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In order to facilitate Participatory Technology Development (PTD) in African agriculture, extensionists 
and scientists must collaborate with local innovators to optimise (where necessary) and disseminate 
their innovations.  This literature review proposes a conceptual model for PTD in which technology is 
developed in the context of an adoption cycle. Building on an innovation-decision approach, the 
characteristics of innovations that achieve widespread uptake are identified. The link between these 
characteristics and livelihood constraints and strategies, capital assets and the role of communication 
is emphasised. Although the agroforestry innovation-decision process occurs in the absence of 
external intervention, by understanding the characteristics of adoptable innovations in the context of 
adoption behaviour, it may be possible to identify new roles for extensionists and scientists.  They may 
be able to facilitate PTD through the identification of innovators and their innovations, optimise and 
adapt innovations with reference to the proposed model, and disseminate innovations to other 
smallholders who may benefit from them. 
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INTRODUCTION 
 
Optimising participation 
 
There is a growing awareness that agricultural research 
and development must build upon farmer expertise; 
identifying, facilitating and building upon local innovation.  
As the Transfer of Technology (ToT) paradigm is 
increasingly replaced in African agriculture by the drive to 
facilitate Participatory Technology Development (PTD) 
(Haverkort et al., 1991; Martin and Sherington, 1997), it is 
becoming evident that scientists and extensionists need 
to develop a more facilitatory role.  Farmer experiment-
tation must be supported, innovators and their innova-
tions identified, and where necessary it may be possible 
to work with innovators to optimise their innovations, and 
disseminate them to other smallholders who may benefit 
from them (Reij and Waters-Bayer, 2001a).   

In order to effectively facilitate PTD it is essential to 
understand what makes a good innovation.  This can only 
be answered by the potential users who will adopt or 
reject innovations according to a complex range of inter-
linked criteria. So why certain innovations are widely 
adopted and rapidly spread, while others see limited up-
take and diffusion? This paper provides a critical review 

of PTD, in the context of a new model for agroforestry 
adoption. Building on diffusion theory (Rogers, 1995), 
eight key design characteristics are identified and review-
ed in the context of dynamic farmer needs, objectives, 
capital assets and communication. Finally, new roles are 
proposed for extensionists and scientists working on 
agroforestry technologies and related development 
programmes. 

A better understanding of factors influencing the deve-
lopment of optimal technologies can facilitate wider parti-
cipation and co-operation between farmers, extensionists 
and scientists, to optimise agroforestry technologies for 
widespread uptake and diffusion to enhance rural 
livelihoods. 
 
 
Agroforestry adoption: current understanding 
 
In the context of an adoption cycle, it is possible to deve-
lop a more holistic conception of PTD with reference to 
dynamic farmer needs, objectives,  personal  characteris-  



  

 
 
 
 
tics, capital assets and communication, in addition to the 
technological characteristics of the innovations them-
selves. Although there have been few major advances in 
the study of agroforestry adoption since Mercer and Miller 
(1997) identified it as a key priority for future research, 
there are two notable exceptions. Swinkels and Franzel 
(1997) developed a three-stage model, in which adoption 
potential depends on the feasibility, profitability and ace-
ptability of an agroforestry technology. Pannell (1999) 
defined four conditions necessary for farmers' adoption of 
innovative farming systems: 
• Awareness of the innovation.  
• Perception that it is feasible to trial the innovation. 
• Perception that the innovation is worth trialing.  
• Perception that the innovation promotes the farmer’s 

objectives. 
Feasibility (the appropriate information and resources to 
manage a technology) and profitability were clearly 
defined by Swinkels and Franzel (1997). However, their 
acceptability component depended on a diverse range of 
factors, including perception of risk, suitability to accepted 
gender roles, cultural acceptance, and compatibility with 
other enterprises. Based on diffusion theory (Rogers, 
1995), the model presented here attempts to create a 
more functional classification for acceptability factors, and 
offers a more holistic understanding of feasibility and 
profitability in the context of farmer needs, objectives, 
capital assets and communication.  It also attempts to 
explain how perceptions of agroforestry innovations form 
in relation to farmer objectives and the feasibility and 
utility of trials (Pannell, 1999). 
 
