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Abstract

Adoption of small-scale pumped irrigation technologies were evaluated using field surveys in Malawi.
Four pumped systems were identified, distinguished by ownership (group vs individual) and technology
(treadle vs motorized). Farmer access to pumps was either through organizational support (incentivised)
or privately (self-motivated) with progression depending on the mode of access and farmers attributes.
Self-motivated farmers had better socio-economic status and access to knowledge supporting the
pumps’ continued-use. Conversely, incentives drive the uptake of other pumps and the provision of
continued external support reinforced their continued-use. Farmers need to be supported beyond

affordability by safeguarding the availability and maintenance of pumps.
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Introduction

More than 70% of Africa’s poor live in rural areas and depend on rain-fed agriculture for their
livelihoods (You et al., 2011), yet they face significant challenges associated with population growth
and climate change (Knox et al., 2012). Irrigation development is considered a key option to increase
agricultural production and build resilience to climate change in sub Saharan Africa (SSA). For example,
the first of the four pillars of the Comprehensive Africa Agriculture Development Plan, advocated by
the New Partnership for Africa's Development (NEPAD, 2003) is land and water development with a
specific focus on irrigation development. Evidence from Asia shows that success in improving food
security and tackling poverty has largely been through provision of irrigation infrastructure (Fujiie et
al., 2011). In many SSA countries, small-scale irrigation is a fundamentally important component of
agricultural development underpinning initiatives to increase food crop production, supporting
livelihoods, household incomes and food security. Small-scale irrigation is typically characterized by
the uptake of less formal and simple technologies often dependent on manual labour (Fujiie et al., 2011).
Recently, there is evidence emerging of small-scale irrigation commonly termed farmer-led irrigation
development. According to SAFI (2018), Farmer-led irrigation is a process in which small-scale farmers
drive the establishment, improvement and/or expansion of irrigated agriculture, often in interaction with
external actors. In farmer-led irrigation, farmers initiate and control the process of irrigation
development having been convinced of its usefulness. Farmers do not wait for external assistance to

provide technologies; instead they acquire the technology convinced that it has some utility.

In Malawi, agriculture accounts for about 37% of Gross Domestic Product and employs over 80% of
the rural population. Most agricultural production is rain-fed (Chirwa et al., 2008) given the low level
of irrigation infrastructure (less than 150,000 ha). Rain-fed production has failed to meet the food
demands of the population which was reported to be increasing at +3.2% per annum (Chirwa et al.,
2008). In Malawi, the frequency of droughts has been increasing suggesting that rain-fed agricultural
systems may not be sustainable (Chidanti, 2011). To redress the situation, Malawi has been promoting

small scale irrigation technologies (Wiyo and Mtethiwa, 2014; Kamwamba-Mtethiwa et al., 2016).



Irrigation development is a government priority to support food security, raise incomes and reduce
poverty (Government of Malawi, 2011). Small-scale pump irrigation systems such as treadle and
motorized pumps are among the technologies being widely promoted. In 1994, the Malawi Department
of Irrigation introduced ‘Rope and Washer’ pumps to farmers in the wetlands. These were manual
irrigation water-lifting devices intended for lifts of up to 5m and offered at a subsidised price. According
to Wiyo (2002), the programme was phased out within a few months of inception because farmers lacked
interest. In the late 1990s, the Department of Irrigation introduced small motorized pumps (5 and 7
horsepower (hp)) which were donated by the Taiwanese and Japanese governments (Government of
Malawi, 2010). These were distributed freely to farmer groups. However, by the end of 1999 almost all

pumps were abandoned due to high operating (fuel) and maintenance costs (Wiyo et al., 2002).

Despite reported failures, the Malawian government procured about 2,000 10 hp motorized diesel pumps
from India (Government of Malawi, 2010) and distributed these free to farmer groups and on loan to
selected civil servants. Furthermore, although treadle pumps had been widely used, in 2000 the
government intensified the programme by distributing free treadle pumps to increase production and
improve the livelihoods of resource-poor farmers (Mangisoni, 2008). In 2004, the distribution of treadle
and group motorized pumps was extended such that Members of Parliament were distributing the pumps
to farmers in their constituencies. This led to the distribution of approximately 60,000 treadle pumps to
farmers between 2002 and 2005 (Government of Malawi, 2010; Kamwamba-Mtethiwa et al., 2012).
Despite concerns regarding the appropriateness of these pumps (Joseph and Yamikani, 2011;
Kadyampakeni et al., 2012), the government and other organizations continued to promote small-scale

pump irrigation in various forms.

Studies have indicated that the potential area for irrigation expansion in Malawi is about 407,862 ha,
which represents 15% of the arable cultivable area (Government of Malawi, 2015). However, by
2013/14, only 97,932 ha had been developed out of which 49,116 ha (50%) was under small-scale
irrigation the remainder was under private estates (Government of Malawi, 2014). Over a third of that
area was reported to be using small-scale pump irrigation technologies (Government of Malawi, 2014),

highlighting its importance for agricultural production. However, there were concerns regarding small-



scale pump irrigation as these were considered expensive, and often promoted by aid agencies with

gender-biases as some small-scale pump were not easily operated by women (Shah et al., 2002).

In Malawi, various initiatives including the Green Belt Initiative, Malawi Growth and Development
Strategies and Agricultural Sector Wide Approach have been established to increase smallholder
irrigated areas with small-scale pump irrigation being strongly promoted (Wiyo and Mtethiwa, 2014).
However, it is not clear whether increased support towards small-scale pump adoption contributes to
sustainable irrigation development. Sustainability is considered here in terms of whether farmers
continue using and/or build upon the pumps they have adopted. This research focuses on providing new
evidence to inform policies on the factors that influence the uptake of small-scale pump irrigation.
Specifically, the research explored the opinions of stakeholders including farmers in selected districts
of Malawi using the diffusion of innovation theory (Rogers, 2003) as one of the relevant theoretical
frameworks. The results of this study are relevant to the many SSA (e.g. Ghana, Kenya) and Asian
countries that are promoting small-scale pump irrigation as one way of improving crop production,

livelihoods and food security.

