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The globalisation of the world economy and advancements in science, including the use of biotechnology for agricultural
production has subjected agricultural technologies to market forces for their generation and dissemination. It is evident,
however, that while some technologies are more amenable to commercialisation, there are other technologies that
may still need strong participation of public institutions for their generation and dissemination. This study analysed a
total of 87 agricultural technologies in crop, food, and soil thematic areas with respect to the extent of incorporation
of innovation systems in the process of technology development, multiplication and commercialisation. Each of the
technologies was assessed in terms of its characteristics, actors involved and their roles at each stage of innovation. The
study found that the economic features and multiple dimensional characteristics of agricultural technologies determine
actors involved in the development and dissemination of the technologies through commercialisation. While 40% of
the technologies were conunercialised by business enterprises, 60% needed intermediation interventions. Features of
agricultural innovation system have been incorporated particularly under 'projects' implemented by R&D or NGOs,
which is an indication that the coverage and sustainability is subjective. Thus, government interventions in promoting
agricultural innovations should focus on both operations and policy issues for effective incorporation of innovation
system.
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Introduction
For decades, the agricultural sector has witnessed a
number of changes in the context of promoting techno-
logical changes in responding to emerging challenges.
Farmers have been progressively unable to engage prof-
itably in agriculture for a number of reasons, including:
limited access to technology, advances in technology
(e.g. biotechnology), climate change, the growing need of
inter-sectoral linkages, changing expectations of science,
technology and innovation, and environmental concerns
(Anandajayasekeram 2011, 2-3, World Bank 2008). In re-
sponding to these challenges, the mechanism of agricul-
tural innovation has gradually been shifting from a linear
technology transfer model to the building of Agricultural
Innovation Systems (AlS) (Chern a et al. 2003, 38, Hall et
al. 2005, Sumberg 2005, 22-23).

Despite the fact that these paradigm shifts have a great
potential in enhancing the effectiveness of agricultural re-
search, the extent to which they are effective will depend
on how well the new approaches are applied and adapted
to the diverse local conditions (Chema et al. 2003, Eicher
2006). For example, in developed countries where the ag-
ricultural research and service provision is privatised, ag-
ricultural technologies are behaving in the same way as

industrial technologies. In developing countries, particu-
larly sub-Saharan Africa (SSA), on the other hand, since
the liberalisation reforms of 1980s, the actors of agricul-
tural innovation have expanded. The NARS which were
established in many SSA countries (Taylor 1991), are now
made up of a conglomeration of private and public sec-
tors, NGOs, government agencies and civil society organ-
isations, and the technologies are characterised not only
by their physical features (physical product and knowl-
edge of application) but also by their economic features
(excludability, rivalry/subtractability and appropriability)
and level of sophistication. In this case the innovation ap-
proach may require different actors and relationships for
different types of technologies.

Consequently, various system-based innovation
frameworks/approaches have been developed and used
to analyse essential characteristics for specific innova-
tion systems such as: structural elements (Lundvall 1992,
Malerba 2002, Carlson et al. 2002) and functions (Hekkert
et al. 2007, Johnson 2001). Other scholars of system
studies have analysed innovation systems from the view
of systemic problems (Smith 2000, Klein- Woolthus et
al. 2005). Nevertheless, systemic problems were limited
to those within the description of the system (Carlsson
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system, on the other hand (including innovation system),
is constituted of components (actors) of innovation, rela-
tionships and their attributes (Carlsson et al. 2002, 234,
Lundvall 1992, 2, Hall et al. 2006, vi-vii). Carlsson et al.
(2002) define components as the 'operation part of the
system', relationships as 'the link between components'
and attributes as 'the properties of the components and re-
lationships between them' (Carlsson et al. 2002, 234).

The system thinking in agricultural (organisational and
institutional analysis) began, in SSA in the 1980s when
National Agricultural Research Institutes (NARls) evolved
to National Agricultural Research Systems (NARS) and
became focused on the research supply to enhance the
linear model of innovation (Taylor 1991). Since then,
there have been a number of attempts to use concepts from
the system of innovation theory in agriculture research and
innovation processes, hence progressively shifting from
linear model towards multiple, interactive and learning-
based systems of innovation. The major focus in the
NARS reform agenda includes: governance, decentralisa-
tion, stakeholder participation, emerging funding mecha-
nisms and strengthening of system linkages (Chema et aJ.
2003, 11-16, Clark et aJ. 2002) as well as knowledge and
information systems (World Bank 2006), which led to the
emergence of multiple actors and flexible AIS. The AIS
approach was pioneered in the agriculture domain from
the National Innovation System (NIS) by Andy Hall and
his colleagues (Hall et aI., (2005). AIS is defined as 'a net-
work of organisations enterprises, and individuals focused
on bringing new products, new process, and new forms of
organisations into economic use, together with the insti-
tutions and policies that affects the way different agents
interact, share, access, exchange and use knowledge' (Hall
et aJ. 2006, vi-vii). Having a broader set of relationships
between actors and contexts, AIS, in contrast to NARS,
offers a framework which accommodates flexible, mul-
tiple and evolving roles of actors that are determined by
the nature of their task, skills and resources available, in-
cluding high degree of market integration.

