
Agricultural Systems 193 (2021) 103219

Available online 9 July 2021
0308-521X/© 2021 Elsevier Ltd. All rights reserved.

A functional analysis of the role of input suppliers in an agricultural 
innovation system: The case of small-scale irrigation in Kenya 
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• Input suppliers are important actors in 
agricultural innovation systems (AIS). 

• We apply a ‘functions’ approach to 
study how input suppliers influence AIS. 

• We present a case on suppliers of small- 
scale irrigation technologies in Kenya. 

• Input suppliers influenced several func-
tions in Kenya’s small-scale irrigation 
AIS. 

• The ‘functions’ approach enabled an in- 
depth analysis of input suppliers in AIS.  
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A B S T R A C T   

CONTEXT: As a direct link between farmers and manufacturers of technologies, the characteristics and activities 
of input suppliers can be expected to play an important role in the generation and diffusion of innovations in 
agricultural systems. While the agricultural innovation systems (AIS) literature recognises the importance of 
input suppliers, there are few studies from the Global South assessing the nature and implications of their 
activities. 
OBJECTIVE: The aim of this paper is to improve the understanding of how input suppliers can influence the 
functioning and development of AIS in the Global South. 
METHODS: We first adapt the ‘functions of innovation systems’ framework to examine the role of these private- 
sector actors in an AIS, identifying three activity categories, through which input suppliers can influence the AIS: 
market creation for technological innovations, the creation and dissemination of knowledge, and influence on 
technology priorities. We then apply the framework to a case study of the small-scale irrigation sector in Kenya. 
RESULTS AND CONCLUSION: The case study documents the emergence of a new cohort of irrigation-equipment 
suppliers during the period of strong growth in the market for small-scale irrigation technologies since 2000, and 
examines how they affect the small-scale irrigation agricultural innovation system (SIAIS). We find that Kenyan 
irrigation-input suppliers perform important activities and roles in the SIAIS aside input supply, notably pro-
vision of advisory services, improvement of the supply chain for irrigation technologies, introduction and ad-
aptations of new types of irrigation equipment, and facilitation of access to farm credit. Irrigation-input suppliers 
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in Kenya thus play an important role in the functionality of the SIAIS, particularly regarding knowledge creation 
and dissemination. 
SIGNIFICANCE: The novelty of the paper lies in its empirical assessment of input suppliers in the small-scale 
irrigation sector and its application of the functions framework. The paper shows that input suppliers can 
become effective agents of knowledge diffusion once the market has reached a sufficient size and documents how 
they contributed to knowledge development as they develop, adapt and test specific irrigation equipment. The 
paper also emphasises that input suppliers can form a key link between national AIS and foreign companies, as 
they bring in foreign expertise (know-how) to the market along with agricultural technologies. We therefore 
suggest that policy interventions in support of smallholder irrigation should seek leverage from the growth and 
capacities of input suppliers as a complement to public research and extension.   

1. Introduction 

Irrigation is a key technology for increasing agricultural productivity 
in the Global South, as it improves crop growth and crop quality in areas 
with irregular and low rates of precipitation (Xie et al., 2018). For 
smallholders, irrigation can be a transformational technology because of 
its potential to stabilize, increase and commercialize farm production, 
resulting in improved productivity and livelihoods (De Fraiture and 
Giordano, 2014; Izzi et al., 2021; Pittock et al., 2020). This paper ex-
amines smallholder irrigation in Kenya, where the market for small- 
scale irrigation is relatively well-developed for Sub-Saharan Africa 
(SSA) and there has been a considerable increase in the number of 
market actors in recent years (Mendes and Paglietti, 2015; USAID, 
2016). Yet despite the large technical and economic potential of irri-
gation, use of irrigation technologies among smallholders remains low 
in Kenya (MALF, 2019; MWSI, 2019), as in other parts of SSA (Belder 
et al., 2007; Harrison, 2018; Oates et al., 2015; Venot et al., 2017). This 
suggests the existence of specific challenges or barriers to the develop-
ment and diffusion of irrigation technologies among smallholders 
(Bjornlund et al., 2017; Froebrich et al., 2020). 

In Kenya, the barriers include financial constraints (restricting access 
to credit to cover equipment and installation costs), a fragmented irri-
gation infrastructure (limiting access to irrigation water), uncertain 
agricultural market conditions (increasing the risks of investing in irri-
gation), inadequate natural conditions (e.g. water scarcities) and poorly 
functioning supply chains for irrigation technologies (limiting access to 
affordable and appropriate equipment) (Blank et al., 2002; GoK, 2013; 
Mendes and Paglietti, 2015; MWSI, 2019). Furthermore, barriers related 
to knowledge capacities locally are significant in respect of irrigation 
development among smallholders in SSA. That is because smallholders 
typically have little technical know-how and awareness of irrigation 
technologies (Mati, 2008; Mdemu et al., 2017), while public extension 
systems have often fallen short in providing the support and advisory 
services needed (Bjornlund et al., 2020; GoK, 2013). This has also been 
the situation in Kenya, where support services for smallholder irrigation 
have been inadequate (MWSI, 2019), and the extension system has 
lacked the technical capacity and services needed to raise awareness of, 
teach and demonstrate irrigation technologies among smallholders 
(Hornum and Bolwig, 2020; Kulecho and Weatherhead, 2005). This, in 
turn, has created a gap between technical capacity and smallholder 

needs (GoK, 2013). 
Improvements in a range of factors and conditions for technological 

development and diffusion are thus needed to advance smallholder 
irrigation in SSA, including innovations in technologies, practices and 
business models, as well as improvements in infrastructure, markets and 
institutions at different scales (Froebrich et al., 2020). Agricultural 
Innovation Systems (AIS) have increasingly been used by scholars and 
development organisations as a framework for analysing and addressing 
the development and diffusion1 of agricultural innovations in the Global 
South. AIS has been defined as “a network of organisations, enterprises, 
and individuals focused on bringing new products, new processes, and new 
forms of organisation into social and economic use” (World Bank, 2007). 
Researchers have used the AIS framework to analyse the roles, activities 
and interactions of the many actors involved in creating, accessing and 
exchanging knowledge and technologies in AISs (Turner et al., 2016). 
These studies have explored how certain actors and conditions at 
different levels (country, sector, technology, or a combination of levels 
(Kernecker et al., 2021; Klerkx et al., 2012)) enable or hinder the 
diffusion of specific agricultural technologies (Hounkonnou et al., 2018; 
Ortiz et al., 2013; Yang et al., 2014). They thus provide insights into 
processes of agricultural innovation in different AIS and identifying sites 
of intervention for both governments and donors (World Bank, 2007). 

Actors and their capacities, activities and interactions are the central 
components in studies of AIS (Spielman and Birner, 2008). Such actors 
include research organisations, regulatory bodies and extension ser-
vices, as well as agricultural value-chain actors, particularly farmers, 
input suppliers, and food processors and distributors. Recently, there has 
been an increased interest in how actors outside the traditional research 
and extension system influence AIS (Klerkx et al., 2012; Knierim et al., 
2015; USAID, 2019). In line with this trend, this paper focuses on sup-
pliers of agricultural inputs and technologies (in short, input suppliers) 
as key actors in AIS. As a direct link between farmers (end-users) and 
technologies, input suppliers have power over the factors that shape the 
diffusion of these technologies, such as pricing, distribution networks, 
marketing and feedback from end-users (Lejars and Venot, 2017). Input 
suppliers are agribusinesses that manufacture, distribute and/or sell the 
inputs and equipment used in agricultural production (Rabatsky and 
Krause, 2017), such as seeds, fertilizers, tractors and irrigation systems. 
Input suppliers have connections to actors across the value chain, such 
as government organisations, international manufacturers, exporters 

1 Here we use the term ‘diffusion’ in the descriptive sense to denote the 
process whereby an innovation is increasingly adopted by the members of so-
ciety (Rogers, 1995). In the AIS literature, the concept of diffusion is often 
associated with the ‘transfer of technology’ perspective and its more linear 
understanding of how innovations develop and spread across scales (i.e. from 
scientist to farmer) (World Bank, 2007). Contemporary AIS scholars instead see 
technical, social and economic change as the outcome of the whole innovation 
system (Klerkx et al., 2012), which is also the view taken in this paper. Some 
AIS studies, and in particular research on development initiatives, use ‘scaling’ 
instead as a concept to describe the dissemination and uptake of agricultural 
innovations (Minh et al., 2021; Schut et al., 2020), i.e. how innovations can go 
to ‘scale’ (Wigboldus et al., 2016)). However, we prefer the term ‘diffusion’, 
which is more widely used. 
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and other agribusinesses. As well as delivering the technology, input 
suppliers are in a position to provide information, develop and 
disseminate knowledge, mobilize finance and thus take part in agricul-
tural innovations through their activities, capabilities and networks 
(USAID, 2019). Existing studies tend to focus on how input suppliers 
take part in agricultural extension and advisory systems (Faure et al., 
2017; Zhou, 2015), and some observe that they have often fallen short of 
facilitating more systemic change among smallholders (Minh et al., 
2020; Odame and Muange, 2011). Aside from research studies, inter-
national development organisations have supported input suppliers as a 
way to improve smallholder agriculture.2 However, comprehensive 
analyses of how input suppliers influence other parts of an AIS are 
lacking. 

Studies of small-scale irrigation in the Global South have docu-
mented the presence and roles of local wholesalers and retailers of 
irrigation equipment in national agricultural-input markets (Abric et al., 
2017; Colenbrander and van Koppen, 2013; Garb and Friedlander, 2014; 
Namara et al., 2014). Research has documented how these irrigation 
technology suppliers (ITS) undertake a range of activities, ranging from 
the provision of technology, including delivery and installation, to 
training in agricultural practices, the facilitation of credit opportunities, 
linking farmers to markets and training in business development (Lejars 
et al., 2017; Mashnik et al., 2017; MWSI, 2019). A few studies have 
addressed how ITS takes part in agricultural innovation processes. Lejars 
and Venot (2017) showed how local retailers in Morocco became 
important ‘innovation intermediaries’ for the expansion of drip irriga-
tion technologies, while Minh et al. (2020) described how ITS in Ghana 
have both developed (e.g. customized and bundled packages of irriga-
tion equipment and service) and utilized innovations to overcome 
challenges in respect of financing and agricultural extension. Given the 
limited empirical evidence, there is reason to explore further how ITS 
contribute to the generation and diffusion of small-scale irrigation 
technologies. 

Against this backdrop, this paper aims to improve understandings of 
the role of input suppliers in the functioning and development of agri-
cultural innovation systems in the Global South. We perform a case 
study of ITSs in Kenya and ask how they contribute to the generation and 
diffusion of small-scale irrigation technologies? To address the question, 
we investigate how these actors fulfil key innovation system functions 
(Hekkert et al., 2007) through an analysis of their activities, strategies, 
capabilities and networks. An ITS can be considered an agricultural- 
input supplier specializing in irrigation. We define ITS as firms that 
sell and/or produce irrigation equipment, either as their only business 
activity or as an important part of their business. We exclude engi-
neering firms and consultants that do not produce or sell irrigation 
equipment. 

The paper is structured as follows. Section 2 presents the conceptual 
framework used in the paper and describes how input suppliers may 
influence the functionality of innovation systems. Section 3 describes 
the development of the SIAIS with a focus on the emergence of ITS, as 
well as setting out the methods of data collection and analysis. In Section 
4, we analyse the role of ITS in small-scale irrigation development, based 
on how they take part in and affect the functions of the SIAIS. Section 5 
reflects on the applied approach and discusses the contributions of the 
paper, while Section 6 provides a short conclusion. 

2. Conceptual framework 

2.1. Functional analysis of AIS 

In this article, we show how the ‘functions of innovation systems’ 
approach, or functions approach (Hekkert et al., 2007), can be used to 

analyse the performance of an AIS (Klerkx et al., 2012). The innovation 
process is influenced by the structural composition of the innovation 
system, that is, the presence of actors, institutions and their networks 
(Bergek et al., 2008). The performance of these structures determines 
how so-called innovation-system functions can be successfully realised 
as the outcome of interactions between the actors in the system (Hekkert 
et al., 2011). The functionality of an innovation system such as the SIAIS 
is described through the fulfillment of seven functions, namely entre-
preneurial activities, market formation, resource mobilization, knowledge 
development, knowledge diffusion, guidance of the search, and creation of 
legitimacy, all of which are fundamental to technological and institu-
tional change. Functional analysis therefore focuses on the processes 
that are important for innovation systems to perform well, and it can 
also elucidate how certain structures affect innovation-system func-
tionality (Bergek et al., 2008; Hekkert et al., 2007). 

