
World Development 116 (2019) 15–27
Contents lists available at ScienceDirect

World Development

journal homepage: www.elsevier .com/locate /wor lddev
Neither modern nor traditional: Farmer-led irrigation development in
Kilimanjaro Region, Tanzania
https://doi.org/10.1016/j.worlddev.2018.11.018
0305-750X/� 2018 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail addresses: chris.de.bont@humangeo.su.se (C. de Bont), hans.komakech@

nm-aist.ac.tz (H.C. Komakech), gertjan.veldwisch@wur.nl (G.J. Veldwisch).
Chris de Bont a,⇑, Hans C. Komakech b, Gert Jan Veldwisch c

aDepartment of Human Geography, Stockholm University, SE-106 91 Stockholm, Sweden
bWISE – Futures: Centre for Water Infrastructure and Sustainable Energy Futures, Nelson Mandela African Institution of Science and Technology, PO Box 447, Arusha, Tanzania
cWageningen University, Department of Water Resources Management, PO Box 47, 6700AA Wageningen, The Netherlands

a r t i c l e i n f o
Article history:
Accepted 27 November 2018
Available online 21 December 2018

Keywords:
Farmer-led irrigation development
Tanzania
Sub-Saharan Africa
Agrarian differentiation
Shallow wells
Groundwater irrigation
a b s t r a c t

The debate around what kind of irrigation, large- or small-scale, modern or traditional, best contributes to
food security and rural development continues to shape irrigation policies and development in the Global
South. In Tanzania, the irrigation categories of ‘modern’ and ‘traditional’ are dominating irrigation poli-
cies and are shaping interventions. In this paper, we explore what these concepts really entail in the
Tanzanian context and how they relate to a case of farmer-led groundwater irrigation development in
Kahe ward, Kilimanjaro Region. For our analysis, we rely on three months of qualitative fieldwork in
2016, a household questionnaire, secondary data such as policy documents and the results of a mapping
exercise in 2014–2015. In the early 2000s, smallholders in Kahe started developing groundwater. This has
led to a new, differentiated landscape in which different forms of agricultural production co-exist. The
same set of groundwater irrigation technologies has facilitated the emergence of different classes of
farmers, ranging from those engaging with subsistence farming to those doing capitalist farming. The
level of inputs and integration with markets vary, as does crop choice. As such, some farms emulate
the ‘modern’ ideal of commercial farming promoted by the government, while others do not, or to a lesser
extent. We also find that national policy discourses on irrigation are not necessarily repeated at the local
level, where interventions are strongly driven by prioritization based on conflict and funding. We con-
clude that the policy concepts of traditional and modern irrigation do not do justice to the complexity
of actual irrigation development in the Kahe case, and obfuscate its contribution to rural development
and food security. We argue that a single irrigation technology does not lead to a single agricultural mode
of production, and that irrigation policies and interventions should take into account the differentiation
among irrigators.
� 2018 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

After disappointing results led to a lull in donor funding for irri-
gation during the 1980s and 1990s (Woodhouse, 2012), irrigation
development in Africa is back on the policy agenda (Feed the
Future, 2015; NEPAD, 2013; World Bank, 2008). Meanwhile, the
discussion on what kind of irrigation, and by extension what kind
of agriculture, best contributes to food security and general rural
development is ongoing. In the field of irrigation, questions are
raised about which technologies to promote, and whether these
should be collective or individual, small-scale or large-scale, newly
built or renovated (Lankford, 2009). With an estimated 80% of
African holdings being smaller than two hectares, covering about
40% of the total agricultural area (Lowder, Skoet, & Raney, 2016),
smallholder farmers are seen as the logical target of irrigation
development support by both governments and international
donors. However, while there has been increasing recognition
and appreciation of farmers’ ability to develop their own irrigation,
farmer initiated irrigation still largely goes unnoticed in policy cir-
cles, or is put aside as being outdated, inefficient and unproductive
(Beekman, Veldwisch, & Bolding, 2014; Woodhouse et al., 2017).

The end of the previous wave of investments, in the late 1980s
and early 1990s, saw an increased attention for ‘indigenous’
irrigation. Scholars working in East Africa looked primarily at ‘hill
furrow systems’, which date back to pre-colonial times (e.g.
Adams & Anderson, 1988; Adams, Potkanski, & Sutton, 1994;
Watson, Adams, & Mutiso, 1998). These are based on mountain
stream diversions and earthen canals (referred to as ‘furrows’)
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creating networks supplying water to communities for both pro-
ductive and consumptive use, often governed by authorities linked
to community leadership structures. Scholars have emphasized the
longevity of these systems, contrasted this with the early demise of
most state and donor funded irrigation schemes and concluded on
their future sustainability. Until today, East African governments
still primarily think of farmers’ irrigation initiatives as consisting
of ‘traditional’ canals, supporting unproductive subsistence farm-
ing, and in need of modernization (FDRoE, 2002; RoK, 2015; e.g.
RoR, 2010; RoU, 2011). This is perhaps most explicitly so in Tanza-
nia, where the 2010 National Irrigation Policy recognizes four dis-
tinct categories of irrigation: traditional irrigation schemes, rain
water harvesting irrigation schemes, improved irrigation schemes,
and large scale commercial irrigated farms (URT, 2010). Each cate-
gory comes with its specific set of policy measures and interven-
tions, thereby outlining how the government intends to interact
with these different types of irrigation. Essentially, farmers’ irriga-
tion initiatives are equated with the traditional irrigation schemes,
which are deemed inferior and in need of improvement.

These different irrigation policies are united in their (implicit)
disdain for smallholder farmers as drivers of rural development
or food security. This is in strong contrast to scholars that see them
as pivotal to development, as brought forward in debates around
food sovereignty (McMichael, 2014) and re-peasantization (van
der Ploeg, 2005; van der Ploeg, Laurent, Blondeau, & Bonnafous,
2009). These scholars propose the peasant farmer as an alternative
to capitalist agriculture, which they see as the cause of much of
today’s socio-environmental degradation, and as a legitimate start-
ing point for development (Jansen, 2014). This advocacy for the
peasant farmer has received criticism for being overly optimistic
of the abilities of peasant agriculture and for largely dismissing
agro-technological interventions (Bernstein, 2014). One of the
main points of critique is that ‘the peasant’ is not clearly defined,
foregoing the large diversity that exists in agricultural practices
and levels of market integration (Bernstein, 2014; Cousins, 2013;
Jansen, 2014; Woodhouse, 2012).