Conceptual framework and methodology

Rogers (2003) diffusion of innovation framework

A review of literature on technology adoption informed the selection of a model for designing this
research. Technology adoption refers to “‘the choice of acquiring and using a new invention or
innovation’’; while diffusion is considered as “the process by which something new spreads throughout
a population’” (Hall and Khan, 2002 pg. 1). Contributions from new technology can only be realized if
they are widely diffused and used. Diffusion is realized from a group of individuals’ decisions to start
using the new technology. In making the decisions, individuals tend to compare the uncertain cost of
adopting a new invention with its uncertain benefits (Hall and Khan, 2002). This implies that
understanding factors affecting the decision choice is important for those investigating the growth or
success of a technology. Garforth and Usher (1997) highlighted that numerous models relating to

technology adoption exist in the literature and a comprehensive review may not be possible and hence



selected models were reviewed. However, the central insight of most of these theories is the recognition
that human practices are built on various interrelated elements including norms, physical activities,
mental activities, technology use, knowledge and meanings; these form their everyday actions and
behaviour (Morris, et.al., 2012). The review showed that interpretation of adoption processes differ. In
some models adoption is successful when a critical mass starts to use a new innovation whereas in others
is considered to extend beyond taking the decision to use the technology and includes continued-use
and/or discontinuance. To explore the sustainability of small-scale pump irrigation adoption process,
Rogers (2003) diffusion of innovations model was selected as a suitable model to structure this research
since it provides a comprehensive process for understanding adoption beyond taking the decision to use

the technology.

Figure 1 about here

The theory of diffusion (Figure 1), considers innovation as an agent of behavioural change whereby both
the attributes of an innovation and the characteristics of adopters ultimately determine the rate of
adoption. Four main elements are recognised (Rogers, 2003): the innovation itself, communication
channels, time and the social system. The Rogers model perceives that different communication
channels have specific impacts on diffusion of innovations, and there are different roles that mass media
and interpersonal communication channels play in influencing diffusion of innovation. The model
perceives interpersonal communication channels as being more effective for persuading actual adoption.
It also perceives that “social systems shape the boundaries around the diffusion such that communication
is more effective among individuals with similar attributes (e.g. education, social status, values)”
(Rogers, 2003). The model considers innovation as an agent of behavioural change and that both the
attributes of an innovation and the characteristics of adopters determine the rate of adoption. Behaviour
will change more rapidly if the innovation is considered as being better than previous options (relative
advantage), it is consistent with existing values, experiences and needs of the potential adopters
(compatibility), it is easy to understand (complexity) and able to be tested (trialability) and visible
(observability). Hence, the diffusion pathway, which leads to the decision to either adopt or reject an

innovation, occurs through five discrete stages, namely knowledge, persuasion, decision,



implementation and confirmation. This study analysed farmer and stakeholder responses and mapped

these onto these five stages.

Criticisms of the model identified by Morris et al., (2000) include pro-innovation bias whereby the
model perceives that an innovation should be diffused and adopted by all individuals in the social
system. It also assumes that innovations should not be re-invented or rejected. This is considered as
being prescriptive suggesting a prearranged, predictable and linear progression from awareness through
to adoption. However these concerns have been addressed (Rogers, 2003). For example, the model relies
on respondents to remember when a new idea was adopted suggesting potential for obtaining data that
is inaccurate; this was resolved by triangulation in this study. Despite criticism, the diffusion of
innovations model is useful for explaining adoption and diffusion of agricultural technologies (Morris
et al., 2000). For example, Otte (2014) compared the motivation for adoption of solar cookers in
developing countries and was able to establish the pre-requisites for adoption such as economic savings.
In Malaysia, Sail and Hamad (1994) used the model to determine the level of technology adoption

among smallholder rubber producers.

Methodology

This study evaluated stakeholder perceptions and attitudes to factors affecting adoption of small-scale
pump irrigation in Malawi. We used purposive sampling to select respondents and triangulation to assess
the quantitative results. Multiple data sources included interviews, informal observations and
organizational documents (e.g. annual reports, project documents). Selection of respondents was based
on information provided by government officials. To select respondents from other stakeholders, the
chief executives of the respective organisations were contacted to suggest potential respondents and
interviews then scheduled. Farmer selection was guided by government extension workers relying
heavily on their local knowledge about communities. To increase the sample size, snowballing was used
whereby farmers were asked if they knew other individual farmers and/or farmer groups using the pumps

in the surrounding areas.



Two field surveys involving semi-structured interviews with 212 farmers (201 pump adopters (Table 1)
and 11 non-adopters) and 25 other stakeholders (including 10 from government departments, 9 from
local and international Non-Governmental Organizations, 2 from the pump commercial distributors, 2
from the donors and 2 academic institutions) were undertaken in 3 districts between 2013 and 2014
(Lilongwe, Ntcheu and Mchinji) (Figure 2). These districts were chosen to represent the major agro-
ecological zones where small-scale pump irrigation systems were potentially applicable. Lilongwe and
Mchinji represent mid-altitude warm plain zones (760-1300m) whilst Ntcheu represents both the middle
and low-altitude (200-760m), and a hot and dry agro ecological zone. Within each district, selection of
the study sites was limited to an Extension Planning Areas with a large number of irrigation pumps.
Formulation of the farmer and stakeholder questionnaires was guided by findings from a systematic

review (Kamwamba-Mtethiwa et al., 2016).

Figure 2 about here

The systematic review revealed that technical and socio-economic factors are key drivers in performance
of small-scale pump irrigation. Both surveys used similar processes. In general the farmers’
questionnaires included the farmers’ socio-economic history, pump characteristics, the adoption process
in which the questions included farmers previous irrigation methods and reasons for adopting the
pumps, the pump adoption profiles (pump types, operational status, crops grown, irrigated areas sizes,
farmers’ perception on labour demand, repair and maintenance, water supply, inputs for capital,
continuity and discontinuity contributing factors), farmers membership in the cooperative societies and
farmers’ preferences and future prospects on the pumps. For pump non-adopters, their views on the
pumps were sought; this included their knowledge about pumps, the reasons for not using a pump; any

intention to use pumps in future, and their reasoning for the type of pump anticipated.

For other stakeholders, the questions were the same as the farmer questionnaire. This was to ensure
triangulation of data gathered. In addition, it included the respondents’ organization history and types
pumps associated, the type of support provided, expected benefits, comparisons of the pumps,
perceptions and future prospects. For informal observations, since most interviews with farmers were

carried out right in their irrigation fields whilst irrigation activities were taking place, this provided an



opportunity to supplement the data by taking field notes on the processes taking place as the farmers

were irrigating.