Several functional assessments of AIS have been carried out in recent 
years. For example, Turner et al. (2016) and Lamprinopoulou et al. 
(2014) analysed AIS functionality nationally, while Eastwood et al. 
(2017) applied the approach to examine the role of public and private 
research and extension in precision-farming innovation systems. The 
approach has also been promoted as a promising avenue for investi-
gating AIS in the Global South (Rajalahti et al., 2008), where functional 
assessments have been carried out to explain failures and identify op-
portunities to enhance the innovation capacity of specific AIS at the 
national-sectoral (Kebebe et al., 2015), regional (Minh, 2019) and 
technological levels (Schiller et al., 2019; Sixt et al., 2018). 

In this paper, we use the functions approach to examine the role of a 
specific actor (input suppliers) in an AIS. We specifically analyse how 
input suppliers influence small-scale irrigation development in Kenya 
through three categories of activity, each covering several innovation- 
system functions: market creation for technological innovations, the 
creation and dissemination of knowledge, and influence on technology 
priorities. 

2.2. Assessing the influence of agricultural input suppliers on innovation- 
system functionality 

Innovation system functions can be assessed using proxy activities as 
indicators of the respective function (Bergek et al., 2008; Hekkert et al., 
2007), while examining how actors take part in these activities can 
reveal how they contribute to each function. Hence, studying the ac-
tivities of input suppliers and their interactions with other structures in 
the AIS enables us to identify the mechanisms through which the input 
suppliers can influence innovation system performance. To put this idea 
into practice, in the remainder of this section we describe how input 
suppliers can take part in AIS through their activities and interactions 
with other actors, and then review the existing research on input sup-
pliers with regard to how they shape AIS functionality. The review is 
based on the literature on AIS (e.g. Kilelu et al. (2013), Knierim et al. 
(2015), Kernecker et al. (2021)) and small-scale irrigation development 
in the Global South (e.g. Abric et al. (2017), Froebrich et al. (2020), 
Lejars et al. (2017)). 

Actors guide, support, generate, diffuse and adopt agricultural in-
novations (OECD, 2013) and consist broadly of individuals, groups, 
organisations and corporate actors (Knierim et al., 2015). As actors 
interact and share knowledge throughout the innovation process (Klerkx 
et al., 2012), unfolding these interactions can provide insights into how 
a particular innovation develops (Hermans et al., 2013). Actors can take 
on the roles of developer, supporter and/or implementer of innovations, 
roles that are dynamic because they entangle actors in changing settings 
that might either support or disable them (Kernecker et al., 2021). Here 
it is useful to distinguish between product and process innovations 
(Meeus and Edquist, 2006). Product innovations entail the introduction 
of a good or service that is new to the market or has improved features. 
In the case of SIAIS, this translates into an ITS producing, importing or 
adapting new irrigation technologies, as well as the auxiliary services 

2 Recent examples in Kenya include USAID’s Kenya Agro-dealer Strength-
ening Program and UNDP’s Agribusiness Supplier Development Programme. 
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they offer. Process innovations are new or improved business processes 
potentially effecting changes in organizational structure, marketing, 
external relations, or production and delivery methods. 

Furthermore, it is important to consider how much power or ability 
an actor has to influence AIS performance. This can be understood 
through the concept of agency, defined as the actors’ ability to intervene 
in and make a difference to the course of events, including the exercise of 
political, economic and institutional power (Smith et al., 2005). In this 
paper, we are concerned with the agency of input suppliers with respect 
to the performance of the SIAIS in Kenya. 

Input suppliers can have links with multiple actors in the AIS, not just 
farmers, but also manufacturers, exporters, financers, R&D institutions, 
government agencies and donor organisations. These links can facilitate 
flows of funds, skills and knowledge, which can take place through 
market transactions and interactions in formal and informal company 
alliances, user-supplier networks, public-private partnerships, etc. 
(Meeus and Edquist, 2006). Based on existing innovation-system 
frameworks (Kuhlmann and Arnold, 2001; Spielman and Birner, 
2008), for the purposes of this paper we have developed a framework 
that places input suppliers at the centre of the AIS and value chain for 
agricultural technologies and services (Fig. 1). In the framework, input 
suppliers have links to multiple actors in the AIS, both in the value chain 
for agricultural technologies and services and to other supporting actors. 
Furthermore, input suppliers and their links are embedded in an 
enabling environment, which denotes the range of institutional, eco-
nomic and political conditions that are conducive for the innovation 
system and the diffusion of innovations (Nygaard et al., 2015). These 
broader framework conditions, such as agricultural product markets, the 
financial environment, agricultural and water policies, and informal 
institutions (i.e. attitudes, norms and behaviour) are important to take 
into account as they create incentives or disincentives for input suppliers 

and thus shape how they take part in AIS development. The framework 
is a conceptualisation of how input suppliers take part in and contribute 
to AIS functionality through their activities and interactions with other 
AIS actors and structures. Hence, we use it to analyse the role of input 
suppliers in (irrigated) AIS performance using the functions approach 
(Table 1). The following sub-sections unfold this framework and use it as 
a point of departure for discussing the contribution of agricultural input 
suppliers in the Global South to innovation system functions in the 
context of small-scale irrigation in Kenya. 

2.2.1. Market creation for technological innovations 
The innovation-system function of market formation is often under-

stood as demand creation through policy interventions such as changes 
to the tax regime, investment regulations and infrastructure (Bergek 
et al., 2008; Hekkert et al., 2007), a process that is mainly carried out by 
the public sector. Yet studies of irrigation in the Global South stress how 
the presence of ITS is vital for a well-functioning value chain and hence 
for market creation. For example, Bosma (2016) demonstrates the 
importance of local suppliers in increasing the use of petrol pumps for 
irrigation in western Kenya. Lejars and Venot (2017) show how the 
evolving network of local retailers of drip irrigation enabled a rapid 
expansion of this technology in the Säiss region of Morocco, while Abric 
et al. (2017) observe how an organized network of suppliers of low-cost 
irrigation technologies successfully improved supply-chain develop-
ment in Niger and Burkina Faso. Similarly, de Vries et al. (2006), (p. 24) 
note how an irrigation supplier in Kenya and Tanzania “encourages and 
assists micro and small enterprises to distribute (as dealers or retailers) these 
technologies to make them widely available.” Moreover, Colenbrander and 
van Koppen (2013) found that the value chain for motorised irrigation 
pumps is underdeveloped in Zambia, reminding us that the lack of 
irrigation suppliers in rural areas remains a challenge in creating 

Fig. 1. Analytical framework: input suppliers and their connections to other actors and structures in an AIS in the Global South, i.e. actors in the value chain for 
agricultural technologies and services and supporting actors, as well as political, institutional, economic conditions and informal institutions that foster or impede 
innovation. 
Source: based on Kuhlmann and Arnold (2001) and Spielman and Birner (2008). 
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markets for irrigation technologies among smallholders. Indeed, ITS can 
be an important way of articulating the demand for irrigation from 
smallholders (cf. USAID (2019)). Based on the above, we expect that a 
strong presence of ITS in both national and local markets is important for 
the creation of a well-functioning market for irrigation technologies. 

Input suppliers also have power over what kinds of technology are 
available in the market and how fast new technologies are introduced in 
national markets, thereby influencing farmers’ responses to new op-
portunities or requirements (World Bank, 2007). This suggests that input 
suppliers are in a position to influence resource mobilization in an AIS by 
introducing technologies to farmers. Moreover, studies of smallholder 
irrigation in the Global South have shown how ITS create a link between 
financial institutions and farmers by helping the latter access credit and 
subsidies (Abric et al., 2017; Babu and Zhou, 2015; Lejars and Venot, 
2017). 

Finally, researchers and practitioners have recently highlighted the 
provision of bundled packages of technology and services as key inno-
vative solutions to boost irrigation development for smallholders (Nance 
et al., 2020). In Kenya, Kilelu et al. (2019) show how input suppliers 
may take advantage of the business opportunities created by the 
increased demand for advisory services from the growing middle class. 
Lejars et al. (2017) observe that ITS in Morocco have capitalised on 
absent or weak institutions regarding agricultural credit, training and 
technical advice. Therefore, input suppliers can be important to the 
function of entrepreneurial activities, and the entry of new firms is 
commonly used as an indicator of this function (Bergek et al., 2008). 

2.2.2. Creation and dissemination of knowledge 
Input suppliers can contribute to the creation and dissemination of 

knowledge in an AIS through the provision of extension and advisory 
services to farmers. They can also be an important source of technical 
knowledge for farmers (Aerni et al., 2015; Christoplos, 2010), as they 
provide advisory services as part of their marketing and sales activities 
(Faure et al., 2017; USAID, 2019). This function has been described as 
‘brokering as a side activity’ (Kilelu et al., 2011; Klerkx et al., 2009). In 
the Global South, van Veldhuizen et al. (2018) observe that input sup-
pliers are increasingly providing services to small and medium-size 
farmers, while Cristóvão et al. (2012) argue that these and other 

private-sector actors are increasingly being recognised as important 
providers of technical assistance and support services to farmers. This is 
in part because input suppliers are often the main or only connection 
between farmers and input markets (Stewart and Hyysalo, 2008), 
placing them in a privileged position to provide technical advice, market 
information and other services (van Veldhuizen et al., 2018). For 
example, Mirani et al. (2007) mention that suppliers of agricultural 
pesticides and fertilizers are the most influential sources of information 
about agricultural inputs for smallholders in India. 

ITS are important actors in the local dissemination of knowledge 
relating to irrigation systems (Abric et al., 2017; Izzi et al., 2021; Mendes 
and Paglietti, 2015; MWSI, 2019), making them an important actor for 
knowledge diffusion in SIAIS. Hence, Wanvoeke et al. (2015) found that 
local ITS in Burkina Faso provide important agricultural services, and 
noted that many of these firms rely on donor-funded irrigation projects, 
which often pay for their services. ITS can also play an active role in 
reconfiguring technological innovations (Lejars and Venot, 2017), 
which can involve adapting or “translating” (Garb and Friedlander, 
2014) the hardware to the local context, as Benouniche et al. (2014) 
reported for Morocco. These insights suggest that ITS take part in 
developing practical knowledge for the local context, although activities 
related to knowledge development might mainly be carried out in external 
markets and/or by public and private research institutions. 

2.2.3. Influencing technology priorities 
Input suppliers may influence technology priorities in agricultural 

markets, i.e. the acceptance of a technology and its preference over 
incumbent technologies among both technology end-users and policy- 
makers. How irrigation technologies are perceived by various actors, 
especially the end-users, and whether there is a clear vision in the sector 
regarding technology priorities, are important factors in developing 
small-scale irrigation systems. As innovative technologies often meet 
resistance from established actors in the innovation system, actors will 
need to lobby and support the technology for the innovation system to 
develop (Hekkert et al., 2011). Hence, activities that help to influence 
priority-setting (guidance of the search) and enhance social acceptance of 
the technology (creation of legitimacy) are important to AIS functionality. 
As input suppliers attempt to bring specific technologies to market, their 

Table 1 
The role of input suppliers in AIS assessed through the seven innovation-system functions, with a focus on small-scale irrigation. The functions are grouped into three 
activity categories through which input suppliers can influence the generation and diffusion of agricultural technologies: market creation for technological in-
novations, the creation and dissemination of knowledge, and influence on technology priorities. Based on Bergek et al. (2008) and Hekkert et al. (2007).  

Activity category Innovation-system 
function 

Function description Indicators for examining the role of input suppliers 

Market creation for 
technological 
innovations 

1.Entrepreneurial 
activities 

Entrepreneurs (such as farmers, agri-exporters, input suppliers, 
etc.) turn the potential of new knowledge, networks, and markets 
into concrete actions to develop and capitalize on business 
opportunities. 

Entry of input suppliers, their activities, and how they 
experiment to exploit business opportunities 

2. Market 
formation 

Market formation and demand creation through e.g. tax regime, 
change in regulations, and investment in irrigation infrastructure 
complementary to the innovation. 