Scholars in agricultural innovation have highlighted
the different approaches that have been developed to
analyse agricultural innovation systems (Klerkx et al.
2012,457-465). This study, however, focuses on the struc-
tural and functional approaches of innovation systems.
Following the established argument that the functions of a
system are useful to signal the presence of systemic prob-
lems (problems with a system structure) which require
specific systemic instruments to be solved (Wieczorek and
Hekkert 2012, 78). This suggests that functional and struc-
tural analyses complement each other, leading to the iden-
tification of the systemic problems and proposing systemic
policy instruments.

The structural/infrastructural analysis views the AIS as
an innovation support infrastructure (Vellema 2008, cited
by Klerkx, et al. 2012), which offers possible linkages and
relationships among the diverse actors in AIS (Figure I),
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et al. 2002) which includes the components, the relation-
ships and attributes of components, and also the attributes
of relationships, as argued by Wieczorek et al. (2012).
However, in developing countries, particular the SSA
countries, where the NARS is characterised by public-pri-
vate relationships and agricultural technologies have both
public and private properties, the analysis of agricultural
innovation systems in the perspective of technology char-
acteristics is also crucial to highlight the essential features
of an agricultural innovation system suitable for a specific
country, in this case Tanzania, and emphasises the need for
institutional change for agricultural research organisations
to contribute more effectively to innovation.

This paper contributes to filling this gap by exploring
the kinds of actors (and their roles) that have been en-
gaged in the innovation process for agricultural technolo-
gies with different characteristics (physical and economic)
in Tanzania. Specifically, the study aimed at answering the
following research questions: What are the characteristics
of technologies generated from R&D in Tanzania? Who
are the actors and what have been their roles in the de-
velopment of those technologies and their uses? What is
the relationship between the characteristics of agricultural
technologies, actors involved and their roles?

Theoretical framework
The literature differentiates a 'systemic' agricultural inno-
vation framework (AIS) from the conventionally 'linear'
research-driven system framework, through va~ious in-
stitutional features that have influence on interaction and
the creation of an enabling environment for actors to inno-
vate (World Bank 2006, 27, Hall et al. 2005,3). However,
in developing countries, and Tanzania in particular, due
to inadequate entrepreneurial investments and enforce-
ment of Intellectual Property Rights (IPR) protection of
agricultural technologies (Ngwediagi 2009, 10), the ap-
propriability nature (the ability to capture all the benefits
accrued from innovation) determined by the characteris-
tics of agricultural technology, might be among the factors
influencing the innovation process mostly by determining
the type of participating actors and their roles. Therefore
two sets of literature were used in this study: the institu-
tional features determining the type of innovation systems
and the physical and economic features of agricultural
technologies.

Agriculture innovation systems: evolution of the concept
The term innovation is conceptualised differently as a
product, a process or a new way of applying knowledge.
While some scholars tend to adopt the narrow definition,
focusing mainly on technological innovations, others in-
clude non-technological innovation particularly institu-
tional components (Lundvall 1992) or social dimension
(Leeuwis 2004,12-13). Thus, in the context of this study,
innovation is conceptualised as 'anything new introduced
into an economic or social process' (OECD 1997, 12). A
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but the composition of actors may differ depending on the
location and institutional context (Freeman 1988, Nelson
1993). The major concern is to what extent the type of ac-
tors involved in any innovation and their attributes may
support or hinder agricultural innovation. Functional anal-
ysis, on the other hand, is trying to identify the missing
components or components that are not interacting ami-
cably (Hekker et al. 2007). Based on the generic functions
of innovation systems (Lundvall 1992, 2), the analysis
involves knowledge/technology development, entrepre-
neurship activities (in this case multiplication and dissemi-
nation) and economic utilisation.