Recent work on farmer-led irrigation development has parallels
with the aforementioned debates. Scholars emphasize the ability of
farmers to drive irrigation expansion and improvement, while
pointing out the large diversity that exists between different irriga-
tion systems in forms of organization of agricultural production,
market relations and use of irrigation technologies (Beekman
et al., 2014; Nkoka, Veldwisch, & Bolding, 2014; Woodhouse
et al., 2017). In order to explore farmers’ actual contribution to irri-
gation development in Tanzania, and contrast it with the state’s
understanding of farmers’ irrigation initiatives, we follow
Veldwisch et al. (forthcoming) in their definition of farmer-led irri-
gation development as ‘a process in which farmers drive the estab-
lishment, improvement and/or expansion of irrigated agriculture,
often in interaction with other actors: government agencies, NGOs,
etc.’. This definition allows for an empirical understanding of the
processes and outcomes of farmers’ irrigation initiatives, and helps
to overcome both romanticized and negative notions of these
initiatives.

A type of farmer-led irrigation development that has gained
more attention recently in literature on sub-Saharan Africa (SSA)
is the emergence of ‘small private irrigation’ (de Fraiture &
Giordano, 2014) or ‘distributed irrigation’ (Burney, Naylor, &
Postel, 2013), two different terms both pointing towards irrigation
technologies which serve small areas and are managed and
financed by individual farmers. An emphasis has been on lift irriga-
tion, either from surface or groundwater sources, through the use
of buckets, or human-powered or motorized pumps. Motor pumps
and groundwater irrigation have been repeatedly associated with
commercial agriculture and especially the cultivation of vegeta-
bles. As a result, the idea that groundwater irrigation and the cul-
tivation of high value crops go together in SSA has taken hold in
both policy and academic circles. This is contrary to what is known
about groundwater use in South Asia for instance, where farmers
mostly grow cereals and pulses and irrigation is largely supple-
mental in nature (Shah, Singh, & Mukherji, 2006). In addition, the
emphasis in the SSA studies has been primarily on comparing
pump irrigators with non-irrigators or farmers using different irri-
gation technologies, with less attention paid to differences in orga-
nization of agricultural production among pump irrigators.

In this article, we focus on Tanzania and a case of farmer-led
irrigation development based on groundwater resources to study
how farmers’ irrigation initiatives develop and how these dynam-
ics compare to state policies on irrigation development. In addi-
tion, we contribute to the understanding of groundwater
irrigation in sub-Saharan Africa and its possible role in achieving
food security and rural development by showing the diversity of
agricultural practices related to groundwater and pump technolo-
gies. We do this by (1) exploring the categorization of irrigation
within Tanzanian policy and the state’s attitude towards farmer-
led irrigation development, and (2) studying the agricultural prac-
tices of farmers in a case of farmer-led groundwater irrigation
development in the Kilimanjaro Region. In the following sections,
we first take a closer look at the concepts of ‘traditional’ and ‘mod-
ern irrigation’ in Tanzanian irrigation policies. We unpack the
meanings of these terms, and how they reflect the attitude of the
Tanzanian government towards irrigation development. After this,
we use a case study in Kahe ward, Kilimanjaro Region, to explore
the dynamics of farmer-led irrigation development, the diversity
in modes of agricultural production, and the attitude of local
authorities towards these developments. We identify different
classes of farmers based on the use of labour and the level of com-
modification of inputs and outputs (cf. Bernstein, 2010) and show
how access to land, inputs, markets and financial capital plays a
role in shaping farmers’ organization of agricultural production
and vice versa. In the conclusion, we relate the case study to the
policy documents, and answer our research question: How do
the Tanzanian irrigation policy categories relate to actual practices
of farmer-led irrigation development and agricultural production,
and how do local civil servants deal with these? By doing this,
we show that petrol pump irrigation supports a wide range of agri-
cultural practices and does not fit the binary categories of Tanza-
nian irrigation policies (modern versus traditional), nor does it
match the assumption that groundwater irrigation is necessarily
linked to high investments and high value agriculture. These
insights force the reconsideration of these categories, challenge
the state’s current disdain for farmers’ ability to shape rural devel-
opment, and can be the basis for possible interventions to make
groundwater farmer-led irrigation development more inclusive.
2. Methodology

For the policy analysis, we gathered policy documents, con-
ducted interviews with relevant organizations in Dar es Salaam
and organized a workshop on farmer-led irrigation development
at the Nelson Mandela African Institution for Science and Technol-
ogy in Arusha, Tanzania. This workshop was attended by amongst
others the head of the National Irrigation Commission, representa-
tives of regional authorities and NGOs and scholars doing research
on irrigation in Tanzania. For the case study, wells and their
purposes in the different villages of Kahe ward were mapped by
the second author between December 2014 and February 2015.
Subsequent fieldwork was done by the first author from January
to March 2016, which was a dry period during which most farmers
were harvesting and preparing their land for cultivation in the
rainy season. Based on the mapping exercise, male and female
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participants were initially purposefully selected for semi-
structured interviews in Kahe town. After this, walks through the
areas of Kisangesangeni, Miwaleni and Oria villages facilitated both
a better understanding of the areas, and the possibility to conduct
interviews with a variety of people that were encountered in the
field: farmers, pump operators, well diggers and labourers. Four
large-scale farmers who did not reside in the study area were pur-
posefully selected for interviews, two of which were interviewed in
Moshi town. A total of 20 women and 26 men were interviewed,
and in addition, one focus group was held with women in Miwaleni
village. Interviews focused on agricultural practices, irrigation his-
tory, motives for investment in irrigation, constraints to agricul-
tural intensification, and irrigation activities.

The interview results helped compose a questionnaire that was
organized by the second and third author, and held among 150
farmers in Kisangesangeni village. The sampling method was based
on a list of households in the study village, which was created
together with village leaders. Each household was assigned a
unique code and a randomized list of households to be interviewed
was produced in Excel. It was decided beforehand that a minimum
of 30 and maximum of 120 non-irrigators were to be included. In
total, 150 questionnaires were completed, out of which 88 were
irrigators, 50 were non-irrigating farmers (one was later removed
from the dataset because of contradictory and incomplete
answers), and 12 were not farming (mostly due to old age or bad
health). The questionnaire had the objectives to a) estimate the
extent to which certain irrigation technologies were used and con-
ditions which assist or constrain their adoption; b) estimate the
extent of the benefits of irrigation and their distribution among
households in the village; and c) estimate the extent to which par-
ticular constraints are important in limiting the benefits generated
by the irrigation.

To get an idea of the local authorities’ attitudes towards farmer-
led irrigation development, we conducted semi-structured inter-
views with two zonal irrigation engineers, one principal technician
of the Pangani Basin Water Office (PBWO) and one community
development officer of that same office.