Given the nature of the research questions and the unequal sample sizes, descriptive statistical analysis
using percentages and Chi Square tests were used to describe the profiles of small -scale pump irrigation
currently adopted in Malawi. The responses from open-ended questions were analysed using content

analysis techniques (Krippendorff, 2003).

Results and Discussion

Descriptive characteristics of pumps and adopters

Four distinct pumped systems, comprising two pump types (treadle and motorized) and two ownership
modes (group and individual) were identified (Table 1). For group treadle pumps, the average number
of members sharing a pump was 10 (range 9-23); these were used on individual fields. For group-
motorized pumps, average membership was 21 (range 12-38); these pumps were used on communal
land usually provided by either the chiefs or one of the group members under agreed conditions. About
half the group-treadle pumps were provided to farmers free while over a third were subsidised. Most
individual-treadle pumps were obtained via subsidies; about a quarter were obtained privately at full
cost. All group-motorized pumps were provided free whilst most individual-motorized pumps were
sourced at full cost. Farmers relying on support from organisations were referred as ‘incentivised” whilst

those using their own private initiatives were called ‘self-motivated’.
Table 1 about here

Treadle pumps use human energy as their source of power; their capacity depending on the amount of
energy applied by the farmers. Treadle pumps were either made from galvanized iron (Money Maker)
or steel and timber (Advaith) (Njuki et al., 2014). Most group farmers were likely to use the Advaith
pumps while most individuals used Money Maker pumps (p<0.001). This could be because the
government only distributed the Advaith pumps to groups of farmers. However, farmers were generally
in favour of the Money Maker pump as Advaith pumps were harder and heavier to operate. Advaith

treadle pumps weigh 35-40 kg and have a high discharge (3 m3hr) compared to the Money Maker (15-
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20kg; discharge 1.44- 4.32 m®/hr). For motorized pumps, two capacities (6 and 10 hp) were used. Most
group farmers used the 10 hp pumps. The engine capacities for individual motorized pumps ranged

between 3 and 10 hp with the most common size being 5.5 hp.

There was a significant difference (p< 0.001) between group and individual ownership, in terms of
whether the pumps were still used or not. The majority of group-treadle and motorized pumps were not
used. In contrast, most individual treadle and motorized pumps were still in use. Similarly, most pumps
acquired by the self-motivated farmers were likely to be operational compared to those acquired by
incentivised farmers (p<0.001). The characteristics of both the group treadle pumps and motorized
pumps may have contributed to them being non-operational. However there was no significant

difference between treadle and motorised pumps in terms of whether the pumps were still in use or not.

Most treadle and group-motorized pump farmers used traditional irrigation methods (watering cans)
prior to adopting the pumps. Considering that most of these pumps were either provided free or
subsidized, it is likely that farmers were partly persuaded to adopt pumps by incentives. In contrast,
most individual-motorized pumps farmers had previously used treadle pumps, suggesting that these had
prior experiences with pumps. The results showed significant differences between treadle and motorized
pump farmers in terms of the type of water sources used. A higher proportion of those using private
wells used treadle pumps. None of the group-motorized pumps used shallow wells as their water source,

possibly due to their larger water discharge.

Over 90 percent of farmers grew maize, the main staple food in the area. About a third, especially those
with individual pumps, also grew vegetable crops including tomatoes, potatoes and onions for local sale.
Most respondents were male (Table 1), middle aged (36-50 years), educated at least up to primary school
level and with an average of six household members; a higher proportion of those educated to secondary
school level were the self-motivated farmers (p< 0.05) suggesting these had better knowledge than the
incentivised farmers. Most of these had retired from paid work and settled in the rural areas. The
dominance of men among the respondents could also be due to their flexibility and knowledge to respond
to irrigation technology issues. In general, most farmers adopting the pumps had increased their irrigated

areas. However, most incentivised farmers owned irrigated areas that were significantly (p<0.001)



smaller (0.04-0.2 ha) compared to irrigated area for self-motivated farmers. Across all pump categories,
farmers owned various household assets such as radios, mobile phones and bicycles (Table 1). In
addition, of the very few farmers that owned larger-value assets (e.g. televisions, motorcycles, oxcarts
and motor vehicles), the majority were the individual-motorized pump farmers indicating better access
to financial resources currently or in the past. Furthermore, more farmers with the individual owned
pumps (particularly those with motorized pumps) were likely (p<0.000) to belong to some community
groups within their societies such as political, religious and socio-developments whereby maost of them
served as leaders in those groupings. For groups, very few farmers belonged to some community groups

or some cooperatives within their communities.

Statistical analyses showed there was a significant difference (p<0.000) between groups and individual
farmers in terms of ‘ownership’ and ‘pump capacity’. Smaller pump capacity was more likely to be
owned by individual farmers who had more positive socio-economic conditions compared to the group
farmers who mostly owned larger capacity pumps. The farmers’ pump adoption routes also were
analysed; most farmers that started with group treadle and motorized pumps discontinued using the
pumps while others reverted to traditional irrigation methods such as watering cans. In contrast, most
farmers that started with individual treadle and motorized pumps continued using pumps for a longer
period. Of these, about half of the individual treadle pump farmers switched to using individual
motorized pumps. Most individual motorized pump farmers started with treadle pumps as a start-up

irrigation technology.

Mapping adoption of pumped systems onto Rogers diffusion theory

The field survey results were mapped onto the five-stage decision-making process including the prior-
conditions and knowledge, persuasion, decision, confirmation and implementation, in order to assess

the relevance of Rogers (2003) diffusion theory to small-scale pump irrigation adoption.

Prior-conditions and knowledge: Most farmers agreed that it was the capacity of the pumps to increase

their irrigated areas that motivated them to adopt, and that they could not increase their irrigated areas
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with their previous irrigation methods. For example, treadle pump farmers claimed that watering cans
demanded more labour. Similarly, motorized pump farmers who previously used treadle pumps claimed
that treadle pumps were too demanding in terms of energy and provided lower water flow such that they
could not increase their irrigated area. Most farmers also mentioned that the distance from the water

source to their fields strongly influenced their decision to adopt pumps.