 
An innovation-decision approach 
 
Although agroforestry is an age-old practice, it has deve-
loped in response to similar pressures in numerous often 
isolated societies, and continues to be re-invented by the 
communities that use it (Gilmour, 1987; Fujisaka and 
Wollenburg, 1991; Filius, 1997; Nasr et al., 2001). 
Aspects of agroforestry technologies that an individual 
has not formerly encountered may also be considered 
“innovations”. Rogers (1995) describes adoption as a five 
step “innovation-decision process” (dashed arrow in 
Figure 1) in which farmers: 
• Gain knowledge of an innovation (such as 

agroforestry); 
• Seek information about the likely consequences of 

adoption and form an attitude towards it; 
• Decide to adopt or reject the innovation; 
• Implement the innovation; and 
• Confirm their innovation decision by seeking re-

enforcement, and discontinue it if exposed to conflicting 
experiences and messages.  
Rogers (1995) identifies five key characteristics of inno-

vations that determine their adoption potential: relative 
advantage,   trialability,  compatibility,   observability   and  
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complexity. The most significant of these are usually high 
relative advantage, high compatibility and low complexity 
(Tornatzky and Klein, 1982).  In addition to these charac-
teristics, the agroforestry innovation-decision model 
presented in Figure 1 includes adaptability, integrates the 
innovation-decision process with farmer needs, object-
tives, and capital assets (natural, human, social, physical 
and financial), and examines the role of communication in 
the innovation-decision process. 

There have been many applications of diffusion theory 
in the field of agricultural technology (Rogers, 1995). 
Although partial applications of the theory have occurred 
in agroforestry (for example Evans (1988) in Paraguay, 
and Alavalaparti et al. (1995) in India), there have been 
few attempts to apply or develop diffusion theory in this 
field since it was first suggested by Raintree in 1983. 
 
 
A new model for agroforestry adoption 
 
The model presented in Figure 1 is iterative, recom-
mencing as needs and objectives change, and as capital 
assets change. Farmer needs and objectives are the 
primary stimulus for the development or adoption of an 
agroforestry innovation, and these are influenced by their 
capital asset endowments. The characterisation of farmer 
needs and objectives, and the opportunities and con-
straints presented by their capital assets have been 
discussed extensively in the sustainable livelihoods 
literature (Carney, 1998; Ashley, 2000). Although agro-
forestry systems have the capacity to meet a diverse 
range of objectives, effectively communicating how agro-
forestry can help meet them may be key to success 
(Strong and Jacobson, 2006). 

In the developing world, people often innovate to 
sustain their livelihoods ("livelihood constraints and stra-
tegies" in Figure 1), in response to population pressure 
on a limited natural resource base ("natural assets" in 
Figure 1) (Reij and Waters-Bayer, 2001b).  Whether an 
innovator chooses to disseminate their innovation, or 
other farmers observe the innovation for themselves, the 
mode of communication through which farmers become 
aware of an agroforestry technology will influence their 
perception of it. Different communication channels are 
more effective at different stages in the innovation-deci-
sion process. For example, mass media channels are 
relatively more important at the knowledge forming stage, 
whereas interpersonal channels such as other farmers 
and extension workers are relatively more important at 
the attitude forming stage (Copp, 1958).  Evaluation of an 
innovation is to a large extent based on the experience of 
similar individuals (who share socio-economic status, 
education, beliefs etc).  Communication tends to be more 
frequent and more effective between such individuals 
than between more dissimilar individuals (Lazerfield and 
Merton, 1964). However, this phenomonon can hinder 
the spread of ideas through diverse communities (Grano-
vetter, 1973). If an agroforestry  technology  is  communi- 
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Figure 1. The agroforestry innovation-decision model, showing the corresponding stages of Rogers’ (1995) 
innovation-decision process (dashed arrow) (AF = agroforestry) 

 
 
 
cated effectively, its perceived complexity may be reduc-
ed, and observability and adaptability increased, enhanc-
ing its adoptability. 

Depending on the outcome of this evaluation, the 
agroforestry innovation will be adopted and implemented, 
or rejected. If it is adopted and implemented, re-
enforcement will be sought. If the innovation meets the 
needs and objectives of the farmer satisfactorily, and they 
are not exposed to conflicting messages about the inno-
vation, their decision is likely to be confirmed. If the 
converse is experienced, the innovation may be disconti-
nued. In order to meet the needs and objectives that 
persist, farmers will acquire knowledge about alternative 
strategies, and repeat the process.  Alternatively, the 
innovation may be adapted, and depending on the cha-
racteristics of the modified innovation, it may be adopted 
and implemented, or rejected. 