Features of agricultural technologies: excludability,
rivalry and appropriability
Liberalisation of private economic initiatives in Tanzania
which included privatisation of agricultural technologies
from public research institutions such as seed and ferti-
liser (Skarstein 2005, 341) led to the emergence of public/
private sector relationships in agriculture. Though tech-
nologies embodied in the agricultural practices (such as
recommended seed rate, soil and water conservation) have
little market value, and are considered as 'public good',
which anyone could use without diminishing the value
(Van den Berg 2001, Fulton and Gray 2007), in many
SSA, there are exceptions regarding the appropriability
of newly generated technologies. Varieties of seed is a
good example: while hybrid seeds are considered as 'pri-
vate goods', seeds of open pollinated varieties (OPVs) for
which farmers can use seed from previous harvests, are
considered as public by business firms. Thus, other cat-
egories of economic features of agricultural technologies

such as impure public (mixed) goods are now recognised
in addition to the two classic groups, public and private
goods (Muraguri 2006, 2).

Therefore, although the private sector appeared to be
the most effective provider of goods and services because
of its stronger links with clients (Carney 1995, 13-26),
the concept of rivalry and excludability can be used as
a framework to predict whether the expected research
results (goods and services) will be provided by the pri-
vate sector or if market failure will necessitate the public
sector to provide, regulate or subsidise research results to
end users (Hall 2001, 5, Pineiro 2007). The term rivalry is
used for goods and services that one person's use or con-
sumption reduces their availability, while excludability re-
fers to the capture of property right to knowledge (Van den
Berg 2001,6). Thus, the extent of rivalry and excludability
influences the appropriability nature and consequently de-
termines whether a private actor takes up a certain activity
(Hall 2001, 5, Van den Berg 2001, 7).

The Tanzania case
In Tanzania, the trend of shifting towards a system mode
of innovation is illustrated by the policies and regula-
tions guiding research and development. In recent years,
Tanzania has been shifting from science and technology
(S&T) policies, which were dominant in 1970s and 1980s
towards science, technology and innovation (STI) (URT
2010). Under this new thinking, the emphasis is for the
scientific and technological knowledge generated by re-
search institutions to be responsive to the socio-eco-
nomic development of the country. On the other hand,
the National Research and Development Policy (NRDP)
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Figure 1: Possible actors in the agricultural innovation system. Adopted from CABIICTAIKlTNRLIEfWUR (2006), Rajalahti et al.
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of 20 I0, emphasises the commercialisation and dissemi-
nation of research results. Under the current NARS, agri-
cultural research is mainly conducted in government and
private R&D institutions and universities. Agricultural re-
search has largely been a public undertaking over the past
three decades (Rutatora and Mattee 200 I), but following
the provision for public-private sector relationships, the
current NARS is now a loose collection of multiple public,
NGOs and private institutions (Sempeho 2004).

The Agricultural Sector Development Strategy
(ASDS), which was adopted in 2001, formed the basis
for public-private partnership in support of agricultural
growth and rural poverty reduction. The Agricultural
Sector Development Programme (ASDP) which was
launched 2003 puts ASDS into effect at subsector level,
including research, and created the Zonal Agriculture
Research and Development Fund (ZARDEF) aimed at
making the research agenda demand-driven and also to
support technology transfer interventions (Sibuga 2008).

Through ASDP, the Zonal Information and Extension
Liaison Unit (ZIELU) was formed to enhance communica-
tion between research and Local Government Authorities
(LGAs), farmer groups/networks, the Agricultural Sector
Lead Ministries (ASLMs), national level organisations
and institutions. Parallel to ASDP, NARS adopted the
Client-Oriented-Research and Development Approach
(CORDEMA) in 2003 in order to contribute to enhance
agricultural innovation for poverty reduction. Therefore,
ASDP through CORDEMA facilitated public and private
providers of agricultural research to provide more relevant
and effective services.

However, with the exception of a few studies on multi-
sectorial system of innovation (Malerba and Mani 2009),
the focus of most studies on innovation systems is inclined
towards industrialtechnologies, mainly effective knowl-
edge sharing (Szogs and Lugano 2006, Szogs 2010), role
of mediator organisations (Szogs 2008, Szogs et aI. 2011)
and cluster initiatives (Diyamett 2009).

Methodology
Tanzania has 16 government agricultural research centres
located in seven ecological zones under the mandate of the
Ministry of Agriculture Food Security and Cooperatives.
The centres are involved in crops, food and soil researches
in relation to their respective ecological zones. Initially,
the study intended to survey all research centre, how-
ever, 13 out of the 16 centres were visited, the other three
could not be reached because of logistical difficulties. In
addition, the study included three private Agricultural
Research Institutions (ARIs) dealing with two major cash
crops: coffee and tobacco, and Sokoine University of
Agriculture (SUA). This made a total of 17 research insti-
tutions surveyed by the study.