The results showed that the self-motivated farmers had more positive conditions prior to adoption of
pumps than the incentivised farmers. Their attributes included good education, large irrigated areas,
more capital assets, leadership skills and experiences in pump irrigation. This indicates that the
conditions of the self-motivated farmers are consistent with the prior conditions advocated by Rogers
(2003). Kamwamba-Mtethiwa et al. (2012) reported that relatively wealthy farmers had a significantly
higher probability of adopting treadle pumps than their poorer counterparts. These results confirm that
socio-economic attributes of self-motivated farmers play an important role in influencing farmer
decisions to adopt pumps and that farmer-led irrigation is practiced mainly by those farmers who are
more financially and socio-economically secure. This may also explain some of the reasons linked to

gender disparities under farmer-led irrigation.

For incentivised farmers, except for the age and household size, most were only educated to primary
school level, lacked leadership skills, owned small irrigated areas, lacked capital assets and were not
innovative. These attributes show that these farmers were not fully prepared to adopt the pumps but
rather external incentives influenced their decisions. This implies that the quality performance,
progression towards adoption and positive feelings about the pumps may have been lower for these
farmers (Herath, 2010). In South Africa, Fanadzo (2012) noted that weak institutions and poor technical
skills of farmers were the major factors leading to under-performance in most small-scale irrigation

systems.

Knowledge stage commences when an individual is exposed to an innovation’s existence and gains an

understanding of how it functions. For self-motivated farmers, pump knowledge was via friends who
used similar pumps. Farmers either borrowed or rented pumps before making the decision to adopt.

Similar observations were reported among farmer-led irrigation farmers (SAFI, 2018) who had the
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opportunity to test the pumps before making their decision. On the other hand, most incentivised farmers
learnt about the pumps through organisations (e.g. government, Non-Governmental Organisations) that
promoted them. These organisations had different criteria for disseminating the pumps, which likely
affected the farmers’ exposure to information about small-scale pump irrigation. For example, the
government indicated that their initial stage for disseminating the group-motorized pumps was to assess
the feasibility of potential pump sites. This included checking the water supply, land availability and
topography. Thereafter, farmers were approached for pump adoption suggesting that perhaps the
government overlooked the aspects of farmers’ technology exposure for successful adoption. For treadle
pumps, one Non-Governmental Organizations indicated that it sets targets for its extension workers (e.g.

number of pumps to be distributed within a specific period).

Given these approaches, it is likely that most incentivised farmers received pumps before fully
understanding their function and related benefits. Group motorized pumps were completely new to
farmers and the only source of the information was through the government. Furthermore, these pumps
were only available in selected communities. This likely reduced the farmers’ exposure to the pumps,
thereby increasing their uncertainty towards them. This may support the importance of ‘technology
observability’ in the adoption process (Morris et al., 2000; Rogers, 2003) and could explain some of the

reasons for the consistent treadle pump adoption routes and patterns.

Persuasion: Here farmers seek information to reduce their uncertainty about the expected benefits. We
explored how both the positive and negative attributes of the four pump types influenced the decision
of farmers to adopt through the farmers opinions. The results showed that the attributes of most pumps
adopted by the self-motivated farmers were often more compatible to the existing conditions of farmers
than the pumps adopted by incentivised farmers (Table 1). Most pumps adopted by the self-motivated
farmers were portable, could be used on farmers’ small irrigated plots and could easily be tried by other
farmers within the community, suggesting these pumps were consistent with most of the innovation
attributes advocated by Rogers (2003). For incentivised farmers, the situation was different. The pumps
were often heavier, required a water source with large volumes and were not portable while most farmers

typically owned smaller irrigated areas and accessed smaller and undeveloped water sources (Table 1).

12



In addition, some pumps required resources for fuel and maintenance costs while most incentivised
farmers had limited access to capital. This suggests that adoption of pumps by the incentivised farmers
was not influenced by the innovation attributes but rather because the pumps were free or subsidised

suggesting that the innovation attributes did not influence the farmers’ decision to adopt.

Decision and implementation: Farmers sought confirmation of the earlier information regarding pump

attributes (e.g. ability to reduce labour, increase water flow and increase irrigated area) as to whether
their expectations prior to adoption were genuine. We explored this by assessing whether the
expectations that farmers expected before pump adoption were indeed what they experienced. The
results showed that adoption of the pumps created new challenges such as increased labour demand (for
treadle pumps), high operational, repair and maintenance costs and the need for modified or alternative
water sources (for motorized pumps). Farmers required additional resources, access to labour and

technical knowledge to successfully adopt and continue using these pumps.

Farmers addressed these challenges differently with most self-motivated farmers using improvised
strategies. For example; farmers replaced pump spare parts with locally available materials (e.g.
replacing treadle pumps valves with parts from bicycle tyres) because they were innovative; some hired
mechanics for pump repair and maintenance because they had access to financial resources; others
received support from colleagues using similar pumps because they were influential within their
communities. Based on Rogers (2003), the creation of these strategies can be understood as innovation
re-invention which signifies technology acceptance. We argue here that the creativity of self-motivated
farmers to cope with new demands by pumps supported their decisions to adopt the pumps and hence

contributed to the increased pump adoption and continued-use.

For incentivised farmers, they struggled to fully understand how the pumps continued to function after
adoption. For example, treadle pump farmers struggled to mobilise resources such as high labour
demand, repair and maintenance. Group motorized pump farmers struggled to access resources such as
operating costs (fuel) and developing water sources. Most incentivised farmers expected further support
on operational costs, pump repairs and maintenance services from the promoting organisations.

Although not all the organisations provided ongoing support, it included the provision of spare parts,
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fuel, irrigation inputs (fertilizers, seeds and herbicides), and training and extension services. Of the
farmers that received support, over half switched to using private individual-motorized pumps, about a
third continued using the pumps, while only a very few abandoned the pumps after support was
discontinued. This supports Chancellor (2000) who argued that poor farmers in SSA cannot afford to
use small irrigated pumps which may explain the reasons for low uptake and discontinued use of most

of the pumps acquired through incentives.