Input suppliers participating in (public) tendering processes, 
increase in imports due to change in tax regime. 

3. Resource 
mobilization 

Activities related to mobilizing financial, human and physical 
resources needed. 

Input suppliers involved with provision of loans, 
mobilization of technical capacities, and mobilization of 
new technologies. 

Creation and 
dissemination of 
knowledge 

4. Knowledge 
development 

Process of learning and developing knowledge through formal 
research (e.g. at universities and research centres), the private 
sector (e.g. agri-input supplier, irrigation input suppliers), or at the 
individual level (e.g. farmers). 

Participation in demonstration projects and pilots of 
technologies. 

5. Knowledge 
diffusion 

The exchange of information through networks, where research 
and development (R&D) meets government and markets (including 
suppliers and end-user). 

Training and support services to farmers, participation in 
farmer field days, and partnerships with public and private 
sector with provision of consultative services. 

Influencing technology 
priorities 

6. Guidance of the 
search 

Activities that set a clear vision about the future of irrigation, e.g. 
national irrigation plans, bills, government targets around 
technologies. Also activities that positively affect the visibility and 
clarity of demands from farmers. 

Awareness campaigns and success stories making the needs 
of farmers clearer. 

7. Creation of 
legitimacy 

Advocacy to overcome potential resistance to a new technology 
(benefit of modern irrigation, i.e. drip irrigation versus incumbent, 
conventional furrow irrigation). 

Input suppliers advocating for technologies.  
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advocacy of the benefits of technologies may help overcome resistance 
among smallholders and intermediate actors like development projects. 

As guidance regarding search activities are related to making the 
needs of technology users visible (Hekkert et al., 2007), input suppliers 
may also influence AIS functionality by advocating specific irrigation 
technologies and arguing how they benefit smallholders. Depending on 
their agency, these activities can create a positive agenda regarding the 
future of the technology and thus influence the priorities of other actors 
such as project- and policy-makers. 

The functions approach, as set out above, can help identify and 
analyse the activities through which input suppliers take part in and 
influence an AIS, thereby enabling a nuanced analysis of the role of 
private-sector actors in the generation and diffusion of agricultural in-
novations in the Global South. In the following sections, we apply the 
approach to a case study of small-scale irrigation in Kenya. 

3. Methods 

3.1. Methods of data collection and analysis 

Our case study is based on semi-structured interviews (primary 
data), complemented by a literature review (secondary data), a common 
method in AIS studies (Amankwah et al., 2012; Eastwood et al., 2017; 
Minh, 2019; Sixt et al., 2018; Turner et al., 2016). Using snowball 
sampling, we created a list of potential interviewees and scheduled in-
terviews between December 2019 and January 2020. Twenty-seven 
interviews were conducted with a diversity of actors: ITS (7 in-
terviews), farmers (5), research organisations (5), public-sector organi-
sations (5), financiers (4), and a civil-society donor organisation (1) (see 
Supplementary Material A5). These stakeholders were included to ach-
ieve a comprehensive understanding of the functions and structures of 
the SIAIS. 

The ITS we interviewed ranged from newly established small and 
medium enterprises (SMEs) to larger, well-established businesses. All 
were private firms trading in and/or manufacturing equipment used in 
irrigation, either as their only business activity or as an important part of 
their business. Interviews with public-sector organisations covered na-
tional (e.g. NIA and Ministry of Water & Sanitation and Irrigation 
(MWSI)) and county-level actors (the county irrigation department), 
while the research organisations were researchers from national uni-
versities, public agricultural research institutions and multilateral 
research organisations. Financiers included both commercial banks and 
private-sector investors. Focus-group interviews with two smallholder 
cooperatives (four and ten interviewees respectively) in community- 
based irrigation schemes were also conducted, along with ten farm 
visits and three informal interviews with smallholders. 

Interview guides were developed for each stakeholder type and 
consisted of overarching questions with probing follow-up questions 
(see Supplementary material A6). The questions were designed to cover 
aspects of the conceptual framework with a focus on the development of 
the SIAIS and its actors, structure and interactions. The guides were 
continuously revised as more data were gathered to capture more rele-
vant and more targeted responses. Each interview was conducted in 
person (24) or over Skype (3) by the first author and lasted between 45 
and 90 min. The semi-structured interviews were audio-recorded and 
supplemented by notetaking during the interview. Follow-up emails 
were sent out to some interviewees to clarify issues and collect missing 
data. 

The interviews were transcribed for analysis, and Atlas.ti 8 software 
(Version 8.4.15.0) was used to code interview responses based on system 
functions and issues related to the development of the irrigation market. 
This was done by manually screening the transcribed interview and 
grouped interview responses into the corresponding function, or into 
general information about the development of the small-scale irrigation 
sector. Secondary data, including national policy documents (GoK, 
2013; JICA, 2013; MALF, 2019; MWSI, 2019), reports from international 

research centres (Mendes and Paglietti, 2015; Ngigi, 2002; Sijali and 
Okumu, 2002; USAID, 2016) and peer-reviewed literature on small-
holder irrigation in Kenya (Kulecho and Weatherhead, 2006; Mati, 
2008; You et al., 2014), were used to supplement the interviews and to 
gain important contextual insights about the irrigation sector and the 
development of the market for small-scale irrigation. Quotes from in-
terviews are used to underpin the findings from the case study. 

3.2. Introduction to case study: development of the Kenyan SIAIS 

When analysing the SIAIS, it is important to identify its different 
phases of development, as the structures and functioning of the system 
evolve through the development and diffusion of small-scale irrigation 
technologies. Ideally, as the development of a (technological) innova-
tion moves through four distinct phases – pre-development, development, 
take-off and acceleration – the structure and functioning of the innova-
tion system vary between the phases (Hekkert et al., 2011). Hence, the 
presence and quality of specific actors will also vary according to the 
phase of technological development. 

We analysed the development of the SIAIS in Kenya based on in-
terviews and a review of documents, and used the four phases as a 
stylised model to look for general, long-term trends in a technology area 
(i.e. ‘modern irrigation’). This development roughly can be divided into 
two phases, a development phase (1960–1999) and a take-off phase 
(2000− 2020). The first phase is characterised by a great increase in 
government- and donor-supported irrigation schemes or programmes, 
the second by the entry of an increasing number of private-sector actors 
into the irrigation market. Fig. 2 illustrates in a stylised way this 
development in the diffusion of modern irrigation technologies in Kenya 
(the dark-blue arrow), key features of the phases (bottom arrows), and 
entry of ITS. We note that technology diffusion in reality, and when 
considering shorter time intervals (and specific technological in-
novations, e.g. sensor-based irrigation technologies), is more complex 
and cyclical, and that the adoption of agricultural technologies might 
not be linear in the way implied by such idealisation (see e.g. Glover 
et al. (2019)). 

The remainder of this section describes the development of the SIAIS 
during the two phases before analysing the business strategies of the ITS 
regarding their role in the innovation system today. 

3.2.1. Development phase (1960–1999): government projects and donor 
support 

Independence from Britain in 1963 marked the entry of the public 
sector into the development of irrigation in Kenya. Since then, irrigation 
development for smallholders has depended strongly on public-sector 
projects. The Irrigation Act of 1966 established the National Irrigation 
Authority (NIA), which was followed by an expansion of large-scale 
irrigation schemes. These schemes relied primarily on surface irriga-
tion (furrow) and today include the Mwea, Bura, Tana, Ahero, West 
Kano, Perkerra and Bunyala schemes. While the total area covered by 
these schemes remained stable from 1975 to 2000, the period saw a 
large growth in small-scale (smallholder community-based) schemes, as 
well as private commercial schemes (large commercial farms) (Ngigi, 
2002). From 1975 to 1998, the area covered by community-based 
schemes increased from 2400 ha to 34,650 ha, while private commer-
cial irrigation schemes grew in area from 10,000 ha to 40,700 ha (Ngigi, 
2002). The growth in community-based schemes especially can be 
attributed to the involvement of the government and international do-
nors (Ngigi, 2002; Scheltema, 2002). 

Modern irrigation technologies were deployed during these de-
velopments. Sprinkler irrigation was introduced in 1975 in a pilot 
scheme, the Kibirigwi Irrigation Scheme (Mwangi, 1990), being used 
throughout the 1970s and 1980s on coffee and pineapple plantations 
(Blank et al., 2002). During the late 1980s and early 1990s, sprinklers 
and drip irrigation were adopted by large-scale horticulture and flori-
culture farms, but not by smallholders due to the high costs involved 
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(Sijali and Okumu, 2002). Early activities with small-scale drip irriga-
tion were carried out by Good Samaritan Christian missionaries from 
1988. In 1996, the Kenya Agricultural Research Institute (KARI; today 
the Kenya Agricultural & Livestock Research Organization, KALRO) 
became involved in small-scale drip-irrigation technology through a 
community-development program in Eldoret (Sijali and Okumu, 2002). 
With support from USAID and the World Bank, KARI played the leading 
role in testing, developing and distributing drip kits during this period 
(Keller, 2014). By 2001, KARI had sold five thousand kits to Kenyan 
smallholders, the majority through small-scale irrigation projects 
involving donors, NGOs and government agencies. The perception arose 
during the 1990s that drip irrigation was effective in enabling agricul-
tural intensification, saving water and improving incomes (Burney et al., 
2013; Postel et al., 2001). This contributed to the creation of a positive 
attitude to drip irrigation that motivated many donors and NGOs to 
develop drip irrigation projects, especially in the arid- and semi-arid 
regions of the country (Sijali and Okumu, 2002). These trends in drip- 
irrigation resemble those observed for other small-scale irrigation 
technologies, in particular sprinkler irrigation and, more recently, solar 
PV pumps. 

3.2.2. Take-off phase (2000–2020): growth in irrigation suppliers and 
technology commercialisation 

This section concerns the period from 2000 to 2020, when modern 
irrigation technologies entered a phase of broader diffusion (take-off), 
and a large number of ITS entered the market. The development of the 
market for small-scale irrigation equipment and services continued to 
depend on donor- or government-supported schemes during this period. 
Irrigation became an increasing political priority in Kenya, and the 
government published several strategies, policies and regulations 
impacting on the irrigation sector (see Supplementary Material A1). 

The take-off phase saw growth in the area under irrigation: in 1990 
the share of arable land equipped with irrigation stood at 0.99%, by 
2000 it accounted for 1.58%, and in 2017 it reached 2.38% (FAO, 2020). 
This growth has been attributed especially to the development of 
community-based irrigation schemes, which today account for around 
half of the area under irrigation in Kenya (MWSI, 2019). At the same 

time, a large increase in the number of small and medium-size farmers 
adopting irrigation technologies occurred during this period, some as 
part of an irrigation scheme, others irrigating on an individual basis.3 As 
one input supplier noted, “the growth in the smallholder area is much 
faster than in the traditional large-scale farms” (Interview 22). The 
growth in small-scale irrigation was partly driven by an increasing 
middle class investing in irrigation for rural or urban farming or back-
yard gardening. This expansion of small-scale irrigation has promoted 
substantial growth in the market for small-scale irrigation technologies 
and services. 

Alongside the increasing area under small-scale irrigation, this 
period also saw a significant increase in the number of irrigation 
equipment suppliers, especially from 2010. This study identified nine-
teen such suppliers operating in Kenya in 2020 (Fig. 2), including large 
irrigation retailers or wholesalers (trading companies), SME retailers or 
wholesalers, and equipment manufacturers (see Supplementary Mate-
rial A2). Before 2000 there were only a few specialised ITS on the 
market, namely Amiran, G. North and Son, and Agro Irrigation, all large 
firms, while a large agricultural input supplier (Elgon Kenya) sold irri-
gation equipment as a minor part of its product portfolio. In addition, 
there were a few pipe manufacturers (including Shade Net, which also 
produces drip lines) and a small producer of manual pumps (KickStart). 
From 2000, however, twelve new suppliers entered the sector, nine of 
them after 2010. Among these new entrants, nine are SMEs and two 
(Davis & Shirtliff, and Irrico International) are large firms. This trend 
changed the size structure of the sector towards a higher share of small 
companies. 