Data collection and sources
The research was conducted between July 2012 and
March 2013, and data were collected in two phases. Phase
One involved identifying all commercialisable technolo-
gies generated in all the 17 research institutions, followed
by identifying the researchers responsible for the devel-
opment and dissemination or commercialisation of each
of the technologies. Commercialisable technologies in
this case included technologies in the form of physical
products, designs or formulations that require either man-
ufacturing or multiplication before dissemination, for ex-
ample, planting materials such as seed or seedlings and
agro-chernicals. Commercialisable technologies also in-
cluded practices or protocols that require special facilities
or equipment in order to be effectively utilised. Therefore,
a list of all commercialisable technologies generated by
each research institution between 1995 and 20 I0 and
their associated developer/disseminator was established.
Phase Two involved administering questionnaires to each
of the researchers associated with each of the identified
technologies. In this case, all generated technologies were
surveyed. Reliability and validity of data were achieved
by administering questionnaires through personal inter-
views to ensure that respondents achieved a uniform un-
derstanding of terms used in the questions, and also for
clarification as deemed necessary. In addition, documen-
tary review especially on reports was used for validating
data from the questionnaires.

Data analysis
Analysis of the data involved quantitative and qualitative
methods. Quantitative data on characteristics of technolo-
gies (objective one) and on actors and their roles (objec-
tives two and three) were analysed using the Statistical
Products for Service Solution (SPSS) version 16 in ex-
ploring frequencies and percentages. A cross-tabulation
with Chi-square (c-) test was employed at 5% level of sig-
nificance (Pall ant 2005), to see if any association existed
between the physical and economic characteristics of ag-
riculture technologies. Other data were more qualitative in
nature, and some had multiple answers, hence inferential
statistical analysis was not illuminative. Therefore, large
numbers of qualitative responses were reduced through a
meaning categorisation (Kvale 1996). Results were cross-
tabulated whereby answers from different questions were
summarised in tables and correlated. Materials from the
survey were related to the analytical framework of this re-
search (as described in above).

Results and discussion
Characteristics of technologies generated from R&D
institutions
A total of 134 technologies were identified from 17 re-
search institutions including 16 ARIs (government and
private), and SUA. However, only 87 technologies were
surveyed (Table I). The information for the remaining
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Table 1: Surveyed agriculture technologies grouped in terms of their physical and economic characteristics (n = 87)

Physical feature
Economic features

Total
Public good Private good Mixed good

Physical product 0 22 (25%) 60 (69%) 82 (94%)
Protocol 5 (6%) 0 0 5 (6%)
Total 5 (6%) 22 (25%) 60 (69%) 87 (100%)

47 technologies could not be easily accessed. Seventy-
eight (90%) of the technologies were crop-based and were
mainly on improved varieties and seedling propagation.
Of the remaining technologies, 5 (6%) were on food sci-
ence and 4 (5%) were on soil science.

Table 1 shows the number of surveyed technologies
according to their physical and economic characteristics
and their distribution differed significantly (c2 = 87.000,
p = 0.0001). Most (94%) of the technologies were phys-
ical products and the remaining were sets of procedures or
protocols governing the development of certain products.
Furthermore, the results indicated that 60 technologies
(69%) had characteristics of mixed goods. Mixed goods
are essentially public goods in the sense that they are non-
excludable and non-rivalrous, but since they needed fur-
ther investments (for multiplication/manufacturing) for
them to be available, their access can be denied to those
who cannot pay for the product hence they become private
(Umali and Schwartz 1994). Similar results were reported
by Muraguri, (2006) who showed that only few agricul-
tural technologies fall neatly under either public or private
goods while the majority were mixed goods.

Thus, although all the surveyed technologies needed
further investments for multiplication or manufacturing,
the fact that they were potentially public goods made en-
trepreneurs, such as commercial seed companies or agen-
cies, less interested to invest in them. This situation makes
the developed technologies unavailable for use by the gen-
eral public due to what may be termed as market failure.
Van den Berg (2001), relates market failure with a situa-
tion whereby the private sector is either non-existent or
not willing to invest because the goods are non-rivalrous
and non-excludable.