Confirmation (continued or discontinued pump use): In this stage farmers seek reinforcement for their

innovation decision to adopt the pumps and are likely to reverse the decision if exposed to conflicting
messages (Rogers, 2003). We explored farmer pump preferences if given a choice and whether they
intended to use the same pumps over the next decade. The results showed that most farmers preferred
individual-motorized pumps. However, none of the organisations promoted these pumps. Farmers
provided various reasons including the ability for the pump to increase the irrigated area, being easy and
simple to operate, and the freedom to use the pump. Several farmers preferred treadle pumps; mostly
these were group-motorized pump users. The main reason was that the treadle pumps do not require
fuel; supporting the argument that group-motorized pumps were possibly not compatible with farmers’
financial status. Very few farmers preferred group-motorized pumps and none preferred group-treadle
pumps. Regarding whether the farmers expected to use the same pumps over the next decade, the
majority of individual-motorized pump farmers indicated ‘yes’ while most treadle and group motorized
pump farmers indicated ‘no’. Most treadle pump farmers indicated that they would change to individual-
motorized pumps while the group-motorized pump farmers indicated that they would be using
individual-treadle pumps. These farmers’ choices agree with farmer-led irrigation findings by the
Studying African Farmer-led irrigation (2018) that private motorized pump irrigation is increasingly

rolling out in SSA.

The findings showed that not all the paths that lead to the farmers’ decisions to adopt the small pumps
are necessarily consistent with the five stages of the diffusion of innovation model (Rogers, 2003).
However, self-motivated farmers were consistent with the stages of the model. Incentivised farmers tend

to ignore the other stages (principally knowledge and persuasion). These farmers decide to adopt the
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pumps (decision stage) before they get to proceed to “prior-conditions’, ‘knowledge’ and ‘persuasion’
stages in diffusion of innovation. The implication is these farmers would thus have little experience with
pumps and be more likely to abandon them as in the case of group owned pumps. However, despite not
fully complying with all stages of Rogers (2003) framework, adoption of other pumps such as
individual-treadle pumps showed that most farmers continued to use them. These farmers also received
continued external support from the pump promoting organisations such as extension, trainings and
inputs. The provision of external support may thus have reinforced continued pump use. It was also
believed that pump adoption followed a different adoption trajectory referred to here as the
‘incentivised’. The restructuring of Rogers (2003) conceptual framework to include an ‘incentivised
pathway’ could support future policies in developing appropriate strategies to promote the uptake of
technologies initiated by incentives. Furthermore, there is scope to evaluate other theoretical
frameworks such as the Coward Hydraulic Property Theory in the small-scale pump irrigation adoption

process.

Research implications

Malawi is one of the poorest countries in SSA and the pump adopters in this study represent typical rural
farmers who rely on irrigation in many SSA countries. The findings show that there are differences on
progression of the small-scale pump irrigation systems between the adopters, and these appear to
emanate mostly from whether the pumps were adopted by the self-motivated farmers or the incentivised
farmers. The mode in which the pumps were accessed appears to have implications on the characteristics
of the farmers, their knowledge prior to adoption and the factors that persuaded the farmers to adopt the
various pumped systems. Decision-making in technology adoption is a complex process and requires an
adopter to select from series of choices. According to Rogers (2003), these choices are based on the
socio-economic status of the potential adopters and the information available about the technology
attributes. Whilst Rogers (2003) diffusion theory did not fit all stages of the adoption process, it does
provide valuable insights for policy makers to base decisions on small-scale pump irrigation both in
Malawi and SSA. For small-scale pump irrigation farmers, these choices are constrained by inadequate

income to purchase pumps, have relatively small-irrigated areas and inadequate information on which
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to base their decisions. These constraints can be worse when the pumped systems have related
requirements including the need for technical skills, operating (fuel) costs, repairs and maintenance

services. These affect the decision-making process.

In this study, farmers with better access to capital assets were found to have better access to information
about pumps since they were innovative. Conversely, farmers with limited capital assets had poor access
to the information. This suggests that the choices on the small-scale pump irrigation for those farmers
with limited resource bases (financial, physical and social), were also restricted (DFID, 1999; Oni et al.,
2011; Fanadzo, 2012). This could explain the reasons for small-scale pump irrigation discontinued-use
among the lower socio-economic status farmers although they were provided with free/subsidised

pumps.

The findings showed that not all the paths that lead to the farmers’ decisions to adopt the small pumps
are necessarily consistent with the five stages of the diffusion of innovation model (Rogers, 2003).
However, self-motivated farmers were consistent with the stages of the model. The decision to adopt
the pumps by the self-motivated farmers was based on their socio-economic status and understanding
on the attributes of the pumps which is consistent with the diffusion of innovation theory (Rogers, 2003).
These farmers had better attributes (e.g. good education, large irrigated areas, capital assets, leadership
skills and relevant experience) that supported their decisions to adopt and continue using the small-scale
pump irrigation. Continued or discontinued use of pumps will depend on farmers’ satisfaction with the
pumps in meeting their expectations. In order to promote uptake, policies promoting small-scale pump
irrigation need to recognise the consequences of how different adoption pathways (self-motivated or
incentivised) can impact on pump use and to offer solutions that will ensure sustainable adoption
processes. In addition, the rapid adoption of the individual-motorized pumps by the self-motivated
farmers could also be attributed to pump availability. The markets in Malawi are flooded with cheap
Chinese-manufactured petrol water pumps, which are entitled to VAT exemption (World Bank, 2011).
Trends observed elsewhere across SSA (Colenbrander and van Koppen, 2012; Namara et al., 2013; De

Fraiture et al., 2014; Giordano and de Fraiture, 2014; Woodhouse, 2016) have shown that emerging
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irrigation systems e.g. private petrol motorized pumps were increasing due to the import of cheaper

Chinese-manufactured water pumps into the market.

In contrast, incentivised farmers tend to decide to adopt the pumps (decision stage) before they get to
proceed to ‘prior-conditions’, ‘knowledge’ and ‘persuasion’ stages in diffusion of innovation. The
implication is these farmers would thus have little experience with pumps and be more likely to abandon
them as in the case of group owned pumps. Furthermore, these farmers lacked better socio-economic
attributes which increased their uncertainty towards the pumps. However, despite not fully complying
with all stages of Rogers (2003) framework, adoption of other pumps such as individual-treadle pumps
showed that most farmers continued to use them. Other factors such as the provision of continued
external support, their availability within the communities (which provided an opportunity to the farmers
to test the pumps) and their ability to fit in the existing farmers’ conditions such as the water sources,
supported the adoption process and sustainability. These farmers received continued external support
from the pump promoting organisations such as extension, trainings and inputs. The provision of
external support may thus have reinforced continued pump use allowing them to survive the ‘learning
curve’ (Burney and Naylor, 2012). This shows that the initial conditions leading to continued or

discontinued-use of the pumps are significant in the adoption process.