In the case study analysis, we use the questionnaire data for any
quantitative statements, while the qualitative analysis and histor-
ical statements rely on the semi-structured interviews.
3. Farmers’ irrigation initiatives in Tanzanian policy

Nationally, irrigation is seen as an essential element to trans-
form the Tanzanian agricultural sector ‘from subsistence to a mod-
ern and highly commercial sector’, thereby alleviating poverty and
food shortages (URT, 2016, p. 2). Farmers’ irrigation initiatives are
not expected to be able to contribute to this transformation how-
ever, especially not without external intervention. The 2002
National Irrigation Master Plan, defines traditional schemes as ‘ini-
tiated and operated by farmers themselves, with no intervention
from external agencies’ (URT/Nippon Koei, 2002, pp. 5–3). Mean-
while, modern schemes were ‘formally planned and designed[,]
fully developed smallholder schemes, on which full irrigation facil-
ities have been provided by external agencies’ (idem). A catego-
rization into modern and traditional irrigation on basis of the
degree of external intervention is also present in more recent pol-
icy documents. The 2010 National irrigation policy (URT, 2010) and
the 2016 National Irrigation Development Strategy (URT, 2016)
reflect some of the crucial elements of a ‘modernization mind-
set’ more explicitly: the designation of winner and loser status to
modern and traditional elements, an emphasis on the role of the
state, and a perceived need for formalization (Latour, 1993;
Olwig, 2002; Scott, 1998). First of all, traditional systems, still
equated with systems built by farmers, are portrayed as the losers,
the example of how things should not be (‘characterized by poor
infrastructure, poor water management and low yields’ (URT,
2010, p. 7, 2016, p. 7). They are inefficient, unproductive and badly
managed, mostly because they do not rely on ‘modern’, scientific
knowledge (In the 2016 national irrigation development strategy,
‘appropriate technology’ is equated with ‘modern technology’
(URT, 2016)). Secondly, farmers are put aside as not having suffi-
cient knowledge and capacity to build and operate good irrigation
systems (URT, 2016), while the state sees itself as the perfect facil-
itator of modern irrigation. This is formalized in the 2013 Irrigation
Act, which de facto bans farmer-led irrigation development by
demanding a water use permit, design drawings, a bill of quanti-
ties, and an environmental impact assessment before allowing
the construction of irrigation works (URT, 2013). Smallholder
farmers are unlikely to be able to comply with all these require-
ments, and any irrigation developed by them will therefore be con-
sidered illegal.

This understanding of farmers’ irrigation initiatives as ineffi-
cient and based on inferior knowledge has led to an irrigation
development agenda which strongly focuses on irrigation modern-
ization, or ‘improvement’, of existing farmer-initiated schemes.
The resulting ‘improved irrigation schemes’ are ‘schemes originally
initiated and operated by smallholder farmers that have received
interventions by an external agency in the form of construction
of a new diversion structure, gated canal intake, water division
boxes and other farm related structures’ (URT, 2010, p. 15). The
definition of this category emphasises the importance of external
interventions, while resonating the widely held simplistic under-
standing of farmers’ irrigation initiatives as earthen canal systems,
which need concrete structures to make them more efficient.

The current Tanzanian irrigation policies are only the most
recent expression of almost a century of irrigation modernization
and state control over irrigation development (de Bont, 2018).
Diemer (1990) explains how what he calls the ‘engineering para-
digm’, characterized by central management, measurement struc-
tures, and the objective of maximizing land and water
productivity, was developed during colonial times, but later
became an export product for former colonizers. This was also
the case in Tanzania, where the colonial emphasis on control over
water, and therefore over the people using that water, has been
inherited by later independent governments. The hegemonic mod-
ernization and engineering discourses have been so powerful that
disappointing results have not led to a change in policy, but have
rather reinforced governmental efforts to control irrigation devel-
opment by farmers, with the 2013 irrigation act as the latest
example.

Tanzania’s irrigation policies firmly reflect the modernization
mindset pervasive in other African countries. The dominant irriga-
tion typology brands farmers’ irrigation initiatives as traditional,
and consequently as unable to facilitate productive and profitable
agriculture, thereby hampering the government’s ambition to
move from subsistence agriculture to commercial farming, while
raising the agricultural productivity (Big Results Now, 2013). In
the next sections, we examine how these policy categories of mod-
ern and traditional irrigation are reflected in a case of farmer-led
groundwater irrigation development in Kahe ward.
4. Irrigation in Kahe ward

Kahe ward lies south of Moshi town, in the Kilimanjaro Region
in northern Tanzania (Fig. 1). It is part of the Pangani River Basin,
and falls within the Northern Irrigation Zone. It has roughly
19,000 inhabitants and is comprised of eight villages (NBS, 2012).
In this research, we focus on three of those villages: Miwaleni,
Kisangesangeni, and Oria. Combined these account for 12,000



Fig. 1. Location of Kahe ward in Kilimanjaro Region, Tanzania.
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inhabitants, with the majority of people living in the town center
of Oria (also called Kahe town). Many inhabitants have a migratory
background originating from the Kilimanjaro and Pare mountains,
and population in the area has increased quickly since 1960, when
the area was largely unpopulated (Water Warden Moshi, 1960).
The annual precipitation varies, and there are no continuous rain-
fall records readily available. However, rainfall records for the area
from the PBWO for 2012 and 2013 (PBWO, 2013), and those
recorded by the second author in 2016 and 2017, show an annual
precipitation between 275 mm and 500 mm, with most rain occur-
ring between March and May. In addition, precipitation records
from a relatively nearby weather station confirm that wet and
dry years alternate, but also show that average annual rainfall
has been declining over the last decades (Hemp, 2005).

Until the 1980s, smallholder farmers dug their own canals and
used the perennial Rau River for irrigation in Kahe. After this, the
river dried up for large parts of the year due to the expansion of
irrigated areas upstream. As a result, farmers in the research area
primarily relied on rain-fed agriculture from the mid-1980s, until
the declining rains became insufficient for growing maize even in
the main rainy season during the 1990s (cf. Estes et al., 2014).

With the increased availability of relatively cheap motor pumps
in the early 2000s, farmers have started to pump water from exist-
ing canals, rivers and wells. However, the pumping from canals is
illegal as the water is formally allocated to other users, and pumps
have on occasion been removed by the water basin authority.
Wells less than 15 m in depth do not require a permit, and no fees
are charged as of yet. Some farmers can use existing gravity-fed
canals during the rainy season when river levels are high and
floods occur. With limited surface water availability, groundwater
irrigation is the fastest developing type of irrigation in Kahe.