On the other hand, five (6%) technologies were in the
form of protocols. Despite being public goods, protocols
also needed either sophisticated and/or expensive equip-
ment or special skills for mass multiplication, which were
not within the capacity of agricultural entrepreneurs,
hence, resulting in the unavailability of the technologies
for the majority of farmers, for example in vitro propa-
gated banana seedlings. This is synonymous with systemic
failure, a situation whereby firms and/or sectors fail in
adapting to new a technological development due to low
levels of knowledge and ability to learn (Smith 2000, 95).

Roles of different actors involved in agriculture
innovatio"n
To examine the contribution of each actor in agricultural
innovation, this study split the process into three phases:
(1) technology development; (2) technology multiplica-
tion or manufacturing; and (3) technology dissemination
and commercialisation.

Stage One: Technology development
At this stage, six key actors were identified, and, ex-
cept for the business enterprises, the roles of all actors
were predetermined by their institutional roles and/or
defined by the research arrangement (Table 2a) such as:
Researchers - sources of research ideas for all 87 (100%)
technologies; Donor or financing institutions - financing
researches; Local Govenunent Authorities (Extension ser-
vices) - community mobilisation and training; Farmers -
provide feedback; and Regulatory bodies - regulate the
quality of the technologies for quality assurance. Business
enterprises were involved in developing the five (6%)
technologies (Table 2a) in which the R&D was obliged
to identify, contracting or consulting business firms who

Actors Roles

Table 2a: The actors involved at technology development stage and their roles

Percentage of
technologies*

Source of research idea and technology development
Verification of technology performance
Identify and involve business enterprises to design and produce specific materials and/or

equipment needed in processing or application of new technologies.
Extension staffmobilise the community to participate and provide field supervision on trials

and demonstrations
Farmers contribute in kind (land and labour) and evaluate the performance and acceptability

of new technology
Regulatory bodies Quality assurance

R&D institutions:
Researcher

Local government
authorities:
Extension service

100

6

84

*Percentage of technologies that benefited from roles performed by the actor

69



Case 1: The multidimensional nature of the cassava
flour processing technology
Researchers from Sokoine University Agriculture de-
veloped a protocol for the production of quality flour
and animal feed from fresh cassava; an engineer (ma-
chine designer) from a private firm designed the cassava
chopper according to the requirement prescribed by the
researchers. The researchers, engineer, livestock keepers
and feed millers tested the technology and developed the
technology package (the machine and processes). The de-
velopment partner, Farm Africa provided funds for dissem-
ination of the technology package and Tanzania Gatsby
Trust an experienced Non-Governmental Organisation
(NGO), managed the funds for dissemination through a
revolving fund arrangement so as to add the commercial
perspective in acquiring the technology. The technology
was disseminated to farmer s groups in Kibaha, Kibiti and
Mlandizi in the Coastal Region.
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would design or provide machinery with specific specifi-
cations which were needed as components of new tech-
nologies. Hence, business enterprises were also regarded
as a source of research ideas. This is different from the
early mechanism of agricultural innovation (technology
transfer) under NARS whereby the public sector was the
main actor, oriented to diffuse knowledge to farmers to
enable them to unlock the knowledge embedded in the
products (chemicals, seeds, equipment) through extension
services so as to increase productivity.

The policy reforms of 1990s and the privatisation of
some public services shifted the government-driven re-
search system to a multi-actor system in which private
actors (such as input companies/industries) came to play
a larger role (Chema et al. 2003, 38). Thus, business en-
terprises appeared not only as new actors within the agri-
cultural knowledge infrastructure but also established new
roles for the R&D institutions.

The outcome of interaction of actors in the technology
development stage caused some of the resulting technolo-
gies to be constituted of multidimensional components
available from multiple sources and not from a single sup-
plier (the R&D), hence transfer of such technology pack-
ages needed the concurrent interaction of more than one
supplier of different products and services (Case I). This
challenge requires a new institutional and organisational
orientation for R&D to interact with business enterprises
and also for business enterprises (multipliers) to access the
complete package. This will require policy instruments to
guide interaction between R&D and industry on issues re-
lated to intellectual property disclosure agreements, own-
ership of innovation and incentive schemes. Intermediate
organisations are reported as one of the options ill dealing
with this problem whereby they facilitate innovation by
providing the bridging and brokering role needed (Klerkx
and Leeuwis 2008, Hall et al. 2005).