Once farmers have become aware of a  "new"  agrofor- 

estry technology, they begin to seek information about 
the likely consequences of adoption and form an attitude 
towards the agroforestry innovation in relation to non-
agroforestry alternatives and current practice. During this 
process, agroforestry innovations are evaluated using up 
to six criteria relating to innovation characteristics: rela-
tive advantage, trialability, compatibility, adaptability, 
observability andcomplexity. These are now considered 
in turn, to examine the factors affecting the likely adoption 
of new agroforestry technologies. 
 
 
Relative advantage 
 
In addition to financial profitability (Swinkels and Franzel, 
1997), relative advantage accounts for “subsistence pro-
fitability”. This assesses the opportunity costs of the 
innovation, and its contribution to subsistence needs. The  



  

 
 
 
 
opportunity cost includes the value of resources lost or 
forgone in order to develop agroforestry, and the time 
invested that could have been spent elsewhere. Relative 
advantage assesses the profitability of an innovation in 
relation to current practice and other alternatives, such as 
natural forest resources. It also accounts for temporal 
aspects of profitability, as farmers assess the timing and 
magnitude of costs and benefits at each stage of an 
innovation’s life cycle. For example, the relative advan-
tage of an agroforestry technology is influenced by the 
timing and size of initial investment, maintenance costs, 
sustainability, food and income security and the imme-
diacy of rewards associated with the system.   

Pannell (1999) identifies the ability to assess the 
profitability of agroforestry innovations in relation to cur-
rent practice and other alternatives as a major challenge. 
The relative advantage of agroforestry systems will vary 
with farmer needs and objectives, current practice, capital 
assets at their disposal and viable alternatives.  However 
some illustrative generalisations can be made.  Due to 
the slow growth of most tree species, the time-scale over 
which rewards are delivered through agroforestry sys-
tems is considerable, reducing their relative advantage 
(Snapp et al., 1998). In common with forestry enterprises, 
this means that profitability needs to be determined with 
reference to discount rates, which are typically high. 
However, without specialist training or assistance, such 
calculations are beyond the reach of most African small-
holders. The cost of exiting an agroforestry system can 
be high.  For example, it can sometimes be higher than 
the cost of clearing primary forest (Votsi et al., 1997). The 
primary maintenance cost in agroforestry systems is 
labour, which can be higher than other land use systems, 
for example pasture maintenance.  Agroforestry systems 
may have to compete with non-cultivated supplies from 
natural forests where extraction costs can be lower than 
cultivation costs (Guimaraes and Di Addario, 1998). In 
addition, the opportunity cost of land for other uses is 
particularly significant for smallholders (Dove, 1991), who 
are often perceived to benefit most from agroforestry 
technologies, and should be taken into account in loca-
tion decisions (Hoekstra, 1983).  

The benefits of preventative technologies are often 
long-term and in the absence of long term trials, it is often 
difficult for farmers to predict the cost of non-adoption.  
These factors reduce observability and trialability, and 
make it difficult to assess relative advantage. As a cones-
quence, the adoption of preventative technologies is 
characteristically slow (Rogers, 1995). This may explain 
the low adoption rates of many agroforestry interventions 
with conservation objectives, such as erosion or defores-
tation control, unless their fulfilment will bring immediate 
rewards. Having said this, some agroforestry intervene-
tions have attempted to meet unperceived or low priority 
problems by packaging them as by-products of solutions 
to high priority problems (Raintree, 1983; Evans, 1988). 

Creating incentives (financial or  material  rewards  and  
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penalties) can increase the relative advantage of inno-
vations. Although more people may adopt an innovation if 
incentives exist, the quality of adoption may be poor, 
leading to partial implementation and discontinuation 
(Rogers, 1995). For example, the financial incentives 
given to farmers who participated in the Malawian Tree 
Planting Bonus Scheme (Dewees, 1995) resulted in poor 
silvicultural practices and high tree mortality due to 
farmers planting trees at extremely high densities in order 
to claim the maximum payment.  
 
 
Trialability 
 
Experimentation with innovations on a trial basis prior to 
adoption increases the likelihood of adoption (Rogers, 
1995). Trialability is a more important factor for early 
adopters than for late adopters, who tend to substitute 
the experience of others for their own trial (Ryan, 1948). 

Farmers are characteristically risk adverse 
(Binswanger, 1980; Reeves and Lilieholm, 1993), and 
trials offer a valuable means of reducing perceived risk 
(Evans, 1988; Scherr, 1992).  Trialability can be poor in 
agroforestry systems due to the length of commitment 
required to plant trees on a trial basis. Demonstration 
plots can improve trialability if farmers are prepared to 
substitute the experience of demonstrators for their own 
trial.  This often occurs informally when farmers substitute 
their own trial of an agroforestry innovation for the expe-
rience of their peers. Where this occurs, the trialability of 
an innovation is highly dependent on effective commu-
nication between farmers.   
 