In 2016, almost two-thirds of questionnaire respondents used
some sort of irrigation (88 out of 137). The primary formof irrigation
in Kahe is through the use of a motor pump on a shallow hand-dug
well (Table 1). Other farmers use surface water sources, and either
lift water with a motor pump (n = 14), divert it through a gravity-
fed canal (n = 11) or a bucket (n = 1). With the reduction in rainfall,
the chances of being able to irrigate through a gravity-fed canal
has reduced, even in the rainy season. Thismeans that fewer farmers
are willing to contribute labor to maintain the gravity-fed canals,
which causes these canals to slowly disappear. The final form of irri-
gation only occurs during the rainy season and consists of farmers
diverting floodwaters to their fields through earthen canals.

From the different types of irrigation, shallow wells show the
most promise in supporting (partially) commercialized farming
while also improving food security (fewer months of food shortage
compared to rain-fed agriculture) (Table 1). This, in combination
with the high level of water security and the fact that all surface
water is already formally allocated to a variety of agricultural
users, makes that groundwater irrigation is the fastest developing
type of irrigation and promises to be the most feasible irrigation
technology in Kahe for the future. In the rest of the paper, we focus
on this groundwater irrigation development and the role it plays in
the larger agricultural system of Kahe ward.
5. Farmer-led groundwater irrigation

Although different people put the start of groundwater irriga-
tion at different times, most agree that farmers first started using
wells for irrigation in the early 2000s. Before that time, wells were
solely used for domestic purposes. In 2015, almost all wells outside
the main built up area were used for irrigation (Fig. 2). In total,
about 300 wells were used for irrigation in the study villages, while
approximately 200 were used for domestic purposes.

Although most people say that they started using petrol pumps
on their wells because, as one farmer put it, ‘life’s problems force to
innovate’, external influences clearly played a role. Several of the
first farmers who started using pumps were travelling to cities in
Tanzania or Kenya, and similarly outsiders who settled in the area
brought along new ideas. Before the introduction of petrol pumps,
KickStart treadle pumps (also called MoneyMakers), human-
powered by foot and promoted specifically for smallholder farmers
to shift from subsistence to commercial farming (KickStart, 2015),
were known in the area, but never became popular. One farmer
from Oria summarized the benefits and downsides: ‘We could only



Table 1
Share of farmers growing food and cash crops and average months of food and water shortage per agricultural water source.

Food crops* Food and cash crops Months of food shortage Months of water shortage

Irrigators (n = 88) 50% 50% 0.5 1.75
Shallow well (n = 42) 35% 65% 0.6 0.5
Surface water (n = 26) 50% 50% 0.4 2
Flood water (n = 18) 89% 11% 0.4 4
Unspecified (n = 2) 50% 50% 1.5 4

Non-irrigators (n = 49) 100% 0% 1.5 7**

Grand Total 67% 33%

* Maize and beans.
** This is an estimate, based on the fact that the area essentially only receives rain during the main rainy season, which runs from March to May, with occasional rains in

November and December.

Fig. 2. Location of irrigation and non-irrigation wells in the study area.

2 The pumps in Kahe are in suction lift condition as the water level is below the
centre of the pump’s impeller. A farmer will get a better performance if he/she
operates his/her pump closer to the groundwater surface, i.e. more discharge and no
cavitation. Cavitation occurs when the pressure on the pump suction side drops
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irrigate ¼ or ½ an acre [0.1 or 0.2 ha] with the MoneyMaker. That
was work! People were laughing at us, but we were able to harvest
and eat’. With the petrol pumps, it became possible to irrigate lar-
ger areas with less labor.

Farmers can buy a petrol pump, suction pipe and delivery hose
for 200–250 USD1 at hardware stores in nearby Moshi town. The
costs of a well vary strongly and depend on the depth of the well,
the stoniness of the soil and the required labor. Some farmers dug
the wells themselves, while others hired local laborers to do so.
The maximum price is about 700 USD, but most paid 225 USD or
less, with some not paying at all. Wells currently do not dry up, even
when pumps are used continuously, and many farmers allow their
neighbors to use the well for both domestic and irrigation purposes
without charge, as long as they bring their own pump. Farmers do
rent out their pump for 2–3 USD per day, primarily to their neigh-
bors who pay for the pump and use their own fuel.

Most interviewees purchased a pump the moment they started
irrigating. Few (5 out of 46 interviewees) rented a pump first, and
even fewer (2) first used a moneymaker before switching to a pet-
rol pump. Most used the proceeds from agriculture to pay for their
pump and other necessities for irrigation. This is supported by the
questionnaire data: 92% of well irrigators relied primarily on small-
scale farming for their income, which was 96% for non-irrigators.
1 At an exchange rate where 1 USD equals 2200 TSH
A well typically irrigates 0.4–1.6 ha, although it can go up to
3.6 ha if several pumps are used on the same well. Pump capacity
rather than well recharge is the limiting factor, although this might
change in future if an increasing amount of farmers start pumping
groundwater, extend their growing season and/or use larger
pumps. Most farmers use their well for one or two days a week
for irrigation. There are no collective wells or organizations for
managing them, and there are no restrictions on where to dig or
on the depth or size of the well.

Changes have been made to the design over time. Farmers
found for instance, that a round well was less likely to cave in than
a square well. The local well digger also started to dig a chamber
next to the well, in order to place the pump closer to the water
level (Fig. 3). He explained that the retailer who sold him his pump
told him that less strain is put on the pump if it is closer to the
water level. Farmers also stated that the pump is less likely to
break down when a chamber is used. These explanations are in line
with current engineering knowledge on the functioning of pumps.2
below the vapour pressure of water forming bubbles. When the bubbles collapse, they
release shockwaves leading to noise, low discharge, high fuel consumption and
breakdown. Cavitation is a common problem in water pump design, selection, and
installation (Brennen, 1994).



Fig. 3. Well without (left) and with (right) chamber.
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While groundwater irrigators are the ones benefiting most
through increased cropping intensities and cash crop cultivation,
even those who are not directly involved in irrigated agriculture
benefit from the increased economic activity in the area (cf.
Hussain & Hanjra, 2004). There is an increase in employment
opportunities, especially on farms where tomatoes and onions
are grown, and labor is required year-round. From interviews, it
became apparent that these new employment opportunities espe-
cially benefit those who are landless and unable to rent land, those
who have insufficient land to support their family’s subsistence
needs, and those who want to generate some financial capital to
invest back into agriculture.
3 The disparity between landless (41% of non-irrigators and 33% of well irrigators)
and renters (38% of non-irrigators and 31% of well irrigators) is caused by respondents
who had other forms of tenure or were not clear about their tenure situation.
6. Differentiated irrigated farming

A large part of the popularity of wells has to do with the possi-
bility of growing several seasons of high value crops under irriga-
tion, rather than only maize and beans during the rainy season.
This has led to a large increase in irrigation wells since 2012. From
being a source of food security (‘our lives depend on groundwater’),
wells became a source of wealth (‘people learned that farming can
be business’). Below we discuss the key sources of differentiation
among groundwater irrigators, which interconnect to form the
basis for our recognition of four distinct types of organisation of
agricultural production (see next section).

