479 0.417 1.321 1 0.25 1.615 0.713 3.656 

Afinforp(1) 1.802 0.476 14.351 1 0.000 6.063 2.386 15.403 

Aftraind(1) 0.666 0.657 1.026 1 0.311 1.947 0.537 7.062 

Aetraind(1) 0.614 0.61 1.014 1 0.314 1.847 0.559 6.102 

Rstraind(1) 1.068 0.657 2.638 1 0.104 2.909 0.802 10.554 

Constant -7.432 1.321 31.632 1 0.000 0.001     

Model Chi-square 222.049               

df 20               

Sig. 0               

-2 Log likelihood 180.774               

Cox & Snell R Square 0.436               

Nagelkerke R Square 0.675               

Hosmer and Lemeshow Test                 

Chi-square 12.947               

df 8               

Sig. 0.114               

% correct predictions 90.2               

 

 

 



 225 

F.4 Adoption of biomass transfer 

Null model for adoption of biomass transfer 

Parameter B S.E. Wald df Sig. Exp(B) 

Constant 2.107 0.353 35.617 1 0.000 8.222 

-2 Log likelihood 56.976           

% correct predictions 89.2           

 

Adoption of biomass transfer: farm and farmer characteristic 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

yrlyinco     5.376 4 0.251       

yrlyinco(1) 21.896 10377.78 0.000 1 0.998 3.231E+09 0.000 . 

yrlyinco(2) 2.833 1.435 3.899 1 0.048 17 1.021 283.011 

yrlyinco(3) 2.197 1.453 2.287 1 0.13 9 0.522 155.242 

yrlyinco(4) 3.06 1.365 5.023 1 0.025 21.333 1.468 310.008 

Constant -0.693 1.225 0.320 1 0.571 0.50     

Model Chi-square 9.463               

df 4               

Sig. 0.051               

-2 Log likelihood 47.513               

Cox & Snell R Square 0.108               

Nagelkerke R Square 0.217               

Hosmer and Lemeshow Test                 

Chi-square 0.000               

df 3               

Sig. 1               

% correct predictions 90.4               

 

 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

        Lower Upper 

farvistd   9.048 5 0.107    

farvistd(1) -19.006 23205.42 0 1 0.999 0 0 . 

farvistd(2) -19.904 23205.42 0 1 0.999 0 0 . 

farvistd(3) -21.608 23205.42 0 1 0.999 0 0 . 

farvistd(4) 0 27210.768 0 1 1 1 0 . 

farvistd(5) -17.737 23205.42 0 1 0.999 0 0 . 

Constant 21.203 23205.42 0 1 0.999 1.615E+09   

Model         

Chi-square 13.732        

df 5        

Sig. 0.017        

-2 Log likelihood 43.244        

Cox & Snell R Square 0.152        

Nagelkerke R Square 0.307        
Hosmer and 

Lemeshow Test         

Chi-square 0        

df 3        

Sig. 1        

% correct predictions 90.4        
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Adoption of biomass transfer: external factors 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

        Lower Upper 

seedBT(1) -2.308 0.893 6.671 1 0.010 0.100 0.017 0.573 

intrBT(1) -2.818 1.125 6.280 1 0.012 0.060 0.007 0.541 

Constant 2.818 0.515 29.983 1 0.000 16.75   

Model         

Chi-square 10.064        

df 2        

Sig. 0.007        

-2 Log likelihood 46.912        

Cox & Snell R Square 0.114        

Nagelkerke R Square 0.23        

Hosmer and Lemeshow Test         

Chi-square 0.00        

df 0        

Sig. .        