 
Compatibility 
 
Analogous to Swinkels and Franzel (1997) concept of 
feasibility, compatibility assesses the extent to which a 
technology is compatible with environmental and socio-
cultural factors, and farmer needs and objectives. For a 
technology to be adoptable, it must be compatible with 
the physical environment of the target area. For agro-
forestry technologies, species must be selected with 
reference to climatic and edaphic factors. They must also 
be compatible with existing land use systems, and pre-
viously introduced innovations (for example, intercropping 
may not be compatible with mechanised ploughing and 
harvesting systems). Agroforestry technologies that build 
on and incrementally improve existing land-use systems 
are likely to be more compatible than technologies that 
replace these systems. In order to build upon existing 
systems, it is necessary to understand their processes 
and components, and the current role of trees. An 
assessment of existing tree species, and their use, 
management and interaction with other components of 
the agricultural system should therefore form the basis for 
development of agroforestry interventions. 

Sociological studies have shown that innovations which 
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are consistent with socio-cultural values are adopted 
more rapidly than innovations which conflict with these 
values (Hassinger, 1959). For example, the right to plant 
trees is restricted in some societies because tree planting 
can confer property rights on the planter (Fortmann, 
1987).  
 
 
Adaptability 
 
The extent to which an innovation can be adapted to 
meet dynamic user demands and specifications can 
influence its adoption potential.  In addition to character-
ristics of the agroforestry technology itself, adaptability 
depends on the adaptive capacity of farmers (influenced 
by factors such as marketing knowledge, access to credit 
and risk aversion).  Votsi et al. (1997) describe these two 
components of adaptation as agronomic and socio-
economic “agility”. Understanding an innovation is a pre-
requisite to effective adaptation, as adaptation without the 
appropriate knowledge can result in technologies that are 
ineffective, inefficient and sometimes counter-productive 
(Larsen and Agarwala-Rogers, 1977).  

The inter-relatedness of components in agroforestry 
systems can limit the extent to which they can be adap-
ted, as the adaptation of one component may influence 
other related components. Nevertheless, the multi-
product, multi-component nature of agroforestry technolo-
gies tends to make them more adaptable than single 
component agronomic innovations (Votsi et al., 1997). It 
is possible to alter the crop, product and input mix or any 
combination of these in response to changing needs, 
objectives or capital assets. This obviates the need to 
adopt different innovations under changing circum-
stances. Consequently, adaptable innovations have lower 
discontinuation rates (Rogers, 1995).   
 
 
Observability 
 
If the effect of an innovation is highly visible, it will be 
adopted more readily (Rogers, 1995).  The slow growth-
rates of trees make their effects and rewards difficult to 
observe (Snapp et al., 1998).  Indeed, some conservation 
benefits are indirect and intangible. One of the mecha-
nisms through which trials can increase adoption rates is 
by tangibly demonstrating the benefits of an innovation. 
As such, demonstration plots can improve the observa-
bility of agroforestry systems and have been shown to 
have a direct impact on agroforestry adoption rates 
(Evans, 1988).  
 
 
Complexity 
 
Innovations which are unfamiliar and/or difficult to 
understand and implement are less likely to be adopted 
than technically simple innovations (Rogers, 1995; Strong 
and Jacobson, 2006). The complexity of  an  agroforestry  

 
 
 
 
innovation depends on the characteristics of the inno-
vation and the farmer.  For example, young and more 
educated farmers are more likely to adopt new technolo-
gies and are likely to adopt them before other sectors of 
society (D’Souza et al., 1993). Having said this, younger 
farmers may favour agroforestry innovations simply 
because they have longer planning horizons than older 
farmers, and cost-benefit calculations for agroforestry 
systems tend to favour long planning horizons.  It should 
also be noted that although younger farmers may be 
earlier adopters, innovators tend to be older and more 
experienced (Reij and Waters-Bayer, 2001b).   

Social forestry interventions with group adoption object-
tives have been shown to increase the social tree tenure 
and the distribution of responsibilities and benefits 
(Cernea, 1992). Most agroforestry projects are now con-
ducted at a household level, although the nature of many 
common grazing lands often makes group-centered 
approaches unavoidable. Effective communication and 
trials or demonstration plots can reduce the level of com-
plexity perceived. 
 