6.1. Land access

The agricultural revival in Kahe has not gone unnoticed by local
and regional entrepreneurs, and the area is attracting more and
more people who are interested in practicing commercial agricul-
ture. Some are farmers elsewhere, but many are business owners
who see agriculture as an investment. They rent land per season
or, on rare occasion, buy it and grow onions, tomatoes and other
high value crops. This increased interest in land has raised land
prices, both for buying and renting. Where people were buying
land at 225 USD per hectare in 1997 and 400 USD per hectare in
2004–2005, land prices in Oria had gone up to 2000 USD per hec-
tare in 2013. In 2016, farmers expected to sell their land for
2275 USD per hectare. While the difference between 1997 and
2004 can still be contributed to inflation, the price spike in 2013
cannot: a hectare which was worth 225 USD in 1997, would be
worth only 860 USD in 2013 if the increase was solely due to infla-
tion (based onWorld Bank inflation data for Tanzania (World Bank,
2016)). Instead, a hectare fetched 1930 USD, indicating the value
has more than doubled during the period in which people started
irrigating from wells. The increase in land prices is even more
remarkable when compared to the giving away of land by govern-
ment in the 1980s, when the state actively encouraged people from
the Kilimanjaro uplands to resettle in Kahe.

Having a well on your land does not only raise the sales price, it
also increases the amount you can ask for seasonal rent. Before the
start of groundwater irrigation, land would lie fallow for most of
the year. Now, suitable land is irrigated and cultivated year-
round, often by renters. Before the start of groundwater irrigation,
land would be rented out at 60 USD per hectare per season, while
now it is common to pay 120 USD.

Comparing non-irrigator farmers with those irrigating from
wells, the former are less likely to own land (Table 2). However,
one-third of groundwater irrigators also reports not to own any
land and to rely on renting the land of others. Among those owning
land, well irrigators do tend to own more land, which possibly ties
into their possibility to invest in irrigation in the first place.

The fact that well irrigators do not necessarily own land, yet
manage to gain access to irrigation reflects a lively rental market.
31% of well irrigators rent land, as do 38% of non-irrigators.3

Although this is a good development for farmers with more land
than they can farm, it creates a problem for those with insufficient
land and limited capital: ‘Before, you could just ask a friend for land,
but now agriculture has become sweet to people. People no longer
want to give land for free if they know they can get [45 USD]’ (female
farmer from Miwaleni). Until now, these problems have been lim-
ited, and not comparable to cases reported from South Asia where
rapidly falling water tables led to increased social differentiation
and the exclusion of the poor (Janakarajan & Moench, 2006).

The increase in land prices has also not led to a rise in the num-
ber of land deals. While farmers are happy to rent out their land,
they are reluctant to sell it. Most rental contracts are on a seasonal



Table 2
Land ownership for well irrigators and non-irrigators, shares per land ownership
category.

landless 0–1 ha 1–2 ha >2 ha Total

Non-irrigator (n = 49) 41% 36% 18% 4% 100%
Well irrigator (n = 42) 33% 35% 27% 5% 100%

Table 3
Share of (non-)irrigators growing the most common crop mixes among residential
farmers in Kisangesangeni.

Non-irrigator (n = 49) Well irrigator (n = 42)

Maize 52% 12%
Maize, beans 46% 23%
Maize, tomatoes 0 16%
Maize, beans, tomatoes 0 21%
Maize and other 2% 28%
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basis, and few farmers rent out all their land during the rainy sea-
son, during which they farm their own crops. There have been
hardly any problems in getting renters off the land or collecting
the rent. However, tenure insecurity has crept in through a govern-
mental policy to take away land that is not utilized by the owners.
Several farmers reported how their land was judged unused and
then sold without their knowledge, or that they feared this hap-
pening. In some cases, the land had been left fallow, but elsewhere
maize had been planted. They all connected this to an increase in
economic activity in the area.

6.2. Inputs and markets

Before the use of motor pumps and wells, water was the main
factor limiting crop choice. This resulted in a single cropping
Table 4
Costs, returns and profits per hectare for maize, tomatoes and onions, for four different mo
2016 (standard deviations in brackets).

Food crop*

(n = 16)

Maize 2015+ 2016
Yield (bags/ha) 17+ 7 (4)
% of yield sold 40+ 5 (13)
Price per bag (USD) 25 25 (3)
Income (USD/ha) 175+ 7 (18)
Costs (USD/ha) 64 64 (61)
Profit (USD/ha) 111+ �57 (57)

Tomatoes
Yield (crate/ha)
% of yield sold
Price per crate (USD)
Income (USD/ha)
Costs (USD/ha)
Profit (USD/ha)

Onions
Yield (bags/ha)
% of yield sold
Price per bag (USD)
Income (USD/ha)
Costs (USD/ha)
Profit (USD/ha)

* The data for maize for 2016 and the data for tomatoes are based on the questionnai
price of 25 USD per bag of maize (WFP, 2015)

+ The figures for maize for 2015 are based on interviews, and included because maiz
scenario, assuming a family will keep 10 bags of maize for home consumption and that th
food and cash crops. Tomatoes and onions are primarily grown during the dry season, a
** The numbers for tomatoes are based on two interviews, while those for onions are

because there are few farmers growing only cash crops. The reported prices of tomatoe
onions (TAHA, 2014).
season of maize and beans, at times supplemented by a kitchen
garden for vegetables for home consumption. Now, the majority
of farmers have access to dry season irrigation. This means that
it has become possible to grow high value crops, and go from sub-
sistence farming to commercial farming, while raising the agricul-
tural productivity. However, not all farmers have succeeded in
making this transition. 35% of well irrigators still cultivate only
the traditional food crops (maize or maize and beans) when irrigat-
ing from a well, and all keep maize as one of their main crops
(Table 3).

The crop combinations in Table 3 indicate that most resident
farmers grow maize, beans and/or tomatoes. This means that the
large fields of onions observed in Kahe are almost exclusively
grown on land rented by external commercial actors, who do not
show up in the questionnaire data due to them not being residents
of the villages they farm in.

Table 4 illustrates why smallholder farmers with limited capital
(almost all farmers in the study area) do not benefit from their
improved water security like those who are able to invest heavily.