3.3. Technological boundaries of the case study 

This paper focuses on modern irrigation systems and the equipment 
supporting these systems, which have often been mentioned as inno-
vative approaches to improving food security and livelihoods in SSA and 
are promoted as low-cost, easy-to-operate, water-efficient technologies 
(Keller, 2014; Kulecho and Weatherhead, 2006; Sijali and Okumu, 2002; 
Woltering et al., 2011). Traditional smallholder irrigation practices in 
Kenya consist of manually fetching water from a river or other water 

Fig. 2. Phases of development in the diffusion of modern irrigation technologies in Kenya, and overview of when irrigation companies in Kenya were founded or 
entered the sector. 
Source: Based on Hekkert et al. (2011). 

3 The extent of individual irrigation is not known due to its informal nature 
and lack of survey data, but other studies from the Global South have 
demonstrated its importance (Beekman et al., 2014; Woodhouse et al., 2017). 
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body or using gravitational furrow systems. These practices are highly 
labour-intensive and limit the irrigated area, but they require few ma-
terials and little equipment, making them less interesting for ITS. 
Modern irrigation technologies, on the other hand, provide more busi-
ness opportunities for the private sector (Hornum and Bolwig, 2020). 
They include drip and sprinkler irrigation, as well as the enabling 
components, notably water pumps (solar, fuel, grid-powered) and 
water-storage facilities, especially water tanks and dam-liners for water 
storage and harvesting (see Supplementary Materials A3 and A4). 

4. Results: the role of input suppliers in small-scale irrigation 
agricultural innovation systems 

This section analyses the contributions of ITS to small-scale irrigation 
development in Kenya in terms of how they influence SIAIS functionality 
through the three main mechanisms outlined in Section 2.2. It also 
summarises these findings based on the analytical framework (Fig. 1). 

4.1. Market creation for irrigation technologies 

4.1.1. Entrepreneurial activity 
Entrepreneurial activities by ITS were evident in the take-off phase, 

with an increasing number of new entrants into the market since early 
2000. This was in part due to a demand for irrigation equipment and 
services from donor- or government-supported irrigation projects, as it 
created a window of opportunity for ITS, whose entry as entrepreneurs 
did not occur until the market had grown to a sufficient size. ITS had a 
broad range of clients, including government institutions (e.g. Ministry 
of Agriculture, Livestock and Fisheries (MALF), MWSI, and county 
governments), international development organisations (e.g. African 
Development Bank, World Bank, bilateral donors), NGOs (e.g. World 
Vision, Care, International Committee of the Red Cross), retailers and 
farmers. As smallholders can be difficult to reach, individual sales to the 
small-scale segment were largely confined to commercially oriented 
smallholders and customers with another main occupation than 
farming. Consequently, sales to irrigation projects through framework 
contract agreements, especially in the small-scale segment, were an 
important share of total sales. Indeed, building networks and collabo-
rating with public agencies, NGOs and donors was an important strategy 
for reaching the small-scale segment. This was especially the case for 
leading ITS such as Amiran, Irrico and G.North and Son, who have the 
capacity to deliver and install large quantities of irrigation equipment 
and offer training in its use: “We do a lot of tendering. For example, 
where county governments procure irrigation kits and greenhouses and, 
through us, take it to individual farmers” (Interview 22). Hence, ITS 
relied on an intermediate demand for irrigation equipment and con-
sultancies from irrigation projects established by the government, 
development organisations and NGOs. 

An ITS explained how it attempts to innovate its business model 
(process innovation) by connecting actors and services: “(…) there’s a lot 
of creativity and innovation in most of the private sector. We are the 
people that interact with farmers, supply them with the technology and 
connect them to financial service providers and agricultural produce 
buyers. So, we are playing in the middle, looking for an innovative way 
to integrate all these solutions into one” (Interview 22). ITSs were also 
active in introducing new technological innovations to the market, i.e. 
new types of equipment and improvements or additions to existing 
technologies, this being important for the development of the SIAIS. 
Some Kenyan manufacturing companies engaged in product innovation, 
notably the low-cost solar PV pumps produced by SunCulture, Futur-
ePumps and KickStart. However, most irrigation companies imported 
their equipment. ITSs also contributed to product innovation through 
the adaptation of imported irrigation systems to the local context. This 
took place through testing, giving feedback and providing data to 
foreign equipment manufacturers trying to introduce and adapt their 
products (e.g. water pumps) to the Kenyan market, as well as by bringing 

together different equipment and components into custom-made solu-
tions: “That in a sense makes us traders, but also we remain open to 
develop our own solutions if we see a gap which we can fulfil in the 
irrigation space. (…) We work with other existing solutions out there in 
the market that we pilot, assess, and adapt so the product is a compet-
itive solution to smallholder farmers” (Interview 22). 

Some leading ITS also engaged in entrepreneurial activities, as they 
worked with public research organisations (KALRO) to develop and trial 
technical solutions adapted to a Kenyan context. A key motivation here 
was the perception that development projects often failed to introduce 
appropriate irrigation equipment, e.g. drip kits or sprinkler systems, as 
they were based “on the assumption that it is going to work here. Then it 
comes, it doesn’t work. That is when we realized that probably we tweak 
it a bit” (Interview 23). 

4.1.2. Market formation 
Government- and donor-funded schemes were important for the 

market formation of irrigation technologies, as they created business 
opportunities for ITSs. Public-sector activities to expand irrigation 
infrastructure, such as dams or conveyance systems with an intake at 
each farm, also increased the volume of potential technology users, as a 
growing number of small-scale farmers gained access to irrigation water. 
Hence, the development of the market for irrigation equipment and 
services in recent years can in part be attributed to public-sector efforts 
to expand irrigation. While irrigation projects were an important part of 
ITS’ business with smallholders, ITS also played an important role in 
these projects. One researcher explained how ITS are “effective in 
working with projects like ours to actually get to the rural area and then 
appointing engineers or technicians who could install the irrigation 
system” (Interview 18). Many ITS employed agronomists and other 
technical experts in irrigation at local branches across the country to 
ensure that they could deliver support services locally (Amiran, Irrico, 
Davis & Shirtliff, G. North and Son). Alternatively, external rural agents 
were used to perform this function (e.g. Greenserve Agrisolutions). 

The growing ITS supply chain increased the demand for irrigation 
technologies and in turn had a positive influence on market formation. 
That is because ITS made an expanding variety of irrigation technologies 
available and accessible to smallholders. This finding coincides with 
other studies of small-scale irrigation in SSA (Abric et al., 2017; 
Colenbrander and van Koppen, 2013; Lejars and Venot, 2017; de Vries 
et al., 2006) showing the importance of local ITSs for the articulation of 
demand. The growth in the number of ITS and their physical presence, in 
particular in rural areas, was also an important complement to public- 
sector efforts to expand smallholder irrigation. One ITS representative 
confirmed that “(…) government or public institutions actually rely on 
the private sector to provide these technologies. Automation [auto-
mated irrigation systems] is just an example. A lot of innovations that 
will enable farmers to do better farming, they’re not with the govern-
ment. So they look up to the private sector to provide these technolo-
gies” (Interview 24). Indeed, ITS were important in ensuring the 
availability and provision of technology, but they also played a role in 
establishing niche markets for new irrigation technologies (linking with 
entrepreneurial activities). 

4.1.3. Resource mobilization 
ITS created networks between farmers and financial products, other 

ITS and produce buyers, thereby enabling a flow of resources along 
irrigated agricultural value chains. While resource mobilization is pri-
marily seen as a task for government and development organisations, 
ITS not only took advantage of the market these activities created, they 
also actively resource mobilization financial and human resources to 
gain market share. 

ITS mobilized human resources as they built up technical capacities 
within specific irrigation technologies. Through their partnerships with 
world leading irrigation companies (e.g. manufacturers like Netafim 
(Israel) and Jain Irrigation Systems (India)), they brought foreign 
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expertise to the market along with premium irrigation hardware. This 
was also the case for foreign-owned companies (e.g. Amiran or Kick-
Start). Moreover, interviewees stressed that access to affordable finance 
was a key constraint on smallholders’ ability to access new technology 
and that existing agricultural loan products were beyond their reach or 
unattractive to them. Therefore, ITS explored financial arrangements to 
reach more farmers, and there are several examples of technology being 
bundled with finance (Table 2). As suppliers developed financial solu-
tions as a strategy or business model to reach larger numbers of farmers, 
these solutions can be regarded as organizational innovations (see Zott 
et al. (2011); Sarasini and Linder (2018)). 

For example, some suppliers offered flexible payment plans, and 
most suppliers also had agreements with micro-financial institutions: “If 
you tell them [smallholders] that the cost of technology is $200, they 
don’t have it, despite the fact that they need it. So we link them up with 
micro-financial institutions who can give them credit to access the 
technology (…)” (Interview 24). Several of the large irrigation com-
panies connected with commercial banks offered some customers a 
payback arrangement subject to a risk assessment and a loan history. For 
example, Davis & Shirtliff designed a loan product for its solar pumps 
together with Equity Bank, whereby the company creates a project plan 
together with the farmer, who then takes the offer to Equity Bank for 
credit. For its greenhouse system, Irrico signed an MoU with KCB bank, 
setting up a buy-back guarantee for farmers. In cases of default, Irrico 
takes back the irrigation equipment (at a reduced price) to help the 
farmer pay back the loan. This works as an insurance for the farmer and 
mitigates the risk to the investment. These ITS assumed a brokering role 
linking smallholders “to some of the institutes who might be able to do 
financing” (Interview 22). 

While most companies did not offer any formal financial packages 
bundled with their products, SunCulture and Futurepump had a pay-as- 
you-go model, where farmers pay for using the solar-PV water pumps on 
a use basis. These systems, built on ICT, are linked to usage meters, 
enabled by Kenya’s well-developed mobile network coverage. Such 
innovative solutions seem to be an effective business model, as they 
make the irrigation equipment financially available to more small-
holders. However, many smallholders could still not afford the bundled 
technology and services, despite ITS’s partnership with financial in-
stitutions and their efforts to design credit solutions. While these inno-
vative activities proved helpful in the diffusion of small-scale irrigation, 
support from donors, development finance institutions and government 
was still needed to close the affordability gap experienced by many 
smallholder farmers. 

4.2. Creation and dissemination of knowledge 

4.2.1. Knowledge development 
ITS were also active in knowledge development, as they worked with 

public research organisations (KALRO) and NGOs to develop and test 
specific irrigation technologies. For example, ITS invested in pilots of 
irrigation equipment and co-developed knowledge through irrigation 
projects, thereby helping to adapt these technologies to the local 
context. Through such learning-by-doing activities ITS contributed to 
knowledge development (see Suurs et al. (2009)), as they built up 
technical capacities within specific technology segments. Moreover, ITS 
played a notable role in knowledge development through imports and 
the introduction of specific irrigation technologies. In fact, they were 
sometimes the leading experts in the latter technologies, making them 
an important source of information for agricultural research institutions. 
As one input supplier argued: “Of course, some of the technologies that 
we create or bring in at times get them flat footed. So, a number of times 
we are ahead with them with technology. That being the case, they also 
take time to learn from us” (Interview 23). 

4.2.2. Knowledge diffusion 
The irrigation sector experienced an increase in the range and vol-

ume of extension and advisory services offered by suppliers of irrigation 
equipment. Accordingly, all ITSs offered technical advice and consul-
tancy services bundled with irrigation equipment as part of their sales 
and outreach strategy. This development was in part due to a demand 
created by the growing number of medium-size farms and middle-class 
customers who farm as a side business (see also Kilelu et al. (2019)). The 
demand for such private agricultural extension services grew as a result 
of an inadequate public extension system that lacked technical capacity 
in irrigation at the county level, according to several interviewees. For 
example, public extension agents did not have the technical knowledge 
to assist with repairs or common problems such as blockages or pipes 
clogging up. The public extension system had seen a decline since the 
late 1980s, mainly due to reduced funding for extension staff, and today 
the ratio of extension agents to farmers stands at 1:1000, compared to 
the desired level in the National Agricultural Sector Extension Policy 
(NASEP) of 1:400 (GoK, 2012). This situation created new business 
opportunities for the irrigation companies, for whom the provision of 
consultative and support services for irrigation schemes became a key 
part of their business. 