Stage Two: Multiplication of developed technologies
Despite the fact that the surveyed technologies required
business enterprises to do the multiplication before dis-
semination or commercialisation, the findings (Table 2b)
indicate that only 35 (40%) of the technologies were mul-
tiplied by business enterprises. The responsibility for mass
production of the remaining 52 (60%) technologies, were
left to five different actors namely R&D, farmers' groups,
NGOs, Local Government Authorities (LGAs) and private
processing companies (Table 2b). However, the role of
technology multiplication was not a core function of most
of these actors, except where necessary as an imbedded
activity and/or a complement to their principal goals and
subject to the availability of resources. For example, the
reported engagement ofR&D in technology multiplication
and particularly for the sophisticated or complex technolo-
gies (Table 2b) happened because there were no business

Actors Roles

Table 2b: The actors involved in technology multiplication stage and their roles

Percentage of
technologies *

Mass production of technology for selling
Propose and implement donor funded project to:
Establish demonstration plots,
Facilitate establishment of commercial farmer's managed multiplication farms
Facilitate establishment of spin-off business enterprises particular for sophisticated

technologies
Contracted by NGOs and companies to multiply
Contract R&D to multiply and distribute technologies to groups free, particularly to vulnerable

households
Facilitate establishment of secondary multiplication nurseries
Establish commercial multiplication units (fanners owned) through the support from NGOs

and R&D, whereby farmers provide land and labour and some NGOs guarantee market of the
innovated technologies from entrepreneurs.

Regulatory bodies Quality control of the products
Company (processes) Guarantee purchase of the outcome of innovation at least initially

Support farmer group in the establishment of commercial seed multiplication farms.

Business enterprises
R&D institutions

Local government

Farmers

40
45

9

36

24
2.2

*Percentage of technologies that benefited from roles performed (or facilitated) by the actor
Note that some of technologies were handled by more than one actor.
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enterprises that could afford to do the job. Hence, the idea
was to establish a spin-off business where the expertise
and facilities from the owner of the technology can easily
be accessed. As for the involvement of the LGAs, this was
governed by the Local Government Reform Programme
(URT 1998) and the Agricultural Sector Development
Programme (ASDP) (URT 2003), whereby government
funds were provided to the District Councils for this pur-
pose. At the same time, the NGOs were interested in im-
proving the income levels of the people and hence rural
livelihoods (Case 2).

Case 2: Development NGO as a facilitator for
agricultural innovation
The Mwanza Rural Housing Program (MRHP) started
in J 990 with the main aim of supporting the rural popu-
lation in Mwanza Region and improving the standard of
their habitat. An evaluation which was conducted in J 998,
revealed that despite MRHP s efforts in disseminating
knowledge and skills on the building of low-cost houses,
farmers did not have the financial resources needed to
invest in improving their habitats. The only source of in-
come for the farmers was agriculture (mainly green gram
and cowpeas), which its production had been declining
due to unavailability of quality seeds. Thus MRHP part-
nered with Catholic Relief Services (CRS) to implement
Misungwi Grain Legume Pilot Project (MGLPP) aimed
at improving grain legume production. MGLPP used a
collection of complementary interventions including new

seed variety, seed multiplication, integrated pest manage-
ment and improved agricultural marketing techniques.
MGLPP facilitated formation of farmer s groups to
manage both seed multiplication and marketing on com-
mercial bases. To strengthen the farmer organisation,
MGLPP also facilitated formation of Saving and Internal
Lending Communities (SILC). Later on, under the sup-
port of CSR, SILCs were merged to form SILC Group
Association (SIGA) as marketing cooperative that negoti-
ated with buyers of crops produced by SILC members.

This is in line with the observation by Klerkx and
Leeuwis (2008, 270), who urged that in developing coun-
tries, some NGOs and projects have taken up intermedia-
tion roles either as a core or embedded activity to support
business enterprises with agricultural innovations.

Table 2b further reveals that other actors such as R&D,
LGAs and farmer groups who were involved in the multi-
plication of the remaining 52 (60%) of the surveyed tech-
nologies, performed this role as an extra function, either as a
project targeting specific location for a specific time, or as a
one-time intervention. This raised the issue of sustainability
and scalability. However, in the course of implementing
these agricultural innovation projects, new facilitation roles
emerged which were neither a source nor a carrier of tech-
nology, such as: establishing commercial multiplication en-
terprises, demand articulation, managing interfaces, linking
actors from different cognitive and cultural backgrounds
and financing. The current literature on innovation terms
these types of organisations that are involved indirectly in

Actors Roles

Table 2c: The actors involved in technology dissemination and commercialisation stage and their roles

Develop project or request special funds to support multiplication and
dissemination of technology through:
Direct selling or distribution through training and demonstrations
Establ ishment of spin-off business enterprises
On farm demonstration trials
Training of business enterprises (processing)
Develop and distribution of educational materials: brochures, exhibitions (ZIELU)
Selling from multiplication units