First, cash crops require more inputs in terms of fuel (for pump-
ing water), seeds, pesticides, fertilizer and land preparation (the
costs in Table 4 are comprised of seeds, pesticides, fertilizer and
hired labor, but exclude fuel). Especially the production of onions
is too expensive for smallholder farmers who largely derive their
income from agriculture. Tomatoes are grown by both purely com-
mercial farmers and by farmers combining them with a food crop
such as maize, but with large differences in inputs, yields and mar-
ket possibilities. Maize costs only a fraction and is the basic crop
for most farmers. The crops that require most inputs also have
the highest potential profits. The 2015 yield scenario in Table 4,
included because floods severely affected maize yields in 2016,
shows that even when harvests are good, maize does not give a
similar profit as tomatoes. However, the averages in Table 4 hide
the fact that there is a large variation between different farmers
des of agricultural production, as reported by questionnaire respondents for the year

Food and cash crop*

(n = 26)
Cash crop**

(n = 2)

2015+ 2016
25+ 10 (9)
60+ 14 (27)
26 26 (2)
390+ 67 (164)
95 95 (78)
295+ �28 (143)

308 (383) 1039
95 (15) 100
3.5 (6) 5.9
1306 (2169) 6270
608 (428) 1653
698 (1889) 4618

137
100
68
9341
2199
7142

re data; Monitoring of farm-gate prices in Tanzania’s northern region supports the

e yields were strongly affected by severe flooding in 2016. We give an alternative
e farmers who grow only food crops will still have lower yields than those growing
nd therefore not affected.
based on one questionnaire respondent and one interview – the numbers are low
s are in line with other estimates for Tanzania, (AVRDC, 2014) as are the prices of
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and different years, especially in tomato farming. Out of the 26
farmers who farmed tomatoes with relatively little financial capi-
tal, only 7 made a profit. In the interviews, farmers explained
how they did well one year, while losing money the next. When
asked whether it was more beneficial to grow tomatoes than
maize, one farmer explained: ‘it is true, but it is not true. I could
farm [0.4 ha] and get 200 crates, but then fail to get somebody to
buy it at a good price’.

This introduces the second challenge for smallholders with little
capital to invest: market prices for cash crops fluctuate strongly
and local farmers have no choice but to sell to the intermediaries
that come to the farms during harvest time. Since almost all farm-
ers follow a similar cropping calendar to optimize benefits from
rainfall, prices drop strongly during certain times. They cannot
store their harvests, and ‘there are many farmers and many farms,
so you cannot wait for people to finish harvesting and the prices to
go up’ (farmer Kisangesangeni). This means that farmers often sell
their tomatoes for an average of 2 USD per crate, instead of 4–
14 USD. The market for maize on the other hand, is rather stable
and those wanting to sell their surplus harvest can sell one bag
of maize for about 25 USD at any time. Businessmen, who engage
in cash crop production as a side-business, have more opportuni-
ties to schedule their planting and are able to take their produce
to markets in Moshi, Dar es Salaam or elsewhere if farm-gate prices
drop.

Finally, those local farmers who do farm tomatoes (mostly
mixed with food crops) do not get the same harvests as those
who can manage more capital-intensive agriculture. The former
gets about 300 crates per hectare, whereas the latter can get
1100 crates from that same area. This is due to lower inputs and
seeds of lesser quality, but also partly due to a difference in knowl-
edge between experienced farm managers hired by external com-
mercial actors and local farmers.

These combined challenges mean that the farming of tomatoes
by resident farmers with limited capital is something very different
from capital-intensive farming of that same crop by external busi-
ness actors. Cultivating tomatoes might result in a loss, but can
also lead to higher profits than could be achieved by growing
maize. However, with low capital investment, a farmer can never
come close to the yields obtainable when capital constraints are
minimal. In conclusion, the costs of inputs are high for local farm-
ers and restrict their crop choice. When growing cash crops, lim-
ited inputs are likely to lead to lower yields, which then have to
be marketed through intermediaries at a lower price due to limited
market access. External commercial actors do not experience these
constraints in the same way.
6.3. Knowledge and support

Extension officers are absent from the area, and neither govern-
mental nor non-governmental actors have provided support or
information for farmers using wells. This is becoming problematic,
because farmers have increasingly started to grow tomatoes and
onions, which were not previously grown in the area. In many
farms, harvests are being spoiled by pests and diseases, leading
to the increased use of pesticides. Where farmers reported having
farmed without pesticides several years back, it has now become
an integral part of cultivation. Even so, several farmers have
decided to stop farming tomatoes because of the high level of
pests. Similarly, farmers have a practice of wild flooding on unle-
veled maize and tomato fields, rather than creating furrows or
basins on their land, which would likely be more efficient at field
level and thus have lower fuel costs. Some farmers indicate not
to be aware of these alternative possibilities, and many consider
them labor-intensive and difficult to finance.
Some external commercial actors have hired experienced farm
managers and workers from other regions where irrigated agricul-
ture of cash crops has been practiced before. These employees
know how to prepare a field, which seeds to use, and which pesti-
cides or fertilizers to apply at what time. Because of this, they can
be expected to use their inputs more effectively, compared to
farmers whose main information source is the retailer selling agro-
chemicals. The farm managers are also aware of the importance of
rotating crops, to prevent certain soil diseases or exhaustion of the
soil. Some of this knowledge does spread to other farmers, who are
grateful for any information they can get. As one Kisangesangeni
farmer put it: ‘We like them because they come and are like teach-
ers to us’. However, this feeling is not shared by all. In the same dis-
cussion, another farmer stated that ‘newcomers come, benefit from
our land and just leave us behind’.
7. Farmer typology

The previous sections describe how differentiated access to
land, water, technology, knowledge, inputs, markets and financial
capital interacts with the way a farmer organizes his/her agricul-
tural production. Based on access to land and water, the use of
labour and the level of commodification of inputs and outputs,
we distinguish between three classes of farmers: non-irrigators,
petty commodity producers and capitalist farmers. We define petty
commodity producers as irrigators who are (to varying extents)
integrated in input and output markets, yet primarily rely on fam-
ily labour (cf. Bernstein, 2010). We observe an ongoing process of
differentiation among these petty commodity producers in Kahe,
which is largely expressed in their (in-)ability to successfully grow
cash crops next to the traditional food crops such as maize and
beans. Among capitalist farmers, inputs, labor, land and outputs
are fully commodified. Most farmers in Kahe are petty commodity
producers, with only a few belonging to the class of (emerging)
capitalist farmers.