 
New roles for extensionists and scientists 
 
The agroforestry innovation-decision process (Figure 1) 
takes place in the absence of any external inputs; indeed, 
there is evidence that it has done so throughout history 
(e.g. Gilmour, 1987; Fujisaka and Wollenburg, 1991; 
Filius, 1997; Nasr et al., 2001).  However, by under-
standing what makes a "good" innovation that is likely to 
be widely adopted and rapidly spread, it may be possible 
to identify new roles for extensionists and scientists in 
which they can facilitate optimal PTD (Figure 2). 

Table 1 shows some typical characteristics of innova-
tive farmers.  In the absence of external help to identify, 
optimise and communicate innovations to other small-
holders, the responsibility to disseminate an innovation 
lies with the innovator. Project experience has shown that 
these farmers often promote their innovations energetic-
cally to their peers, investing considerable time and 
resources. However, this is not always the case, and is 
often beyond the priorities or capabilities of innovators.  

Dissemination of innovations, particularly beyond the 
immediate community in which they arose, is therefore a 
key role for development agencies.  Extensionists may 
also be able to enhance the efficacy with which innova-
tions are communicated, thereby reducing the perceived 
complexity, and enhancing their observability and adap-
tablity. 

Before innovations can be disseminated, they must be 
identified. As such, they must be clearly defined, and 
definitions may vary from area to area (for example, whe-
ther "family innovations" developed by parents or grand-
parents should be considered innovations).  Extensionists 
may be the most effective agents to identify innovators 
and their innovations. However, they must be able to 
leave the ToT framework in which they were often trained 
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Figure 2. The agroforestry innovation-decision model (grey), showing the role of extensionists and scientists 
(black) (AF = agroforestry). 

 
 
 

trained, in order to learn effectively from farmers. 
In some cases, there may be an opportunity to improve 

the innovations that have been identified, before dissem-
inating them more widely. Extensionists and scientists 
should collaborate closely with innovators in this process. 
An understanding of the technological characteristics that 
lead to adopatable innovations (Figure 1), and an aware-
ness of the inter-linkages between innovations, capital 
assets, and livelihood constraints and strategies, can 
inform this process. In addition to optimising new inno-
vations, extensionists and complexity of innovations, for 
example issues of land and scientists may be able to 
collaborate with innovators and communities to adapt 
rejected or discontinued technologies. 

Conclusion 
 
It may be possible to facilitate more effective participation 
in agroforestry technology development between innova-
tors, extensionists and scientists, by better understanding 
the characteristics of adoptable technologies. The model 
proposed in this paper provides a route to achieving this, 
through a holistic understanding of agroforestry adoption.  
Building on this approach, it may be possible to optimise 
participation in agroforestry technology development to 
achieve widespread uptake and diffusion and enhance 
rural livelihoods. It is clear that extensionists and scien-
tists must adopt new roles to facilitate this, gaining 
access to and building on local innovation as the starting 
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Table 1. Some characteristics of innovative farmers 
 

Innovative farmers are more likely to be: Reference 
Younger Neupane et al. (2002); Chianu and Tsujii (2004) 
Better (formally) educated than average Upadhyay et al. (2003); Chianu and Tsujii (2004); 

Masangano and Miles (2004); Boz and Akbay 
(2005) 

Owners of larger than average land holdings Salam et al. (2000); Upadhyay et al. (2003); Boz and 
Akbay (2005) 

Owners of higher than average numbers of livestock Neupane et al. (2002) 
More wealthy Hossain and Crouch (1992); Mahapatra and Mitchell 

(2001); Upadhyay et al. (2003); Wu and Pretty 
(2004); Boz and Akbay (2005) 

Using credit Boz and Akbay (2005) 
Food secure Chianu and Tsujii (2004) 
Familiar with relevant extension programmes Yaron et al. (1992); Salam et al. (2000); Upadhyay 

et al. (2003) 
In regular contact with extension staff Boz and Akbay (2005) 
Members of village organisations Mahapatra and Mitchell (2001); Neupane et al. 

(2002) – males only 
In households with more social connections than 
average 

Wu and Pretty (2004) 

Using more modern farming techniques Mahapatra and Mitchell (2001) 
Less likely to perceive risks associated with 
agricultural production 

Mahapatra and Mitchell (2001) 

In good mental health Hounsome et al. (2006) 
Considered to be hardworking by their peers Reij and Waters-Bayer (2001b) 
Working on land in key sites e.g. steep slopes, run-
on sites or close to large gullies 

Reij and Waters-Bayer (2001b) 

Usually full-time farmers Reij and Waters-Bayer (2001b) 
 
 
 
point for development interventions.  
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