The services provided by the irrigation companies ranged from 
support services delivered as part of the provision of technology and 
after-sales services to broader agricultural services, including crop 
management, business planning and linking to markets (see Table 2). 
The observed service provision also reflects the complexity of irrigation 
technologies and the need for the careful design of irrigation solutions to 
fit specific farm conditions and crop needs. Indeed, one supplier 
observed that selling irrigation technologies involves selling know-how, 
as these technologies were often new to farmers, while another noted: 
“We don’t just sell our products, we sell solutions (….) In the case of 
small-scale farmers, a lot of them have no idea what they really want” 

Table 2 
Summary of customer support services provided by ITS in Kenya.  

Service category Support services Description 

Financial Provision of financial services Access to credit through loan products tailored with and offered through financial institutions, payback 
arrangements (subject to risk assessment), and pay-as-you-go finance models. 

Technical Training in and demonstrations of 
irrigation systems 

Training in irrigation practices, including operation and maintenance of the equipment. Permanent 
demonstration site showcasing equipment to farmers, as well as participation in agro-fairs to undertake 
demonstrations. 

Design and installation of irrigation 
equipment 

Customizing irrigation solutions to fit the needs of clients, as well as the installation of irrigation equipment. 

Provision of irrigation operation and 
maintenance service 

After-sale maintenance of irrigation systems in cases of operational difficulties or malfunctioning equipment 

Output and input 
markets 

Provide market information and assist in 
marketing 

Guiding farmers to identify and select from the available market options, including linking farmers to buyers 
(wholesalers and exporters). 

Provision of agri-inputs and training in 
crop management 

Providing farmers with agricultural inputs (e.g. fertilizer and seeds) and training them in making optimal 
applications with an irrigation system (including fertigation and crop management). 

Management Management of farm production and 
economy 

Helping farmers develop production and business plans, e.g. training and business advisory services.  
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(Interview 22). Hence, aside from informing customers about irrigation 
products and their potential, to varying degrees ITS offered suites of 
support services demonstrating, designing, installing, and assisting in 
maintaining and operating the irrigation equipment. 

All the ITS had technical experts in-house and performed consulta-
tive services for individual customers. They also disseminated knowl-
edge through public irrigation projects and during field days, where they 
took charge of demonstrations of technology. One supplier stated: “(…) 
the first thing we do in these projects is to create awareness through 
advocacy, as we want to get the critical mass aware of irrigation” 
(Interview 24). Many of the larger suppliers had formal agreements or 
MoUs through which they not only provided technologies but also 
disseminated knowledge. For example, Irrico partnered with MALF in 
demonstrating greenhouses and involved its staff in training the use of 
drip irrigation systems installed in greenhouses. ITS also signed MoUs 
with NGOs for the installation of and training in irrigation equipment, 
including drip kits and polytunnels, as part of different projects. They 
were aware that selling irrigation equipment needs to be supplemented 
with imparting and improving the skills, knowledge and capacities of 
farmers. 

Technical expertise and service provision were thus clearly a means 
to compete for market share among the ITS and were a key factor in 
product differentiation. One ITS observed that service provision had 
become increasingly necessary to compete with the growing number of 
general hardware stores selling irrigation equipment (Interview 21). 
Hardware stores, however, sell separate parts and do not keep a broad 
product line in stock. Packaging irrigation equipment with support 
services was thus a way to differentiate one’s business from these shops. 
For example, when buying a drip kit from Amiran, it comes with 
installation, training and an agro-support package for training in drip- 
irrigation practices. Service provision and technical expertise also 
allowed many ITS to engage in project design and implementation, 
thereby selling both products and services, and several of the ITS we 
surveyed had such projects outside Kenya. 

ITS can thus be said to take part in agricultural extension in a situ-
ation where there is an inadequate public extension system often lacking 
sufficient technical knowledge of modern irrigation technologies. While 
ITS reached many smallholder farmers through projects in order to 
provide technology and services, the delivery of advisory services to 
individual non-commercialised small-scale farmers was more limited, as 
these farmers had little purchasing power. Hence, the for-profit, fee-for- 
service extension system was limited in the sense that it was (primarily) 
available to commercial farmers, who were willing and able to afford the 
advisory services (an issue also discussed by Christoplos (2010), Babu 
and Zhou (2015) and USAID (2019)). Regarding the quality of service 
provision, the larger companies especially showed high standards of 
technical expertise in specific technology segments (e.g. greenhouse 
installations, drip kit maintenance, the operation of overhead sprin-
klers), which in turn explains why they were able to tap into the 
increased demand for such services from public and donor-funded pro-
jects. They became important actors in extension systems for small-scale 
irrigation, and the packaging of technology and services was an 
important innovative solution boosting smallholder irrigation develop-
ment. Indeed, Kenyan ITS fulfilled a prominent role in knowledge diffu-
sion when the SIAIS was reaching the take-off phase. 

4.3. Influence on technology priorities 

4.3.1. Guidance of the search 
The policy framework that enables and regulates the development of 

irrigation has expanded over the past two decades. Guidance in priority- 
setting was most prevalent in the take-off phase of innovation-system 
development and was primarily a function carried out by the public 
sector through the formulation of new policies and regulations. The 
public sector supported the development of both traditional and modern 
irrigation technologies, a possible reason for the irrigation companies 

lacking a clear vision that favoured emerging or modern irrigation 
technologies over incumbent ones (Interview 24). 

One researcher pointed out that the Kenyan irrigation sector is highly 
privatised and that private-sector actors played an important role 
through their advocacy of specific technologies (Interview 16). In fact, 
sharing success stories and raising awareness entered into some ITS’ 
marketing strategies, as confirmed by one ITS employee, who explained 
that “(…) the government, and the development partners, they primarily 
thought of seeds and fertilizer. They didn’t think of irrigation until 
recently. Now what happened, through continued advocacy, we’ve been 
explaining in different forums the value and the importance of irrigation 
as a means to ending food insecurity in Africa” (Interview 27). This 
therefore left room for ITS to influence priority settings, and there were 
several examples of them advocating the promotion of low-cost irriga-
tion solutions to smallholders, regardless of whether their motives were 
profit-oriented, social or both. While ITS may not have had sufficient 
agency to influence priority-setting as translated into policy creation, 
their advocacy and awareness campaigns regarding specific irrigation 
technologies did shape visions of the future of smallholder irrigation. 

4.3.2. Creation of legitimacy 
In the early stage of technology development, the expectation around 

specific irrigation technologies, such as drip irrigation, was shaped by 
research emphasising its promising potential (see also Venot et al. 
(2017) and Bjornlund et al. (2017)). Some ITS were engaged in such 
research in conjunction with development partners and public research 
institutions (see 4.2). They advocated the benefits of their equipment 
through marketing strategies, e.g. participation in field days, advertising 
on TV and social media, and stories of successful adoptions. As one input 
supplier explained: “We do a lot of marketing to be able to reach the 
consumers. We participate in a lot of exhibitions, farmers’ events, 
training conferences and other outreach activities. Our teams on the 
ground don’t just sit in the office, they’re always on the move, going out 
looking for potential customers” (Interview 24). Such activities may also 
have influenced the greater social acceptance of these new technologies 
(creation of legitimacy) over incumbent irrigation systems (e.g. gravity- 
led furrow systems). 

We therefore find that ITS were active in shaping end-users’ positive 
expectations of the technology and contributed to enhancing the 
acceptance of irrigation technologies among farmers. In fact, creating 
legitimacy was part of the business strategy of some companies, and 
their advocacy of irrigation technologies became important as they grew 
in numbers during the take-off phase of the SIAIS. As ITS grew in 
numbers and their sales volumes increased, the ability of ITS to influ-
ence the expectations around modern irrigation technologies increased 
through their interactions and exchanges of knowledge with other ac-
tors, in particular policy-makers and technology end-users. 

To summarize our results, ITS play an important role in the devel-
opment and diffusion of small-scale irrigation in Kenya, due to their 
links with other actors and their position in the value chain for irrigation 
technologies and services (Table 3). ITS have created notable innovative 
solutions and activities, which tackle barriers that impede smallholder 
irrigation development. The growth in the numbers and volume of ITS 
was an important step in creating supply chains that improved small-
holders’ access to irrigation technologies, although we also note that 
access to technology is still limited in many rural areas. Moreover, ITS 
contributed to overcoming important knowledge barriers (i.e. technical 
know-how and awareness about irrigation technologies), as they per-
formed a range of advisory services and marketing activities to reach 
farmers. They therefore complemented the inadequate public extension 
system, which had come to be characterised by limited capacity 
regarding modern irrigation technologies. 
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Table 3 
The role of ITS in SIAIS performance, assessed through the seven innovation-system functions.  

Activity category Innovation system 
function 

Conditions influencing ITS ITS influence on SIAIS development 

Market creation for 
irrigation 
technologies 

Entrepreneurial 
activities  

• Intermediate demand for irrigation equipment and consultancies from irrigation projects has created 
business opportunities for ITS and is instrumental in the business strategy of, in particular larger, ITS.  

• Business model innovations (process innovation) by connecting actors and 
services.  

• Introducing new technological innovations to the market (imported or 
manufactured).  

• Learning to take advantage of latent demand as ITS bundle technologies with 
support services.  

• Packaging of technology and services were important innovative solutions for 
advancing small-scale irrigation.  

• Adaptations to imported irrigation systems fit to the local context. 
Market formation  • Government- and donor-funded schemes were important for the market formation of irrigation 

technologies, as these schemes created business opportunities for ITS.  
• Expanding irrigation infrastructure increased the number of potential clients for ITS.  
• Tax-based incentives to promote the development of the irrigation market, i.e. exemption from 

import duty and value-added tax (VAT) on irrigation equipment. However, lack of clarity regarding 
import regulations for spare parts and import tax exemptions for new products is still perceived as a 
problem by several ITS.  

• Development of dedicated irrigation institutions, e.g. NIA.  
• Expanding irrigation infrastructure (spearheaded by NIA) creates market for ITS.  
• Innovative ICT-based payment solutions (Futurepump and SunCulture ‘pay-as-you-go’-model’) 

enabled by well-developed mobile network coverage.  

• ITS important for ensuring the availability and provision of technology.  
• Driver in establishing niche markets for new irrigation technologies.  
• ITS created networks between farmers and financial products, other ITS and 

produce buyers, thereby enabling a flow of resources by improving the value 
chain. 

Resource 
mobilization  

• Access to credit is a key constraint on smallholders’ ability to access new technology, as existing 
agricultural loan products are beyond their reach or unattractive to them.  

• Limited public extension resources and capacities regarding modern irrigation technologies left a 
need for advisory and support service for ITS to pursue.  

• ITS took on a brokering role in linking smallholders with financial institutions, 
through partnerships, e.g. MoU’s, with financial institutions for agricultural loan 
products.  

• ITS contributed to innovations in credit provisions as a mean to tap into latent 
demand. 

• Mobilization of human resources as ITS built-up technical capacities within spe-
cific irrigation technologies.  

• Technological innovations by foreign irrigation companies were introduced to the 
Kenyan market by ITS. 

Creation and 
dissemination of 
knowledge 

Knowledge 
development  

• ITS utilized and accessed information about water resources, useful for identifying market potentials.  • Close ties with global leading irrigation companies with substantial capacity 
basis: know-how imported and embedded in Kenya’s SIAIS as ITS collaborate with 
foreign irrigation companies.  

• Enhanced technical capacities among ITS as they learn from foreign irrigation 
companies.  

• ITS taking part in testing, adapting, and trialling irrigation systems with public 
research organisations. 

Knowledge diffusion  • Limited public extension capacities regarding modern irrigation technologies left a need for advisory 
and support services for ITS to pursue.  

• ITS became important extension agents as they disseminate knowledge with 
technology provision, and packages advisory and support services with irrigation 
equipment.  

• ITS contracted for knowledge dissemination to farmers and training of local 
extension staff. 

Influencing 
technology 
priorities 

Guidance of the 
search  

• Expanding policy framework making irrigation an increasing political priority.  
• Public sector supported the development of both conventional (e.g. furrow) and modern irrigation 

technologies, with a lack of clear vision that favours modern irrigation technologies over incumbent 
technologies.  

• ITS’ advocacy and awareness campaigns regarding specific irrigation technologies 
shaped visions of the future of smallholder irrigation.  

• Room for ITS to influence priority settings with several examples of ITS advocating 
and lobbying for the promotion of low-cost irrigation solutions to smallholders. 