In their study on the motivations and adoption of solar cookers, Otte et al. (2014) considered a personal
motivation of a decision maker as significant if a small problem that occurred with the solar cookers
was fixed by the adopters. Where the personal motivation was low, the smallest problem with the new
technology led to discontinuance. This study supports this observation; most group pumps were
discontinued because the farmers were not motivated sufficiently to adopt the pumps. However,
researchers exploring adoption due to incentives should apply the Rogers (2003) model with caution.
The study also revealed that among incentivised farmers, treadle pump farmers received continued
external support compared to other pump categories. These findings are consistent with previous studies
that reported treadle pumps were heavily supported by many organisations (Kamwamba-Mtethiwa et

al., 2012) in Malawi. This could explain why there was a steady adoption rate of individual-treadle
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pumps over time and a gradual change of a higher proportion of the adopters to the individual-motorized

pumps.

According to Burney et al. (2012) and Carter et al. (1999) providing continued support to technologies
such as treadle pumps helps ensure sustainability and reduces the possibility of adopters going back to
their previous technologies. Policies that consider the capacity of the potential pump adopters to operate,
repair, maintain and obtain the spare parts of the pumps may therefore be necessary for sustaining
adoption. It may be that there are strong political, ethical and other reasons for supporting the poorer
farmers, but these farmers are likely to need more and continuing support, which needs to be included
in the strategies to sustain the adoption (Burney and Naylor, 2012; Djagba et al., 2014; Muchara et al.,
2014). Previous studies argued that it does not help to provide physical capital such as pumps without
addressing social or capital needs of the adopters (DFID, 1999; Djagba et al., 2014; Muchara et al.,
2014). These findings have relevance to countries in Africa and Asia where small-sale farmer-led

irrigation development is being widely promoted.

The study hypothesised that farmers without pump experience can effectively adopt individual
motorized pumps. Evidence showed that such farmers might be supported by their socio-economic
attributes to sustainably manage the pumps. However, these farmers lack technical skills, and in order
sustainably promote adoption, there is a need to build-up their technical competences on pumps. This
may include the provisions of technically competent extension workers, well-trained local artisans, clear
information on pump operation and maintenance and easy access to spare parts. Alternatively,
sustainability for these pumps can be ensured if policies promoting the pumps can emulate and apply
‘servitizations’ principles. According to Baines et al, (2009), servitization is defined as the innovation
of organization’s capabilities and processes to better create mutual value through a shift from selling
product to selling product service systems. This implies integrating promotion of the small-scale pump
irrigation with services and solutions that complement the adoption processes. For example, promotion
of cheap pumps can be combined with services that ensure availability of pump spare parts. Finally, for
sustainable adoption, our study proposes that policies promoting the uptake of incentivised pumps

should consider supporting the potential adopters beyond affordability concepts whilst policies that
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create an enabling environment and apply servitization principles such as allowing the inflow of cheap

pumps and spare parts could be an alternative option for supporting self-motivated farmers.

This study revealed that pumps adopted through incentives are not clearly recognised by the diffusion
of innovations model as an alternative pathway leading to adoption. A consideration of these
discrepancies led to the need to clearly define success in adoption of small-scale pump irrigation. There
is no common approach for identifying success for small-scale irrigation systems (Burney and Naylor,
2012; Hussain and Hanjra, 2004; Kamwamba-Mtethiwa et al., 2015). For example, most theories for
technology adoption are concerned with the uptake and diffusion of new innovations (Garforth and
Usher, 1997). In these theories, ‘success’ in technology adoption is often based on the number or
proportion of adopters initially accepting the innovation. Rogers (2003) however attempted to include
other stages (implementation and confirmation) beyond the acceptance, suggesting that innovations can
be continued or discontinued even after the decision to adopt has been taken. This perspective suggests
that continued-use can be used as a measure for success in adoption. Burney and Naylor (2012)
recognised success in small-scale irrigation projects as when ‘‘the adopter realizes significant
efficiencies and is able to reinvest in subsequent labour and cost savings, starting up the ladder of
increasing investment and asset accumulation®’. This suggests that successful adoption is beyond
innovation continued-use and hence the need to re-define ‘success’ in small-scale pump irrigation

adoption.

Successful adoption and conditions for continued use

Findings from field surveys agreed with most evidence in the literature on the success elements for
small-scale pump irrigation. The results showed increased adoption trends, continued-use and change
in the socio-economic status (e.g. accumulation of assets and reinvestment in labour saving
technologies) in several pump types. Continued-use here is considered as when farmers used the pumps
for a minimum period of six months or full irrigation season. Based on the analytical understanding,
those pumps could be categorized as successful by using any of the success definitions. However, a
reflection on conditions which contributed to these successes provided a new insight on how ‘success’

in the adoption process should be recognised. The analysis revealed that some pumps were adopted
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through incentives. Anand (2014) argued that this does not necessarily mean that the adopters who have
embraced a technology by incentives will continue using it but rather have honoured the idea as good
and are likely to include it in their current agenda. The implications is that counting the number of
adopters accepting the pumps as a success measure for adoption could be misleading especially with the

incentive farmers.

The field results also showed differences in the conditions that supported the continued-use of small-
scale pump irrigation between the incentive and self-motivated farmers. The provision of continued
external support to the incentive farmers reinforced the continued-use of the pumps. For self-motivated
farmers, their initial conditions such as previous experiences, exposure and better socio-economic status
facilitated their continued-use. These differences suggest that the conditions leading to either the
continued or discontinued-use of pumps are significant and should be incorporated in the adoption
processes adopted through incentives. The results also found that most treadle pump farmers advanced
to better pumps (individual private motorized pumps) and that success can be recognised beyond
continued-use and by increasing investment as advocated by Burney and Naylor, (2012). These results
seem to agree with the argument that there is a need for better understanding of “success’ in adoption of
small-scale pump irrigation We therefore propose that success in small-scale pump irrigation adoption
can be realized when adopters have accepted the pumps, continue using them and are able to increase

household investments and grow.