Below we discuss each class of farmers and their agricultural
practices, and highlight the different characteristics that might
explain why farmers belong to a certain category.
7.1. Non-irrigators

This first group exists of farmers that rely on rain-fed agricul-
ture and grow maize or maize and beans. They benefit primarily
from the increase in economic activity that has accompanied the
emergence of groundwater irrigation and the increased demand
for agricultural labor, with the questionnaire showing that 70% of
farmers in this category work as an agricultural day laborer next
to their farming activities.

While even non-irrigators benefit from the expansion in irri-
gated agriculture, they do not benefit to the same extent as those
irrigating. Differences in land size, wealth, gender, education level
and age have all been used to explain why some farmers invest in
(groundwater) irrigation while others do not (Namara,
Gebregziabher, & Giordano, 2013; Namara, Hope, Owusu,
Fraiture, & Owusu, 2014; Shah, Verma, & Pavelic, 2013). Based on
surveys done in Ethiopia and Ghana, Namara et al. (2013) con-
cluded that ‘adopters of water lifting technologies tend to be
richer, younger, predominantly male, and with higher levels of
education’. Shah et al. (2013) however, find no difference in age
or education level between those using a motor pump and those
who do not. They do see a difference in wealth, with irrigating
households having more assets. Both studies agree that female-
headed households are less likely to use motor pumps. In this case,
we also find that a smaller portion of female-headed households
(40%) uses a well and pump compared to male-headed households



Table 5
Average of land, wealth, education and age indicators for well irrigators and non-irrigators.

Well irrigator (n = 42) Non-irrigator (n = 49) t-value p-value

Total area farmed (ha) 1.2 0.9 �2.1882 0.0156*

HH possession index 17.9 16.1 �0.6934 0.2449
Housing index 7.1 6.6 �1.5703 0.0599
Education level 9.7 10.0 0.4064 0.3427
Age 46 50 1.1682 0.1229

* Significant at the 95% confidence level.

Table 6
Average of land, wealth, education and age indicators for food and food/cash crop
farmers.

Food crop emphasis Food and cash crop
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(47%). However, we did not see significant differences in education
level, age or in wealth (Table 5). For the latter, we used household
possessions and housing indices,4 with higher numbers indicating
wealthier farmers. Looking at the spatial distribution, resource avail-
ability does not seem to be a limiting factor either, as irrigators are
not clustered around certain areas and field observations proved
groundwater to be easily accessible throughout the village.

The only significant difference is the total area farmed, which is
larger for those using groundwater irrigation. Possibly, farmers
with larger farmed areas were able to generate the capital quicker
through agriculture in order to invest, with interviewees repeat-
edly mentioning that they delayed irrigation investments because
they were still saving money. Alternatively, those farming larger
landholdings can benefit more from a well, with a single pump
easily accommodating the irrigation of 1.2 ha, and are therefore
more motivated to invest. Larger land size has also been linked
to a greater access to credit (Eswaran & Kotwal, 1989), but in Kahe
farmers generally use households possessions or their house as col-
lateral, not arable land.

Even if wealth is not an explaining factor in why certain farmers
do or do not invest in irrigation, it would be expected that irriga-
tors score higher on the wealth indices as a result of their increased
and diversified production. This lack of significant differences can
be explained by the fact that 81% of well irrigators spent their gen-
erated income on food, health care and education, which do not
show up in these indicators. 42% of well irrigators also indicated
that they invested part of their income back into agriculture. Only
17% indicated to invest part of their profits in the construction of
their house. Previously mentioned challenges (price fluctuations,
relatively low yields, limited crop choice) also hamper wealth
accumulation by the irrigators.

The lack of difference between those using groundwater irriga-
tion and those who do not irrigate indicates that there might be
other underlying reasons, but it can also be a reflection of the fact
that pumps are a relatively recent technology. Many farmers
expressed that they first wanted to observe whether others bene-
fited, before investing themselves. The limitations described in the
previous sections cause well irrigators to not optimally benefit
from their new water security, which might deter other farmers
from following their example.

7.2. Petty commodity producers: food crop emphasis

The second category consists of irrigators who only farm subsis-
tence crops such as maize and beans, often supplemented with a
small kitchen garden. Among those Kahe residents irrigating with
a well, 35% belong to this category. The primary objective of these
farmers is food security, although they will sell parts of the harvest
to be able to afford school fees, house repairs, clothing and other
4 The housing index is based on the nature of the floor, walls, roof and windows of
the main building, with a maximum score of 11 and a minimum of 4. The household
possession index is based on the possessions of a single household, with different
weight given to different items. Most points (20) are given to a lorry or tractor, while
a solar torch gets the fewest (1). Mobile phones (2), electricity connections (8), and
tables (3) were the most common properties among respondents.
necessities. These farmers are not able to grow cash crops such
as tomatoes or vegetables, or they are unwilling to take the risk.
For some of them the major constraint is not having a pump, but
more often, they lack the capital for other inputs. This was reiter-
ated in most of the interviews, and confirmed by the question-
naire: This group of farmers has fewer household possessions
than those farmers able to grow cash crops (Table 6), indicating
lower levels of wealth.

The majority woman-headed households using wells fall into
this category (75%, compared to 35% of male-headed households),
due to lack of access to capital and less access to family labor. In a
focus group discussion with eight women farmers from Miwaleni,
out of whom four were part of a woman-headed household, the
difference became clear: out of four married women, one was
not able to grow more than maize; out of four widowed or unmar-
ried women, three were only growing maize. Although they agreed
that ‘you do not need a man, you need capital’, the two still seem to
be linked to some extent.

Farmers in this class are on average older than thosewhomanage
to grow cash crops as well. This might play into their willingness to
take a loan or to risk losing their investment when the crop or mar-
kets fail, with older farmers generally considered to take fewer risks
(Moscardi & de Janvry, 1977). As one Oria farmer put it: ‘We are
already old people, we should not take a huge loan and put our chil-
dren in problems’. Thosewhodo take a loan ask friends or neighbors,
with less riskof losing their property if theyare late topayback. They
rely primarily on family labor, and often work as laborers on others’
farms if they are able. These farmers are the most likely to rent out
their land outside of the rainy season, because this easier and more
beneficial than farming it themselves.