Creation of 
legitimacy   

• ITS active in shaping smallholder positive expectations of irrigation technologies. 
Influence increased with growth in volume and number, albeit effects may still be 
localised.  
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5. Discussion 

5.1. Empirical contribution 

This study has used a functional approach to analyse the role of ITSs 
in small-scale irrigation development in Kenya in terms of how they take 
part in and contribute to SIAIS functionality. We found that input sup-
pliers can take on multiple roles in an AIS as they diffuse and sometimes 
generate innovations, especially by adapting technological innovations 
to the local context (developer), empowering smallholders through ac-
cess to credit and agricultural product markets (supporter) and providing 
technology (implementer). Below we elaborate on the contribution of 
these findings in light of previous research on input suppliers and AIS, 
roughly following the structure outlined in Table 3. 

First, the role of input suppliers in AIS has also been approached 
through the concept of innovation intermediation (Howells, 2006), and 
several studies have assessed the role of intermediary actors in sup-
porting agricultural innovation processes (Kilelu et al., 2011; Klerkx and 
Leeuwis, 2009; Lejars and Venot, 2017). In this regard, input suppliers 
fulfil multiple intermediary roles, i.e. knowledge dissemination, demand 
articulation, network-building and capacity-building, in addition to the 
delivery of inputs and equipment (USAID, 2019). In our case study, ITS 
were indeed active in building networks and linkages with other actors, 
although such cross-cutting activities did not easily fit into any of the 
seven functions. So, while consideration of the intermediary concept 
provides important insights into how actors support “any aspect of the 
innovation process between two or more parties” (Howells, 2006, p. 
720), our application of the functional approach offers complementary 
insights into how actors influence the speed and direction of change of a 
technology (Eastwood et al., 2017). 

Second, our study shows that input suppliers can contribute to 
market creation for agricultural technologies, especially through 
resource mobilization, demand articulation, and entrepreneurial activ-
ities. Kenyan input suppliers were important actors in making irrigation 
technology available, accessible and desirable to smallholders, in part 
due to their presence across the country, and in part by facilitating ac-
cess to credit (see also Lejars et al. (2017)) and knowledge about irri-
gation. The ITS offered bundled packages as a key element of their 
business model, which aside from technology provision also included 
services and credit facilitation. They innovated this business model after 
realising that smallholders’ demand for technologies was constrained by 
a lack of farm credit and limited knowledge about irrigated farming. 

Third, the functional approach facilitated a systematic analysis of 
how input suppliers take part in the innovation process, which extends 
far beyond disseminators of technology and related knowledge. Our case 
study confirmed that input suppliers can become effective agents of 
knowledge diffusion once the market has reached a sufficient size (Izzi 
et al., 2021). While the public sector stimulated private-sector engage-
ment and an increased demand for irrigation technologies, today ITS 
offer multiple services to farmers, ranging from support services deliv-
ered during technology provision and after-sales services to broader 
services such as agronomic advice and business planning. We thus posit 
that input suppliers can be an important complement to the public 
extension system, especially when the market has reached a take-off 
phase. We note here that earlier research (Garb and Friedlander, 2014; 
Gildemacher, 2012) has raised concerns that input suppliers may not 
have sufficient capacity or skills to deliver information to farmers and 
that there is no assurance of the quality of these services or the moti-
vations behind them. While further analysis is needed to determine the 
quality of the services provided by the ITS in Kenya, our case study 
showed that ITS are generally capable of providing substantial support 
to smallholder irrigation development. 

Fourth, Kenyan ITS not only contributed to knowledge diffusion, 
they were also active in the development of new knowledge through 
trials and adaptations of new-to-the-market technologies in partnership 
with research institutions, as well as by becoming leading experts in 

specific technologies. This finding does not lend support to the more 
pessimistic views of private actors’ ability to fulfil such functions in SSA, 
for example, Musa (2009) arguing that the private sector is too weak to 
fill the gap in technological learning and R&D. 

Fifth, Kenyan ITS played a key role in the transnational diffusion of 
innovations. They formed a key link between the national SIAIS and 
foreign irrigation companies, and through the latter, the global inno-
vation system (Binz and Truffer, 2017). ITS had partnerships with 
foreign irrigation manufacturers, bringing in foreign know-how along 
with hardware, and were thereby instrumental in increasing the volume 
and variety of irrigation equipment on the Kenyan market. For example, 
the case study identified at least eight imported different drip kits, as 
well as a broad range of spare parts and accessories.4 Some ITS, more-
over, were active in regional export markets, thereby enabling the 
transfer of knowledge and technologies to other developing countries 
(Hornum and Bolwig, 2020). Hence, while previous research has 
focused on ITS’s technology provision and support services locally 
(Abric et al., 2017; Colenbrander and van Koppen, 2013; Lejars and 
Venot, 2017), we emphasise here their role in mobilizing resources from 
non-domestic actors and argue for a stronger focus on this international 
dimension when examining the role of input suppliers in AIS 
development. 

Sixth, our analysis of Kenyan ITS’s contribution to the ‘guidance of 
the search’ and the ‘creation of legitimacy’ functions suggests that input 
suppliers can positively influence the perception and prioritisation of 
irrigation technologies through interactions and knowledge exchange 
with other actors in the AIS. 

The above discussion suggests that input suppliers can co-develop, 
utilize and disseminate knowledge through interactions and partner-
ships with public and other private actors. They can also play a key role 
in transnational knowledge transfers. This indicates that input suppliers 
can have considerable agency in relation to an AIS, to which they bring 
expertise, resources and innovations in technology, service provision 
and ‘bundled’ business models. In our case study, this agency depended 
on the market having grown to a certain size. 

Other studies from SSA have noted how ITS have been unable to 
drive systemic change due to their short-term, market focus (Minh et al., 
2020). In Kenya, ITS cater for the whole country through different 
strategies, including distributor networks, local branches, wholesale, 
and extension agents, but their presence is still limited outside the major 
cities and high-potential areas (see also Odame & Muange (2011, p. 1). 
And while ITS have been important for market creation in the SIAIS, the 
rate of adoption of small-scale irrigation technology is still low in ab-
solute terms. Hence, if ITS have the potential to foster transformational 
change among smallholders (Otoo et al., 2018), this potential still needs 
to be realised through substantial upscaling. Here the rapid market 
penetration within and outside Kenya of solar-PV pumps produced by 
ITS with social-driven missions (Futurepump and Sunculture) provides 
some ground for optimism. 

5.2. Theoretical implications 

The functions approach was originally constructed from a broad 
innovation-system perspective and for developed-country contexts. This 
has led to questions regarding whether the framework can be applied to 
developing countries without specifying their characteristics (Edsand, 
2019) or analysing a specific type of innovation system in a specific 
setting (Minh, 2019), while others deem the functions approach suitable 
as it is for studying innovation systems in developing countries (Sixt 
et al., 2018; Tigabu et al., 2015; van Welie et al., 2019). These studies 
typically focus on identifying ‘systemic problems’ (Wieczorek and 

4 The brands were Dayliff, JAIN, Power, Rivilus, NETAFIM, Azud, Eurodrip, 
and Bhavani Drip. In comparison, Ngigi et al. (2001) identified five drip kits, 
two of which were sold by the public research institution KALRO. 
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Hekkert, 2012) through structural-functional assessments, thereby 
expectedly delivering a context-specific and comprehensive analysis of a 
specific innovation system. Based on our study of an AIS in Kenya using 
the seven predefined functions, we find the functions approach useful 
for understanding how input suppliers influence AIS development in the 
Global South. 

The functions approach was developed to assess the performance of 
innovation systems and the factors that influence it (Bergek et al., 2008), 
rather than determining the role of specific actors. It is typically applied 
to examining how conditions in the innovation system influence actors’ 
innovation capacity, as opposed to studying how actors take part in 
fostering the innovation system. An exception is the study by Barnard 
et al. (2009) showing how firms shape national innovation systems a 
developing country context. In this light, our case study provides an 
opportunity to reflect on the applicability of the functions approach for 
understanding the contribution of a specific actor to a specific innova-
tion system. The role of input suppliers was challenging to determine in 
relation to some functions, in part because the scope of a function in its 
original conceptualisation did not cover such private-sector actors. For 
example, the function of market formation is understood as involving 
activities that influence the growth of new technologies in niche markets 
and is typically mapped through the introduction of tax regimes, new 
environmental standards, or subsidies (Hekkert et al., 2007). Hence, the 
activities used to express the market-formation function are typically 
associated with policy-level interventions that create favourable con-
ditions for specific technologies. This does not leave much room for 
explaining the importance of a private-sector actor and its activities for 
supply-chain development or the creation of local markets for the 
technology. 

Similarly, the guidance of the search function is often mapped on the 
basis of indicators of activities in which private-sector actors are not 
normally involved, such as the creation of regulations and policy targets, 
which are deemed to create a clear vision and mutual expectations 
among stakeholders regarding a specific technology. However, we 
observe that the function is about making the needs of the technology- 
users visible (Hekkert et al., 2007). This makes it relevant to consider 
the activities of private-sector actors, such as marketing success stories 
or advocating technology needs. 

Altogether, we find that the functions approach can be a useful 
framework for guiding an actor-centric analysis of an AIS, despite this 
not being its original purpose. Given that this paper reports on a single 
case study, future research could test how valid this claim is by applying 
the approach to a broader range of AIS and to other types of actors in the 
Global South. 

5.3. Implications for policy 

Our study suggests that a strengthening of public-private collabora-
tion would enable a market-led development in fostering systemic 
changes in irrigated value chains. ITS may be spearheading the com-
mercialisation of innovations, but some coordinating mechanism is 
needed if they are to have an impact at scale. Kenyan ITS already 
collaborate with a range of actors, including policy-makers, researchers, 
NGOs, financial institutions and manufacturers, but deliberate efforts to 
facilitate and enhance this collaboration and knowledge-sharing within 
the SIAIS could both increase ITS agency and strengthen the SIAIS more 
generally. The inclusion of ITS in dialogue forums, e.g. innovation 
platforms (Schut et al., 2018) and consultative policy processes, would 
not only allow them to access and utilize information, but would also 
serve as a coordinated and formalized structure through which they can 
take part in harnessing innovations (Pittock et al., 2020) and building 
innovation-system functionality. Here they could partake in the co- 
creation of knowledge and influence technology priorities, advocating 
and sharing experiences with market-led technology diffusion. Dialogue 
through such multi-stakeholder platforms can create a space for the 
collaboration and mobilization of resources, thereby advancing the 

market-led diffusion of small-scale irrigation (Minh et al., 2020). 
Our study further indicates a need to train smallholders and exten-

sion staff in understanding modern irrigation technologies. Here, public- 
private collaboration can be used to leverage the knowledge of ITS in 
planning or performing dedicated and specialised training (cf. Eastwood 
et al. (2017)), thereby enhancing knowledge development in the SIAIS. 
Relatedly, national agricultural extension systems could be enhanced by 
capitalizing on the capacities of a growing number of ITS and the ser-
vices they offer. To do so, policy interventions in Kenya should 
strengthen their links with other actors, including project developers, to 
achieve economies of scale and continue to expand the irrigation 
infrastructure, thereby increasing the number of smallholders with ac-
cess to irrigation water. This would in turn increase the customer base 
for private irrigation firms, with ripple effects on the rest of the 
economy. 

6. Conclusion 

This paper has aimed to contribute to the understanding of the role of 
input suppliers in agricultural development in the Global South by 
exploring how these actors can influence the functioning an AIS. This 
was done through a case study of ITS in Kenya. The paper used a 
‘functions’ approach to explore how these actors took part in the SIAIS 
and in turn contributed to different aspects regarding the development 
and diffusion of small-scale irrigation technologies. The novelty of the 
paper lies in its empirical assessment of input suppliers in the small-scale 
irrigation sector and its application of the functions framework in this 
context. While the role and importance of input suppliers in smallholder 
agriculture in the Global South are relatively well-established in existing 
research, this paper shows how input suppliers can contribute to the 
performance of an AIS. 