R&D Institutions

Local Government

Number of technologies
Per role Total

83
36
3

19
5

82
6

82
82
35 35
12

28
6
5
5
16
I 17

14

17

24 24
4 4

Farmers groups
NGOs

Training field days and exhibition (Extension service)
Selling from commercial multiplication units
Distribute technologies to end-users (farmers) freely

Establish credit /revolving fund
Subsidising products from business enterprises (multipliers)
Support value addition (processing) of the outcome of innovation

Business enterprises Selling to end-users
Produce components of technology according to the order from multipliers
(entrepreneurs or R&D or individuals)

Government (MAFSC) Provide competitive funds (ZARDEF) to support Quality Declared Seeds (QDS)
or subsidies to specific crops of priority
Establish ATTC to show case new technologies from R&D and to liaise between
stakeholders
Intellectual Property Right protection
Facilitate patenting

PBR,BRELA*
SUA Technology
Transfer Office*

* No evidence for these actors influencing dissemination



package) concerning improved varieties were more likely
to adopt improved varieties compared to households
which had no information.

The third category of actors supported the dissemina-
tion/commercialisation of33 (38%) technologies indirectly
by either developing the market for the technology or artic-
ulating the demand through subsidies, credit schemes, spin-
off business enterprises or support value addition (Table
2c). The fourth category consists of actors meant to create
favourable conditions/incentives for business enterprises to
operate, for example the Plant Breeders' Rights (PBR) of-
fice and the Business Registration and Licensing Agency
(BRELA) (Table 2c). However, there was no evidence that
this last category of actors does create conducive environ-
ment for dissemination or commercialisation of any tech-
nology, at least during the time of the survey. Here, legal
instruments were considered only in the narrow sense of
protecting intellectual property (IP) rights and not as facili-
tating the innovation process.
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enabling stakeholders in the innovation process as innova-
tion intermediaries (Hall et al. 2005, Klerkx and Leeuwis
2008) or innovation brokers (Klerkx and Leeuwis 2009,
Klerkx and Gildemacher 2012). However, the question is
whether or not the existing R&D institutional framework
can accommodate these emerging roles.

Stage Three: Technology dissemination and
commercialisation
A total of eight actors (except donors) were involved in
the dissemination of all 87 identified technologies (Table
2c). From the analysis of the roles of the actors presented
in Table 2c and in relation to the results in Table 1, four
different categories of actors can be differentiated at this
stage: the first category was actors involved in the dis-
semination of the 82 (94%) technologies in the form of
physical products (Table 1 and 2c) through direct sale or
free distribution, examples includes R&D, LGAs, farmer
groups, NGOs and business enterprises; the second cat-
egory included actors who were specialised in handling
technology in the form of information. These actors were
Zonal Information and Extension Units (ZIELU), LGAs
(extension service) and Ministry of Agriculture Food
Security and Cooperatives (MAFSC) through Agricultural
Technology Transfer Centres (ATTCs). Different actors in
this category handled all 87 technologies (Table 2c). This
implies that, 82 (94%) technologies in the form of phys-
ical products, were handled by both the first and second
categories of actors .. This suggests that most of the tech-
nologies constitute two components i.e. physical and in-
formation components, which require different specialised
actors, media and strategies for their effective dissemina-
tion. This was also illustrated by the study cf Kavia et
al. (2007, 1877) on factors affecting adoption of cassava
in the Lake Zone Regions of Tanzania which showed that
households which received information (technological

The relationship between characteristics of
agriculture technologies, actors and their roles in
innovation
Linking the characteristics of the surveyed technolo-
gies (Table 1) and actors involved in agriculture innova-
tion and their roles (Table 2 a, b & c) shows that actors
and their alignments in the innovation process (develop-
ment, multiplication and commercialisation) seem not to
be uniform across the technologies. For example, all tech-
nologies characterised as physical products 82 (94%) were
disseminated with their accompanied knowledge (of ap-
plication) .. However, the physical part was further devel-
oped through the enterprise domain while the knowledge
part, being a public good, was diffused through the inter-
mediary's domain (one-to-one) such as extension ser-
vices (Table 3). Further analysis shows that private goods

Characteristics of technologies %

Table 3: Characteristics of agriculture technology, actors and their roles in agriculture innovation (n = 87)