% correct predictions 89.2        

 

 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

yrlyinco     8.171 4 0.086       

yrlyinco(1) 23.296 9288.541 0 1 0.998 1.31E+10 0 . 

yrlyinco(2) 3.253 1.499 4.708 1 0.03 25.875 1.37 488.772 

yrlyinco(3) 3.892 1.82 4.573 1 0.032 48.997 1.384 1735.167 

yrlyinco(4) 4.976 1.786 7.766 1 0.005 144.926 4.377 4798.947 

seedBT(1) -3.448 1.299 7.048 1 0.008 0.032 0.002 0.406 

intrBT(1) -4.283 1.64 6.823 1 0.009 0.014 0.001 0.343 

Constant -0.693 1.225 0.32 1 0.571 0.5     

Model                 

Chi-square 23.723               

df 6               

Sig. 0.001               

-2 Log likelihood 33.253               

Cox & Snell R Square 0.249               

Nagelkerke R Square 0.501               

Hosmer and Lemeshow Test                 

Chi-square 2.234               

df 5               

Sig. 0.816               

% correct predictions 90.4               
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Logistic regression model predicting who would adopt biomass transfer 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

yrlyinco     8.033 4 0.09       

yrlyinco(1) 23.245 9232.25 0 1 0.998 1.245E+10 0 . 

yrlyinco(2) 3.196 1.501 4.532 1 0.033 24.438 1.289 463.491 

yrlyinco(3) 3.87 1.815 4.545 1 0.033 47.954 1.366 1682.881 

yrlyinco(4) 4.943 1.786 7.658 1 0.006 140.24 4.23 4649.624 

seedBT(1) -3.418 1.298 6.936 1 0.008 0.033 0.003 0.417 

intrBT(1) -4.25 1.64 6.713 1 0.01 0.014 0.001 0.355 

noextnv 17.56 20973.62 0 1 0.999 42273504 0.000 . 

Constant -0.693 1.225 0.32 1 0.571 0.5     

noextnv 17.56 20973.62 0 1 0.999 42273504 0 . 

Constant -0.693 1.225 0.32 1 0.571 0.5     

Model                 

Chi-square 23.904               

df 7               

Sig. 0.001               

-2 Log likelihood 33.072               

Cox & Snell R Square 0.25               

Nagelkerke R Square 0.504               

Hosmer and Lemeshow Test                 

Chi-square 2.171               

df 5               

Sig. 0.825               

% correct predictions 90.4               
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Overall model for adoption of biomass transfer 

Parameter B S.E. Wald df Sig. Exp(B) 95.0% C.I.for EXP(B) 

              Lower Upper 

yrlyinco     3.578 4 0.466       

yrlyinco(1) 20.321 8705.206 0 1 0.998 669126989 0 . 

yrlyinco(2) 0.445 2.038 0.048 1 0.827 1.561 0.029 84.788 

yrlyinco(3) -0.076 2.241 0.001 1 0.973 0.926 0.011 74.83 

yrlyinco(4) 2.925 1.933 2.29 1 0.13 18.634 0.422 823.283 

seedBT(1) -2.453 1.637 2.245 1 0.134 0.086 0.003 2.129 

intrBT(1) -22.935 9026.108 0 1 0.998 0 0 . 

farvistd     4.166 5 0.526       

farvistd(1) 0.496 22615.873 0 1 1 1.642 0 . 

farvistd(2) -18.948 20736.612 0 1 0.999 0 0 . 

farvistd(3) -21.024 20736.612 0 1 0.999 0 0 . 

farvistd(4) -0.268 24349.227 0 1 1 0.765 0 . 

farvistd(5) -16.207 20736.612 0 1 0.999 0 0 . 

noextnv                 

Constant 19.514 20736.612 0 1 0.999 298551497     

Model                 

Chi-square 31.568               

df 11               

Sig. 0.001               

-2 Log likelihood 25.408               

Cox & Snell R Square 0.316               

Nagelkerke R Square 0.637               

Hosmer and Lemeshow Test                 

Chi-square 1.037               

df 7               

Sig. 0.994               

% correct predictions 94               
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     Appendix G  

Analysis of Variance outputs 

G.1 Extension approaches and improved fallows 

ANOVA table 

Source of variation df 

Sum of 

squares 

Mean 

square v.r. F pr. 