We have have shown that input suppliers can be important actors in 
AIS functionality, especially when the market reaches a take-off phase 
characterised by a growth in sales volumes and in the numbers of ITS. In 
Kenya’s SIAIS, the number ITS increased significantly between 2000 and 
2020 from a low base, changing the size structure of the sector in the 
direction of more small companies. The expanding market for irrigation 
equipment and services in Kenya was driven by donor- or government- 
supported irrigation schemes and by a growing number of medium-scale 
farms and part-time farmers from the urban middle-class. The resulting 
increased demand for equipment and consultancies stimulated the entry 
of more suppliers. 

We also found that Kenyan ITS perform important activities and roles 
in the SIAIS aside from input supply, notably provision of advisory and 
consultancy services, improvement of the supply chain for irrigation 
technologies, introduction and adaptations of new types of irrigation 
equipment, and facilitation of access to farm credit. Our study confirmed 
that input suppliers can become effective agents of knowledge diffusion 
once the market has reached a sufficient size and documented how they 
contribute to knowledge development as they develop, adapt and test 
specific irrigation equipment. Furthermore, input suppliers can be 
notable actors in the market creation of agricultural technologies: in 
Kenya ITS were instrumental in respect of entrepreneurial activities, as 
they searched for innovative solutions to reach more smallholders. 
Furthermore, we found that ITS took part in market formation, as they 
improved the availability and provision of technology and established 
niche markets for new irrigation equipment, and also mobilized re-
sources, as they brought foreign expertise to the market along with 
irrigation technologies. We thus argue that input suppliers can serve as 
important brokers between global and national AIS. Finally, we suggest 
that policy interventions in support of smallholder irrigation should seek 
leverage from the growth and capacities of input suppliers as a com-
plement to public research and extension. 
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Knierim, A., Koutsouris, A., Mathé, S., Ndah, T.H., Temple, L., Triomphe, B., Wielinga, E., 
2015. Support to Innovation Processes: A Theoretical Point of Departure. WP 1, 
deliverable 1.2 report of the AgriSPIN project. https://agrispin.eu/wp-content/uplo 
ads/2016/01/Theoretical-Framework-of-AgriSpin.pdf. 

Kuhlmann, S., Arnold, E., 2001. RCN in the Norwegian Research and Innovation System: 
Background Report No 12 in the Evaluation of the Research Council of Norway. 
Norwegian Ministry of Church Affairs, Education and Sciences. https://research. 
utwente.nl/en/publications/rcn-in-the-norwegian-research-and-innovation-system. 

Kulecho, I.K., Weatherhead, E.K., 2005. Reasons for smallholder farmers discontinuing 
with low-cost micro-irrigation: a case study from Kenya. Irrig. Drain. Syst. 19 (2), 
179–188. https://doi.org/10.1007/s10795-005-4419-6. 

Kulecho, I.K., Weatherhead, E.K., 2006. Adoption and experience of low-cost drip 
irrigation in Kenya. Irrigat. Drain. 55 (4), 435–444. https://doi.org/10.1002/ 
ird.261. 

Lamprinopoulou, C., Renwick, A., Klerkx, L., Hermans, F., Roep, D., 2014. Application of 
an integrated systemic framework for analysing agricultural innovation systems and 
informing innovation policies: comparing the Dutch and Scottish agrifood sectors. 
Agric. Syst. 129, 40–54. https://doi.org/10.1016/j.agsy.2014.05.001. 

Lejars, C., Venot, J.P., 2017. Intermediaries in drip irrigation innovation systems: a focus 
on retailers in the Saïss region in Morocco. In: Venot, J.P., Kuper, M., Zwarteveen, M. 
(Eds.), Drip Irrigation for Agriculture: Untold Stories of Efficiency, Innovation and 
Development. Routledge, pp. 284–302. https://doi.org/10.4324/9781315537146. 

Lejars, C., Daoudi, A., Amichi, H., 2017. The key role of supply chain actors in 
groundwater irrigation development in North Africa. Hydrogeol. J. 25 (6), 
1593–1606. https://doi.org/10.1007/s10040-017-1571-7. 

MALF, 2019. Agricultural Sector Transformation and Growth Strategy. Ministry of 
Agriculture, Livestock and Fisheries, Nairobi, Kenya. http://www.kilimo.go.ke/wp 
-content/uploads/2019/01/ASTGS-Full-Version.pdf.  

Mashnik, D., Jacobus, H., Barghouth, A., Jiayu Wang, E., Blanchard, J., Shelby, R., 2017. 
Increasing productivity through irrigation: problems and solutions implemented in 
Africa and Asia. Sustain. Energy Technol. Assess. 22, 220–227. https://doi.org/ 
10.1016/j.seta.2017.02.005. 

Mati, B.M., 2008. Capacity development for smallholder irrigation in Kenya. Irrig. Drain. 
57, 332–340. https://doi.org/10.1002/ird.437. 

Mdemu, M., Mziray, N., Bjornlund, H., Kashaigili, J., 2017. Barriers to and opportunities 
for improving productivity and profitability of the Kiwere and Magozi irrigation 
schemes in Tanzania. International Journal of Water Resources Development 33 (5), 
725–739. https://doi.org/10.1080/07900627.2016.1188267. 

Meeus, M., Edquist, C., 2006. Introduction to part I. product and process innovation. In: 
Hage, Je., Meeus, M. (Eds.), Innovation, Science and Institutional Change: A 
Research Handbook. Oxford University Press, pp. 23–37. Issue November. htt 
ps://www.researchgate.net/publication/241861288%0AIntroduction. 

Mendes, D.M., Paglietti, L., 2015. Kenya: Irrigation Market Brief. FAO, Rome. http:// 
www.fao.org/support-to-investment/news/%0Adetail/en/c/423683/.  

Minh, T.T., 2019. Unpacking the systemic problems and blocking mechanisms of a 
regional agricultural innovation system: an integrated regional-functional-structural 
analysis. Agric. Syst. 173 (March), 268–280. https://doi.org/10.1016/j. 
agsy.2019.03.009. 

Minh, T.T., Cofie, O., Lefore, N., Schmitter, P., 2020. Multi-stakeholder dialogue space on 
farmer-led irrigation development in Ghana: an instrument driving systemic change 
with private sector initiatives. Knowl. Manag. Dev. J. 15 (2), 98–118. https://www. 
km4djournal.org/index.php/km4dj/article/view/489/608. 

Minh, T.T., Zwart, S., Appoh, R., Schmitter, P., 2021. Working Paper Analyzing the 
Enabling Environment to Enhance the Scaling of Irrigation and Water Management 
Technologies : A Tool for Implementers. Colombo, Sri Lanka. https://doi.org/ 
10.5337/2021.201. 

Mirani, Z.D., Bukhari, S.S., Narejo, M.A., 2007. Assessment of the impact of farm 
advisory services in Sanghar and Mirpurkhas districts of Sindh province of Pakistan. 
Pak. J. Agric. 23 (1), 39–46. 

Musa, I.K., 2009. Priority issues of least developed countries in Africa. Irrig. Drain. 58, 
39–51. https://doi.org/10.1002/ird.489. 

Mwangi, J., 1990. Evaluating the Technical Performance of Kibirigwi Sprinkler Irrigation 
System. University of Nairobi (http://erepository.uonbi.ac.ke/bitstream/handle/ 

11295/27679/Mwangi_EvaluatingtheTechnical 
PerformanceofKibirigwiSprinklerIrrigationSystem.pdf.sequence=3&isAllowed=y).  

MWSI, 2019. Guidelines for Promotion, Development and Management of Irrigation in 
Kenya. Ministry of Water, Sanitation and Irrigation, Nairobi, Kenya. https://doi.org/ 
10.1037//0033-2909.I26.1.78.  

Namara, R.E., Hope, L., Sarpong, E.O., De Fraiture, C., Owusu, D., 2014. Adoption 
patterns and constraints pertaining to small-scale water lifting technologies in 
Ghana. Agric. Water Manag. 131, 194–203. https://doi.org/10.1016/j. 
agwat.2013.08.023. 

Nance, M., Sadoff, C., Minh, T.T., Sara, J., Namara, R.E., Lefore, N., Brozovic, N., 
Woodhouse, P., Samir, I., 2020. Accelerating Inclusive Farmer-led Irrigation and 
Reaching Scale (WEBINAR). International Water Management Institute. https:// 
www.iwmi.cgiar.org/events/farmer-led-irrigation-development-fli-webinar-series/. 

Ngigi, S.N., 2002. Review of irrigation development in Kenya. In: Blank, H., Mutero, C., 
Murray-Rust, H. (Eds.), The Changing Face of Irrigation in Kenya: Opportunities for 
Anticipating Change in Eastern and Southern Africa. International Water 
Management Institute, Colombo, Sri Lanka, pp. 35–54. https://doi.org/10.3910/ 
2010.006. 

Ngigi, S.N., Thome, J.N., Waweru, D.W., Blank, H.G., 2001. Low-cost irrigation for 
poverty reduction: an evaluation of low-head drip irrigation technologies in Kenya. 
International Water Management Institute, Colombo, Sri, Lanka. https://publicat 
ions.iwmi.org/pdf/H028340.pdf.  

Nygaard, I., Traerup, S., Elemr Hansen, U., Boldt, J., 2015. Overcoming Barriers to the 
Transfer and Diffusion of Climate Technologies, 2nd ed. In: TNA Guidebook Series. 
UNEP DTU Partnership, Copenhagen, Denmark.  

Oates, N., Jobbins, G., Mosello, B., Arnold, J., 2015. Pathways for Irrigation 
Development in Africa – Insights From Ethiopia, Morocco and Mozambique 
(Working Paper 119). Future Agricultures Consortium. https://www.future-agricult 
ures.org/download/fac-working-paper-119-pdf/. 

Odame, H., Muange, E., 2011. Can agro-dealers deliver the green revolution in Kenya? 
IDS Bull. 42 (4), 78–89. https://doi.org/10.1111/j.1759-5436.2011.00238.x. 

OECD, 2013. Agricultural Innovation Systems - A Framework for Analysing the Role of 
the Government. OECD Publishing, Paris, France. https://doi.org/10.1787/ 
9789264200593-en.  

Ortiz, O., Orrego, R., Pradel, W., Gildemacher, P., Castillo, R., Otiniano, R., Gabriel, J., 
Vallejo, J., Torres, O., Woldegiorgis, G., Damene, B., Kakuhenzire, R., Kasahija, I., 
Kahiu, I., 2013. Insights into potato innovation systems in Bolivia, Ethiopia, Peru 
and Uganda. Agric. Syst. 114, 73–83. https://doi.org/10.1016/j.agsy.2012.08.007. 

Otoo, M., Lefore, N., Schmitter, P., Barron, J., Gebregziabher, G., 2018. Business Model 
Scenarios and Suitability: Smallholder Solar Pump-based Irrigation in Ethiopia. 
International Water Management Institute, Colombo, Sri Lanka. https://doi.org/ 
10.5337/2018.207.  

Pittock, J., Bjornlund, H., van Rooyen, A., 2020. Transforming failing smallholder 
irrigation schemes in Africa: a theory of change. Int. J. Water Resour. Dev. 36, 
S1–S19. https://doi.org/10.1080/07900627.2020.1819776. 

Postel, S., Polak, P., Gonzales, F., Keller, J., 2001. Drip irrigation for small farmers: a new 
initiative to alleviate hunger and poverty. Water Int. 26 (1), 3–13. https://doi.org/ 
10.1080/02508060108686882. 

Rabatsky, B., Krause, M., 2017. Private Sector Provision of Rural Advisory Services. Issue 
August. Global Forum for Rural Advisory Services, Lindau, Switwzerland. https:// 
www.g-fras.org/es/good-practice-notes/29-private-sector-provision-of-rural-advisor 
y-services.html.  

Rajalahti, R., Janssen, W., Pehu, E., 2008. Agricultural Innovation Systems : From 
Diagnostics toward Operational Practices Systems. Discussion Paper 38. World Bank 
Group, Washington D.C. http://documents.worldbank.org/curated/en/3815214 
68138591604/Agricultural-innovation-systems-from-diagnostics-toward-operatio 
nal-practices.  

Rogers, E.M., 1995. Diffusion of Innovations, Fourth. The Free Press. 
Sarasini, S., Linder, M., 2018. Integrating a business model perspective into transition 

theory: the example of new mobility services. Environ. Innov. Soc. Trans. 27 
(September 2017), 16–31. https://doi.org/10.1016/j.eist.2017.09.004. 