Examples of technologiesSystem actors / components involved
Enterprise domain: Private firms, R&D and
LGAs
Support structures: Subsides from
Government, private and NGOs
Intermediary domain: (Facilitators): NGOs,
LGA, and R&D that facilitated establishment
of commercial multiplication units and
demand articulation
intermediary domain (diffusion) sectors
(LGAs through Extension services and
R&D through ZIELU) and ATIC including
brochures, training, exhibitions and
demonstrations
Intermediary domain: through Business
established at R&D (spin-off enterprises).
intermediary domain: (facilitators): supported
designing or accessing associated technologies

Physical product Private good 25%

Mixed good 69%

The knowledge of use or
application of technologies

94%

Sophisticated 3%

Protocol Public 6%

*Open Pollinated Varieties of crops

Hybrid varieties of crops,
fertiliser types

OPY*, and vegetative
planting materials

Agronomic practices

Banana tissue culture
seedlings
Cassava flour processing
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22 (25%) were handled by actors under the enterprise do-
main and sometimes motivated by subsidies (Table 3).
Mixed good 60 (69%) on the other hand, were managed
through the intermediary domain that facilitated establish-
ment of enterprise (Table 3). The three (3%) technologies
that needed sophisticated techniques were commercialised
through specific business (spin-off enterprises) established
at R&D institutions. This implies that characteristics of
technology influenced both type of actor and their roles,
and interaction within the agriculture innovation system.

The notable findings in Table 3 were that some actors
were flexible, taking multiple roles needed for innovation.
For example, LGAs and R&D appeared in different do-
mains (i.e. undertake different roles) for different types of
technologies. This observation signifies a systemic nature
of an innovation system, such as innovation is a result of
interaction of different actors and their roles. However,
since most of these interventions were donor-funded
through projects or programmes, hence a question of sus-
tainability emerged. The challenge is whether the existing
R&D and LGAs institutional framework can facilitate the
link and coordination of these different domains (entrepre-
neurs and intermediary).

Conclusions and recommendations/policy implications
The objective of the study was to identify characteris-
tics of agriculture technologies generated by R&D in
Tanzania, and examine their influence on actors involved
and their roles in agriculture technology innovation
system. The main characteristics of technologies identi-
fied include: physical and economic characteristics and
level of sophistication.

Most technologies were in the category of physical
products and mixed goods. Very few surveyed technolo-
gies were in the form of protocol and pure public and
private goods. Being pure public or mixed goods, the tech-
nologies were less attractive to entrepreneur. Therefore,
basing on the economic and physical features of the ag-
ricultural technologies, the actors and their alignment
in innovation, seem not to be uniform, while 35 (40%)
technologies were taken up by business enterprises, 52
(60%) technologies needed intermediaries (such as LGAs,
NGOs and R&D) to overcome market and systemic fail-
ures. Hence, in the Tanzanian context (and other similar
countries in SSA), the 'physical and economic' features
of agricultural technologies can be considered as essential
features of an agricultural innovation system in addition to
the previously highlighted features by Hall et aI., (2005: 3)
which constitute mainly the 'institutional' based features.
Hence, for the agricultural technologies to be available to
the end-users, policies and framework should facilitate
SMEs with skills, funds and expertise to enable them to
invest in dissemination of agriculture technologies.

Furthermore, the roles of actors are evolving
as the economic characteristics of technologies are
changing along the innovation processes (development,

multiplication and dissemination), for example R&D
are navigating from being a source of knowledge, inter-
mediary organisation to a business enterprise. Thus the
roles for the actors of innovation (both public and pri-
vate) are evolving beyond what is predetermined by their
institutional roles and mandates. This signifies the prac-
tices of complex and systemic approaches of innovation.
However, these changes are not yet adequately institution-
alised and the emerging innovation intermediation roles
are not yet officially recognised as crucial for agricultural
innovation. These findings highlight the essential features
of agricultural innovation needed for technologies of dif-
ferent characteristics, hence, emphasising the need for
institutional change for all key actors of agricultural in-
novation if research results are to be effectively utilised.

The observed initiatives of adopting the systemic
approach of innovation are mainly under project inter-
vention, which raises the issue of sustainability and scal-
ability. The study suggests that for research capacity to
innovate in systemic context it requires capacity develop-
ment, institutional change, and flexibility to respond to
multiple recipients' priorities. Also we concur with Smith,
(2000, 96) for the rational public support to innovation
intermediaries.

In addition, even though different national policies
advocate private sector involvement in technology devel-
opment and commercialisation, local context may in var-
ious ways limit their roles; hence deliberate partnerships
between public and civil society organisations may be a
better option. Further studies are needed to investigate on
roles and attributes of innovation intermediation,
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