Conclusions

This study evaluated the adoption of the small-scale pump irrigation systems in Malawi guided by
Rogers (2003) theory of diffusion. We found that not all the small pumps adopted are consistent with
Rogers (2003) diffusion of innovation decision-making stages. Four pumped systems, group treadle,
group motorized, individual treadle and individual motorized pumps were identified and farmers with
different characteristics and access to knowledge adopt these pumps. The study found that the pump
adoption choices for farmers with limited resource bases, access to knowledge and exposure are narrow.

The study linked this to the increase in the adopters’ uncertainty towards the pumps and argued that the
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higher the adopters’ uncertainty about the pumps, the higher the probability of the pumps being

discontinued.

The study identified technical factors such as less labour demand and increased irrigated area as major
enablers for motivating farmers to adopt small-scale pump irrigation; while both technical (e.g. repair
and maintenance) as well as socio-economic (e.g. lack of capital for inputs and/or fuel costs) factors are
the major reasons limiting adoption. However, not all the organizations that promote incentivised pumps
consider the farmers’ technical and socio-economical requirements and hence such pumps are less likely
to be continued-use. Successful adoption can be supported with policies that integrate small-scale pump
irrigation promotion with services and solutions that provide technical as well as socio-economic

support.

Acknowledgement

The first author is grateful to the Commonwealth Scholarship Commission and Douglas Bomford Trust
for the PhD scholarship to undertake this research and for the travel grants to undertake the field surveys

in Malawi respectively.

References

Anand, A., Singh, O., Agarwal, M. and Aggarwal, R. 2014. Modelling adoption process based on
awareness and motivation of consumers, IEEE. Infocom Technologies and Optimization (ICRITO)

(Trends and Future Directions), 2014 3rd International Conference, Vol.1, pp. 1-6.

Baines, T.S. et al. 2009. The Servitization of Manufacturing A Review of Literature and Reflection on

Future Challenges’, Journal of Manufacturing and Technology Management, 20(5), 547-567.

Burney, J. A. and Naylor, R.L. 2012. Smallholder Irrigation as a Poverty Alleviation Tool in Sub-

Saharan Africa. World Development 40(1): 110-23.

Carter, R.C.; Tyrrel, S. F. and Howsam, P. 1999. The Impact and Sustainability of Community Water
Supply and Sanitation Programmes in Developing Countries. In CIWEM East Anglia Branch, pp 292-

96J CIWEM

21



Chancellor, F. (Eds). 2000. Sustainable development international: Sustainable Irrigation and the

Gender Question in Southern Africa. ICG Publishing Ltd: London: HR Wallingford, UK.

Chidanti-Malunga, J.F. 2009. Wetland farming and small scale informal irrigation in Malawi: The case

of Shire Valley. PhD thesis. Cranfield: Cranfield University, UK.

Chirwa, E. W.; Kumwenda, I.; Jumbe, C.; Chilonda, P. and Minde, I. 2008. Agricultural Growth and
Poverty Reduction in Malawi : Past Performance and Recent Trends. ReSaKSS Working Paper No. 8:
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), International Food policy

Research Institute (IFPRI) and International Water Management Institute (IWMI).

Colenbrander, W. and Van Koppen, B. 2012. Improving the Supply Chain of Motor Pumps to Expand

Small-Scale Private Irrigation in Zambia. Water International 38(4): 1-26.

DFID (Department for International Development). 1999. Context Sustainable Livelihoods Guidance

Sheets Framework Introduction Vulnerability Transforming. DFID, United Kingdom.

Djagba, J. F.; Rodenburg, J.; Zwart, J.S.; Houndagba, C.J. and Kiepe, P. 2014. Failure and Success
Factors of Irrigation Systems Developments: A Case Study from the Oueme and Zou Valleys in Benin.

Irrigation and Drainage 63(3): 328-39.

Fanadzo, M. 2012. Revitalisation of Smallholder Irrigation Schemes for Poverty Alleviation and
Household Food Security in South Africa: A Review. African Journal of Agricultural Research 7(13):

1956-69.

De Fraiture, C.; Kouali, G. N.; Sally, H. and Kabre, P. 2014. Pirates or Pioneers? Unplanned Irrigation

around Small Reservoirs in Burkina Faso. Agricultural Water Management 131: 212-20.

Fujiie, F.; Maruyama, A.; Fujiie, M.; Takagaki, M.; Merrey, D.J. and Kikuchi, M. 2011. Why Invest in
Minor Projects in Sub-Saharan Africa? An Exploration of the Scale Economy and Diseconomy of

Irrigation Projects. Irrigation and Drainage Systems 25(1): 39-60.

Garforth, C. and Usher, R. 1997. Promotion and uptake pathways for research output: A review of

analytical frameworks and communication channels. Agricultural Systems, 55(2), 301-322.

22



597

Giordano, M. and De Fraiture, C. 2014. Small Private Irrigation: Enhancing Benefits and Managing

Trade-Offs. Agricultural Water Management 131: 175-82.

Government of Malawi. 2010. Irrigation Annual Reports and Notes. Department of Irrigation: Ministry

of Agriculture: Unpublished report: Lilongwe. Malawi.

Government of Malawi. 2011. Malawi Growth and Development Strategies (MGDS), The Ministry of

Economic Planning and Development, Lilongwe, Malawi.

Government of Malawi. 2014. Irrigation Annual Reports. Department of Irrigation (DOI): Ministry of

Agriculture: Unpublished report: Lilongwe, Malawi.

Government of Malawi. 2015. Malawi Irrigation Master Plan. Department of Irrigation, Ministry of

Agriculture Unpublished report: Lilongwe, Malawi.

Hall, B.H. and Khan, B. 2002. Adoption of new technology. University of Califonia, Berkeley, Working

Paper No. 9730: http://www.nber.org/papers/w9730.pdf.

Hussain, 1. and Hanjra, M.A. 2004. ‘Irrigation and poverty alleviation: Review of the empirical

evidence’, Irrigation and Drainage, 53(1), pp. 1-15.

Joseph, C.M. and Yamikani, M. 2011. Any link between sexual inactivity and treadle pump performance

characteristics: The Malawi case. Physics and Chemistry of the Earth: 36(14-15), 1047-1050.

Kadyampakeni, D.M.; Kazombo-phiri, S.; Mati, B. and Fandika, I.R. 2015. Performance of small-scale
water management interventions on crop yield, water use and productivity in three agro-ecologies.