Scheltema, W., 2002. Smallholder management of irrigation in Kenya. In: Blank, H., 
Mutero, C., Murray-Rust, H. (Eds.), The Changing Face of Irrigation in Kenya: 
Opportunities for Anticipating Change in Eastern and Southern Africa. International 
Water Management Institute, Colombo, Sri Lanka, pp. 171–192. 

Schiller, K.J.F., Klerkx, L., Poortvliet, P.M., Godek, W., 2019. Exploring barriers to the 
agroecological transition in Nicaragua: a technological innovation systems approach. 
Agroecol. Sustain. Food Syst. 44 (1), 88–132. https://doi.org/10.1080/ 
21683565.2019.1602097. 

Schut, M., Klerkx, L., Kamanda, J., Sartas, M., Leeuwis, C., 2018. Innovation platforms: 
synopsis of innovation platforms in agricultural research and development. In: 
Encyclopedia of Food Security and Sustainability, vol. 3(1). Elsevier. https://doi. 
org/10.1016/B978-0-08-100596-5.22197-5. 

Schut, M., Leeuwis, C., Thiele, G., 2020. Science of scaling: understanding and guiding 
the scaling of innovation for societal outcomes. Agric. Syst. 184 (April), 102908. 
https://doi.org/10.1016/j.agsy.2020.102908. 

Sijali, I., Okumu, R., 2002. New irrigation technologies. In: Blank, H., Mutero, C., 
Murray-Rust, H. (Eds.), The Changing Face of Irrigation in Kenya: Opportunities for 
Anticipating Change in Eastern and Southern Africa. International Water 
Management Institute, Colombo, Sri Lanka, pp. 55–71. https://doi.org/10.1016/j. 
envsci.2017.08.010. 

Sixt, G.N., Klerkx, L., Griffin, T.S., 2018. Transitions in water harvesting practices in 
Jordan’s rainfed agricultural systems: systemic problems and blocking mechanisms 
in an emerging technological innovation system. Environ Sci Policy 84, 235–249. 

S.T. Hornum and S. Bolwig                                                                                                                                                                                                                   

https://doi.org/10.1016/j.agsy.2013.03.003
https://doi.org/10.1016/j.agsy.2013.03.003
https://www.3r-kenya.org/wp-content/uploads/2019/03/02_3R-IB_knowledge-transfer.pdf
https://www.3r-kenya.org/wp-content/uploads/2019/03/02_3R-IB_knowledge-transfer.pdf
https://www.3r-kenya.org/wp-content/uploads/2019/03/02_3R-IB_knowledge-transfer.pdf
https://doi.org/10.1016/j.techfore.2008.10.001
https://doi.org/10.1016/j.techfore.2008.10.001
https://doi.org/10.1504/IJARGE.2009.032643
https://doi.org/10.1504/IJARGE.2009.032643
https://doi.org/10.1007/978-94-007-4503-2
https://doi.org/10.1007/978-94-007-4503-2
https://agrispin.eu/wp-content/uploads/2016/01/Theoretical-Framework-of-AgriSpin.pdf
https://agrispin.eu/wp-content/uploads/2016/01/Theoretical-Framework-of-AgriSpin.pdf
https://research.utwente.nl/en/publications/rcn-in-the-norwegian-research-and-innovation-system
https://research.utwente.nl/en/publications/rcn-in-the-norwegian-research-and-innovation-system
https://doi.org/10.1007/s10795-005-4419-6
https://doi.org/10.1002/ird.261
https://doi.org/10.1002/ird.261
https://doi.org/10.1016/j.agsy.2014.05.001
https://doi.org/10.4324/9781315537146
https://doi.org/10.1007/s10040-017-1571-7
http://www.kilimo.go.ke/wp-content/uploads/2019/01/ASTGS-Full-Version.pdf
http://www.kilimo.go.ke/wp-content/uploads/2019/01/ASTGS-Full-Version.pdf
https://doi.org/10.1016/j.seta.2017.02.005
https://doi.org/10.1016/j.seta.2017.02.005
https://doi.org/10.1002/ird.437
https://doi.org/10.1080/07900627.2016.1188267
https://www.researchgate.net/publication/241861288%0AIntroduction
https://www.researchgate.net/publication/241861288%0AIntroduction
http://www.fao.org/support-to-investment/news/%0Adetail/en/c/423683/
http://www.fao.org/support-to-investment/news/%0Adetail/en/c/423683/
https://doi.org/10.1016/j.agsy.2019.03.009
https://doi.org/10.1016/j.agsy.2019.03.009
https://www.km4djournal.org/index.php/km4dj/article/view/489/608
https://www.km4djournal.org/index.php/km4dj/article/view/489/608
https://doi.org/10.5337/2021.201
https://doi.org/10.5337/2021.201
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0305
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0305
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0305
https://doi.org/10.1002/ird.489
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0315
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0315
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0315
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0315
https://doi.org/10.1037//0033-2909.I26.1.78
https://doi.org/10.1037//0033-2909.I26.1.78
https://doi.org/10.1016/j.agwat.2013.08.023
https://doi.org/10.1016/j.agwat.2013.08.023
https://www.iwmi.cgiar.org/events/farmer-led-irrigation-development-fli-webinar-series/
https://www.iwmi.cgiar.org/events/farmer-led-irrigation-development-fli-webinar-series/
https://doi.org/10.3910/2010.006
https://doi.org/10.3910/2010.006
https://publications.iwmi.org/pdf/H028340.pdf
https://publications.iwmi.org/pdf/H028340.pdf
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0340
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0340
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0340
https://www.future-agricultures.org/download/fac-working-paper-119-pdf/
https://www.future-agricultures.org/download/fac-working-paper-119-pdf/
https://doi.org/10.1111/j.1759-5436.2011.00238.x
https://doi.org/10.1787/9789264200593-en
https://doi.org/10.1787/9789264200593-en
https://doi.org/10.1016/j.agsy.2012.08.007
https://doi.org/10.5337/2018.207
https://doi.org/10.5337/2018.207
https://doi.org/10.1080/07900627.2020.1819776
https://doi.org/10.1080/02508060108686882
https://doi.org/10.1080/02508060108686882
https://www.g-fras.org/es/good-practice-notes/29-private-sector-provision-of-rural-advisory-services.html
https://www.g-fras.org/es/good-practice-notes/29-private-sector-provision-of-rural-advisory-services.html
https://www.g-fras.org/es/good-practice-notes/29-private-sector-provision-of-rural-advisory-services.html
http://documents.worldbank.org/curated/en/381521468138591604/Agricultural-innovation-systems-from-diagnostics-toward-operational-practices
http://documents.worldbank.org/curated/en/381521468138591604/Agricultural-innovation-systems-from-diagnostics-toward-operational-practices
http://documents.worldbank.org/curated/en/381521468138591604/Agricultural-innovation-systems-from-diagnostics-toward-operational-practices
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0390
https://doi.org/10.1016/j.eist.2017.09.004
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0400
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0400
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0400
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0400
https://doi.org/10.1080/21683565.2019.1602097
https://doi.org/10.1080/21683565.2019.1602097
https://doi.org/10.1016/B978-0-08-100596-5.22197-5
https://doi.org/10.1016/B978-0-08-100596-5.22197-5
https://doi.org/10.1016/j.agsy.2020.102908
https://doi.org/10.1016/j.envsci.2017.08.010
https://doi.org/10.1016/j.envsci.2017.08.010
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0425
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0425
http://refhub.elsevier.com/S0308-521X(21)00172-4/rf0425


Agricultural Systems 193 (2021) 103219

16

Smith, S., Sterling, A., Berkhout, F., 2005. The governance of sustainable socio-technical 
transitions. Research Policy 34 (10), 1491–1510. https://doi.org/10.1016/j. 
respol.2005.07.005. 

Spielman, D.J., Birner, R., 2008. How Innovative Is Your Agriculture ? Using Innovation 
Indicators and Benchmarks to Strengthen National Agricultural Innovation Systems 
(Discussion Paper 41). World Bank, Washington D.C. https://documents1.worldban 
k.org/curated/en/696461468316131075/pdf/448700NWP0Box327419B01PUB 
LIC10ARD0no1041.pdf.  

Stewart, J., Hyysalo, S., 2008. Intermediaries, users and social learning in technological 
innovation. Int. J. Innov. Manag. 12 (3), 295–325. https://doi.org/10.1142/ 
S1363919608002035. 

Suurs, R.A.A., Hekkert, M., Smits, R.E.H.M., 2009. Understanding the build-up of a 
technological innovation system around hydrogen and fuel cell technologies. Int. J. 
Hydrog. Energy 34 (24), 9639–9654. https://doi.org/10.1016/j. 
ijhydene.2009.09.092. 

Tigabu, A.D., Berkhout, F., van Beukering, P., 2015. The diffusion of a renewable energy 
technology and innovation system functioning: comparing bio-digestion in Kenya 
and Rwanda. Technological Forecasting and Social Change 90 (PA), 331–345. 
https://doi.org/10.1016/j.techfore.2013.09.019. 

Turner, J.A., Klerkx, L., Rijswijk, K., Williams, T., Barnard, T., 2016. Systemic problems 
affecting co-innovation in the New Zealand Agricultural Innovation System: 
identification of blocking mechanisms and underlying institutional logics. NJAS 
Wageningen J. Life Sci. 76, 99–112. https://doi.org/10.1016/j.njas.2015.12.001. 

USAID, 2016. Drip irrigation in smallholder markets : a cross-partnership study. In: 
Report of the Feed the Future Partnering for Innovation (Washington D.C). https 
://s3.amazonaws.com/www.dripplus.org/Resources_Drip_Irrigation_in_Smallhol 
der_Markets.pdf. 

USAID, 2019. Strengthening private sector extension and advisory services – portfolio 
review. In: Developing Local Extension Capacity Project. Washington D.C. https:// 
www.agrilinks.org/sites/default/files/dlec_strengthening_private_sector_extensio 
n_and_advisory_services_full_report.pdf. 

FAO (2020). AQUASTAT Database. Retrieved October 30, 2020, from http://www.fao. 
org/nr/water/aquastat/data/query/index.html?lang=en. 

Veldhuizen, L. van, Rappoldt, A., Bitzer, V., & Mur, R. (2018). Understanding 
Agribusiness-based Advisory Services: Findings of a Learning Trajectory. KIT Royal 
Tropical Institute; Amsterdam, The Netherlands. https://www.kit.nl/wp-content/ 
uploads/2018/11/ABAS-synthesis-report-final.pdf. 

van Welie, M.J., Truffer, B., Yap, X.-S., 2019. Towards sustainable urban basic services in 
low-income countries: a Technological Innovation System analysis of sanitation 
value chains in Nairobi. Environ. Innov. Soc. Trans. 33 (June), 1–19. https://doi. 
org/10.1016/j.eist.2019.06.002. 

Venot, J.P., Kuper, M., Zwarteveen, M., 2017. Drip Irrigation for Agriculture: Untold 
Stories of Efficiency, Innovation and Development. Routledge, New York. https:// 
doi.org/10.4324/9781315537146.  

Wanvoeke, J., Venot, J.P., Zwarteveen, M., de Fraiture, C., 2015. Performing the success 
of an innovation: the case of smallholder drip irrigation in Burkina Faso. Water Int. 
40 (3), 432–445. https://doi.org/10.1080/02508060.2015.1010364. 

Wieczorek, A.J., Hekkert, M., 2012. Systemic instruments for systemic innovation 
problems: a framework for policy makers and innovation scholars. Sci. Public Policy 
39, 74–87. https://doi.org/10.1093/scipol/scr008. 

Wigboldus, S., Klerkx, L., Leeuwis, C., Schut, M., Muilerman, S., Jochemsen, H., 2016. 
Systemic perspectives on scaling agricultural innovations. A review. Agron. Sustain. 
Dev. 36 https://doi.org/10.1007/s13593-016-0380-z. 

Woltering, L., Ibrahim, A., Pasternak, D., Ndjeunga, J., 2011. The economics of low 
pressure drip irrigation and hand watering for vegetable production in the Sahel. 
Agric. Water Manag. 99 (1), 67–73. https://doi.org/10.1016/j.agwat.2011.07.017. 

Woodhouse, P., Veldwisch, G.J., Venot, J.P., Brockington, D., Komakech, H., 
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