Extnapprch 9 917.915 101.991 63.97 <.001 

IMF 2 201.594 100.797 63.22 <.001 

Extnapprch.IMF 18 86.291 4.794 3.01 <.001 

Residual 3850 6137.963 1.594     

Total 3879 7343.763       

 

Standard errors of differences (s.e.d) 

Table Extnapprch IMF Extnapprch 

rep. 388   

d.f. 3850 3850 3850 

 s.e.d 0.0907 0.0649 0.2052 

 

Least significant differences in means (5% level) 

Table Extnapprch IMF Extnapprch 

rep. 388   

d.f. 3850 3850 3850 

l.s.d.  0.1777 0.1272 0.4023 

 

Separation of means using the bonferroni test 

Extension approaches Mean score 

Visit to research station 1.701 f 

Incentives provided by promoting agent 2.08 e 

Participating in exchange visit 2.139 de 

Village demonstration 2.399 cd 

Attending a field day 2.598 bc 

Empasis by local extension agent 2.729 b 

If someone comes to give me advise 2.82 b 

Participation in agricultural training 2.84 b 

If I see my neighbour do it 3.211 a 

Peer pressure 3.335 a 

Mean scores followed by the same letters are not significantly different from each other 
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G.2 Biomass transfer and extension approaches 

 

ANOVA table 

Source of variation d.f. s.s. m.s. v.r. F pr. 

Extnapprch 9 917.915 101.991 63.56 <.001 

BTT 2 172.752 86.376 53.83 <.001 

Extnapprch.BTT 18 75.714 4.206 2.62 <.001 

Residual 3850 6177.381 1.605     

Total 3879 7343.763       

 

Standard errors of differences of means 

Table Extnapprch BTT Extnapprch 

rep. 388   

d.f. 3850 3850 3850 

 s.e.d. 0.0909 0.1355 0.4284 

 

Least significant differences of means (5% level) 

Table Extnapprch BTT Extnapprch 

rep. 388   

d.f. 3850 3850 3850 

 l.s.d. 0.1783 0.2656 0.8399 

 

Separation of means using the Bonferroni test 

 Extension approaches Mean score 

Visit to research station 1.701 f 

Incentives provided by promoting agent 2.08 e 

Participating in an exchange visit 2.139 de 

Village demonstration plots 2.399 cd 

Attending a field day 2.598 bc 

Emphasis by local extension agent 2.729 b 

If someone comes to give me advise 2.82 b 

Participation in agricultural training 2.84 b 

If I see my neighbour do it 3.211 a 

Peer pressure 3.335 a 

Mean scores followed by the same letters are not significantly different from each other 
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G.3 Extension agents and adoption of improved fallows 

ANOVA table 
Source of 

variation d.f. s.s. m.s. v.r. F pr. 

IMF 2 145.743 72.872 47 <.001 

Extnagent 8 1562.052 195.257 125.93 <.001 

IMF.Extnagent 16 46.054 2.878 1.86 0.02 

Residual 3465 5372.487 1.551     

Total 3491 7126.336       

 

Standard errors of differences of means 

Table IMF Extnagent IMF 

rep.  388  

d.f. 3465 3465 3465 

 s.e.d. 0.0675 0.0894 0.2024 

 

Least significant differences of means (5% level) 

Table IMF Extnagent IMF 

rep.  388  

d.f. 3465 3465 3465 

 l.s.d. 0.1323 0.1753 0.3968 

 

Separation of means using the Bonferroni test 

 Extension agent Mean score 

Farmer researcher 2.067 f 

Village headman 2.121 ef 

Researchers 2.126 ef 

Farmer trainer 2.379 e 

Farmer group 2.714 d 

Neighbours 2.93 cd 

Extended family 3.139 c 

Camp officer 3.461 b 

Own family 4.149 a 

Mean scores followed by the same letters are not significantly different from each other 
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G.4 Extension agents and adoption of biomass transfer 

 

ANOVA table 
Source of 

variation d.f. s.s. m.s. v.r. F pr. 