Irrigation and Drainage 64(2): 215-227.

Kadyampakeni, D. M.; Mloza-Banda, R.M.; Singa, D.D.; Mangisoni, J.H.; Ferguson, A. and Snapp, S.
2012. Agronomic and Socio-Economic Analysis of Water Management Techniques for Dry Season

Cultivation of Common Bean in Malawi. Irrigation Science 31(4): 1-8.

Kamwamba-Mtethiwa, J.; Weatherhead, K. and Knox, J. 2016. Assessing performance of small-scale
pumped irrigation systems in sub-Saharan Africa: Evidence from a systematic review. Irrigation and

Drainage 65(3): 308-318.

23



Kamwamba-Mtethiwa, J.; Namara, R.; De Fraiture, C.; Mangisoni, J.and Owusu, E. 2012. Treadle Pump

Irrigation in Malawi: Adoption, Gender and Benefits. Irrigation and Drainage 61(5): 583-95.

Knox, J.W.; Hess, T.M.; Daccache, A. and Wheeler, T. 2012. Climate change impacts on crop

productivity in Africa and South Asia. Environmental Research Letters Volume 7 034032.

Krippendorff. (Eds). 2003. Content Analysis. An Introduction to Its Methodology. 2nd ed. Sage

Publication Limited: London: UK

Mangisoni, J. H. 2008. Impact of Treadle Pump Irrigation Technology on Smallholder Poverty and Food
Security in Malawi: A Case Study of Blantyre and Mchinji Districts. International Journal of

Agricultural Sustainability 6(4): 248-66.

Morris, J. Morzano, M. Dandy, N. O’Brien, L. 2012. Theories and models of behaviour and behaviour
change: Sustainable behaviours and behaviour Change: theories, forest
research.http://www.forestry.gov.uk/pdf/behaviour_review_theory.pdf/$file/behaviour_review_theory

pdf

Morris, J.; Mills, J. and Crawford, .M. 2000. Promoting Farmer Uptake of Agri-Environment Schemes :

The Countryside Stewardship Arable Options Scheme. Land use policy 17(17): 241-54.

Muchara, B. B.; Obi, L.A.; Masika, P.; Ortmann, G.; Wale, E. and Mudhara, M. 2014. The Role of
Capital Assets and Institutions in the Success and Failure of Smallholder Irrigation Schemes in South

Africa. Journal of Human Ecology 48(2): 235-47.

Namara, R. E.; Gebregziabher, G.; Giordano, M. and De Fraiture, C. 2013. Small Pumps and Poor
Farmers in Sub-Saharan Africa: An Assessment of Current Extent of Use and Poverty Outreach. Water

International 38(6): 827-39.

NEPAD (New Partnership for Africa’s Development). 2003. Comprehensive Africa Agriculture

Development Programme (CAADP). Midrand, South Africa.

24



Njuki, J.; Waithanji, E.; Sakwa, B.; Kariuki, J.; Mukewa, E. and Ngige, J. 2014. A Qualitative
Assessment of Gender and Irrigation Technology in Kenya and Tanzania. Gender, Technology and

Development, 18(3): 303-40.

Otte, P.P. 2014. Warming up to Solar Cooking —a Comparative Study on Motivations and the Adoption

of Institutional Solar Cookers in Developing Countries. Energy Procedia 57(1876): 1632-41.
Rogers, E.M. (Eds). 2003. Diffusion of Innovations. 5th ed. New York: Free Press.

Studying African Farmer-led Irrigation (SAFI). 2018. Irrigating Africa — Reframing Agricultural
Investment. Discussion and synthesis of research by the Studying African Farmer-led Irrigation Project.
A workshop convened at the Rockefeller Foundation Bellagio Conference Centre, Italy. 5-10 February,

2018 by the SAFI research project.

Shah, T., Van Koppen, B., Merrey, D., De Lange, M. and Samad, M. 2002. Institutional alternatives in
small holder irrigation .Lessons from international experience with irrigation management transfer.

Colombo, Sri Lanka: International Water Management Institute

Sail, R.M. and Hamad, M.M.U. 1994. Factors associated with non-adoption of technology by rubber

smallholders, Pertanika Journal Science and Human, 2(1): 29-41.

Wiyo, K. A. and Mtethiwa, J.K. 2014. An Assessment of Water Requirements, Water Sources and
Irrigation Technology Options for Malawi's Green Belt Irrigation (GBI) Programme. Time Journals of

Agriculture and Veterinary Sciencies 2(1): 89-98.

Wiyo, K.; Lunduka, R.W. and Nalivata, P.C. 2002. Malawi Treadle Pump Impact Assessment Study.

Unpublished Report: Ministry of Agriculture, Lilongwe Malawi.

Woodhouse, P.; Jan Veldwisch, G.; Venot, J.P.; Brockington, D.; Komakech, H. and Manjichi, A.2016.
African farmer-led irrigation development: re-framing agricultural policy and investment? The Journal

of Peasant Studies. 44(1): 213-233.

25



World Bank. 2011. Privatization Commission Public Private Parterneship Options: Study and
Awareness Raising for Irrigation Investment in Malawi. Ministry of Agriculture and Water

Development: Malawi Government: Lilongwe, Malawi.

You, L.; Ringler, C.; Wood-Sichra, U.; Robertson, R.; Wood, S.; Zhu, T.; Nelson, G.; Guo, Z. and Sun,
Y. 2011. What is the irrigation potential for Africa? A combined biophysical and socioeconomic

approach? Food Policy 36(6): 770-782.

26



SPACE

https://dspace.org/

Diffusion of small-scale pumped irrigation technologies
and their association with farmer-led irrigation
development in Malawi

Kamwamba-Mtethiwa, Jean; Wiyo, Kenneth; Knox, Jerry W.; Weatherhead, E.
Keith

2021-03-17

Taylor & Francis

https://doi.org/10.1080/02508060.2021.1890522

Kamwamba-Mtethiwa J, Wiyo K, Knox J, Weatherhead K. (2021) Diffusion of small-scale
pumped irrigation technologies and their association with farmer-led irrigation development in
Malawi. Water International, Volume 46, Issue 3, pp. 397-416

Downloaded from a DSpace repository. https://dspace.org/


https://dspace.org/
https://doi.org/10.1080/02508060.2021.1890522
https://dspace.org