BTT 2 61.699 30.85 19.54 <.001 

Extnagent 8 1562.052 195.257 123.68 <.001 

BTT.Extnagent 16 32.508 2.032 1.29 0.196 

Residual 3465 5470.076 1.579     

Total 3491 7126.336       

 

Standard errors of differences of means 

Table BTT Extnagent BTT 

rep.  388  

d.f. 3465 3465 3465 

s.e.d. 0.1417 0.0902 0.425 

 

Least significant differences of means (5% level) 

Table BTT Extnagent BTT 

rep.  388  

d.f. 3465 3465 3465 

l.s.d. 0.2777 0.1769 0.8332 

 

Separation of means using the Bonferroni test 

 Extension  agents Mean score 

Farmer researcher 2.067 f 

Village headman 2.121 ef 

Researcher 2.126 ef 

Farmer trainer 2.379 e 

Farmer group 2.714 d 

Nieighbour 2.93 cd 

Extended family 3.139 c 

Camp officer 3.461 b 

Own family 4.149 a 

Mean scores followed by the same letters are not significantly different from each other 
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G.5 Soil fertility methods and adoption of improved fallows 

ANOVA table 

Source of variation d.f. s.s. m.s. v.r. F pr. 

IMF 2 281.931 140.965 95.87 <.001 

Fertmethod 7 1482.324 211.761 144.01 <.001 

IMF.Fertmethod 14 383.485 27.392 18.63 <.001 

Residual 3080 4528.896 1.47     

Total 3103 6676.636       

 

Standard errors of differences of means 

Table IMF Fertmethod IMF 

      

rep.  388  

d.f. 3080 3080 3080 

s.e.d. 0.0697 0.0871 0.1971 

 

Least significant differences of means (5% level) 

Table IMF Fertmethod IMF 

      

rep.  388  

d.f. 3080 3080 3080 

l.s.d. 0.1366 0.1707 0.3864 

 

Separation of means using the Bonferroni test 
Soil fertility improvement 

method Mean score 

Green manure 1.07 f 

Composting 1.26 ef 

Crop rotation 1.405 e 

Biomass transfer 1.518 e 

Improved fallows 1.956 d 

Conservation farming 2.253 c 

Animal manure 2.647 b 

Inorganic fertiliser 3.183 a 

Mean scores followed by the same letters are not significantly different from each other 
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G.6 Soil fertility methods and adoption of biomass transfer 

ANOVA table 
Source of 

variation d.f. s.s. m.s. v.r. F pr. 

BTT 2 271.7 135.85 89.18 <.001 

Fertmethod 7 1482.324 211.761 139.01 <.001 

BTT.Fertmethod 14 230.813 16.487 10.82 <.001 

Residual 3080 4691.799 1.523     

Total 3103 6676.636       

 

Standard errors of differences of means 

Table BTT Fertmethod BTT 

rep.  388  

d.f. 3080 3080 3080 

s.e.d. 0.1476 0.0886 0.4174 

 

Least significant differences of means (5% level) 

Table BTT Fertmethod BTT 

rep.  388  

d.f. 3080 3080 3080 

l.s.d. 0.2894 0.1737 0.8185 

 

Separation of means using the Bonferroni test 
Soil fertility 

improvement method Mean score 

Green manure 1.07 f 

Composting 1.26 ef 

Crop rotation 1.405 e 

Biomass transfer 1.518 e 

Improved fallows 1.956 d 

Conservation farming 2.253 c 

Animal manure 2.647 b 

Inorganic fertiliser 3.183 a 

Mean scores followed by the same letters are not significantly different from each other 