It is difficult to predict the trajectory these farmers will follow.
Some of them, mostly the younger farmers, might start growing
some vegetables on the side, and accumulate capital to expand
this. However, their situation is delicate, and one bad harvest of
cash crops could set them back again. Others will continue to do
subsistence farming, possibly in combination with paid farm labor.
There are no indications that these people will sell their land,
although it is unsure what will happen if prices continue to rise.
7.3. Petty commodity producers: food and cash crops

The third group includes farmers who are still focused on pro-
ducing their own food, but manage to grow some crops for sale
(n = 16) (n = 25)

Total area farmed (ha) 1.0 1.2
HH possession index 13.9 20.0
Housing index 6.8 7.2
Education level 10 10
Age 52 43



24 C. de Bont et al. /World Development 116 (2019) 15–27
on the side. They make up 65% of Kahe residents irrigating from a
well using a motor pump. They are generally younger, male and
wealthier than those not farming cash crops (Table 6). The higher
level of wealth can be both a cause and an effect of the cultivation
of higher value crops. However, as Table 4 shows, returns are
uncertain, and the cultivation of cash crops is a relatively new phe-
nomenon. We would therefore argue that the wealth most likely
predates the choice to cultivate cash crops alongside food crops,
and that richer and younger households are more likely to engage
with cash crop cultivation. The farmers in this class grow maize
intercropped with tomatoes or cultivate a variety of vegetables
on a small area. They use fewer inputs than commercial farmers,
and at times, their crop may fail completely, but they are taking
a risk in order to have a chance at higher returns. They sell some
of their crops to intermediaries or to people in the village and
use the rest for home consumption. They employ people to help
with weeding, planting and harvesting, but often still also work
as laborers on others’ farms. These farmers might go back to focus-
ing on food crops in case of setbacks, such as sudden expenses, a
reduction in available labor, or the breakdown of a pump. How-
ever, most continue to grow high value crops alongside their sub-
sistence crops. It is unlikely that they will shift to growing cash
crops only, as food security remains a priority and the constraints
mentioned in earlier sections continue to limit their capacity to
benefit optimally from the irrigation technology.

7.4. Capitalist farmers

The farmers in this fourth category focus on the commercial
cultivation of tomatoes, onions and other horticultural crops.
While a few farmers in this category are Kahe residents, the far
majority of capitalist farmers are external actors who have gone
into farming as yet another business. One of them sells phone
accessories, another has a hardware shop, but all of them have seen
the financial potential of commercial farming in Kahe. They came
to the area because of water security and readily available land
(none of them has had a problem finding land to rent). At the same
time, the market for fresh vegetables, tomatoes and onions has
been growing in both Tanzanian and Kenyan cities. These people
rent land, or on rare occasion buy it, and employ farm manageres
and laborers to take care of the crops. They do not provide labor
themselves. Many hire experienced managers, who know how to
farm high value crops. They all supply the inputs needed to farm,
and pay the workers a salary. Some share the crops in case of a
good harvest. Besides their normal employees, they also hire day
laborers during field preparation, planting and harvest. Harvested
crops are sold in Dar es Salaam, Mombasa and Moshi.

These farmers are part of an emerging trend in Tanzania, which
sees middleclass Tanzanians engaging in high input, commercial
farming by acquiring land in prime rural areas without residing
there. A sales representative of Balton Tanzania, a supplier of agri-
cultural inputs and equipment, aptly named these people ‘tele-
phone farmers’, for their tendency to manage their farm from
afar. This lack of attachment to the land makes them an uncertain
factor in the area. As most are renters, they will only stay as long as
farming is economically interesting. A reduction in profits will
probably cause them to leave the area and farming altogether.
However, if farming proves to be a profitable and stable source
of income, pressure on land will rise even further.

The residential farmers in this category often have additional
land elsewhere, mostly in rice farming areas, or have other sources
of non-agricultural income. This allows them to set up the capital-
intensive cultivation of onions and or tomatoes. They own the land
they are farming on, which is generally larger than the landhold-
ings of the previous groups. Next to their own labor, they employ
workers for farming activities, and use inputs as required. They
are relying on intermediaries for the sale of their crops, and often
still grow some maize in the rainy season as a source of food. As
mentioned before, the residential farmers in this category are
few. They are included here to illustrate the difference additional
capital can have for farmers residing in the area and to stress the
difference between them and the external farmers. With their
long-term interests and regular presence in the area, residential
capitalist farmers are more likely to engage in groundwater man-
agement initiatives and to care about land and water quality. They
are unlikely to stop growing their own food alongside their cash
crops, although they might expand their planted area. They will
probably also not become petty commodity producers, although
a catastrophic event (drying up of wells, pests and diseases, col-
lapse of the markets) might cause them to do so.
8. Local authorities’ responses

Shallow well irrigation has not received any external support
from government or NGOs. Not a single interviewee mentioned
an initiative to promote, improve or sustain irrigated farming
through wells. One farmer went as far as to say ‘government
should take care of small farmers so they can go ahead, instead
they suppress them’. The general attitude of local government
authorities however, does not seem to be one of suppression. In
fact, local government employees largely ignore irrigation in Kahe,
unless it is brought to their attention by water conflict or desig-
nated projects.

Firstly, nobody so far has actively attempted to regulate the
construction or use of wells for irrigation, nor have they sought
to support or promote them. In 2014, a water user association
(WUA) was set up for the Miwaleni spring by the PBWO. This
WUA is one of the most recent in an ongoing project to delegate
some of the responsibilities (e.g. conflict resolution, water alloca-
tion and fee collection) of the PBWO to local water users
(Komakech & van der Zaag, 2013). While eventually all of the Pan-
gani Basin should be covered by WUAs, the procedure of setting up
a WUA is primarily initiated when conflicts in an area intensify. In
the case of the Miwaleni WUA, its origin lies in conflicts about the
allocation of diverted spring water between the sugar estate TPC
and downstream rice farmers. Groundwater use is mentioned in
the constitution of the WUA however, and the WUA board is
expected to make an inventory of all wells in the area. As of
now, there are no plans for this though, and only those who have
wells deeper than 15 m are supposed to pay fees in future, which
excludes most farmers in the area. The PBWO also does not see
the Kahe groundwater irrigators as one of the main water user
groups in the area. Stating that ‘they only use water for three
months per year, mostly during the dry season’, the principal tech-
nician of the PBWO dismissed the impact of this kind of irrigation
on the water resources. In spite of this, the mentioning of fees has
stirred up some unrest among farmers. They are refusing to pay,
saying that they dug the well without help from anyone but God,
and therefore do not owe anyone.

Secondly, the zonal irrigation unit, the main government body
dealing with the implementation of irrigation development pro-
jects, does not know of the existence of shallow wells for irrigation,
in spite of working on canal systems in the same ward. In fact, the
idea that smallholders use groundwater for irrigation seems
impossible to one of the principal engineers: ‘farmers always ask
for surface water, unless you recommend [otherwise]’. He further
elaborated that if groundwater is used for smallholder farming, it
should be for horticultural crops and in combination with drip irri-
gation in order to be cost effective. The two examples he gives of
such irrigation, are a drip irrigation project in Kahe implemented
by a private company and a similar project in Mwanga district as
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part of the district agricultural development plan. In both cases, the
project initially failed, and inferior driplines had to be replaced. In
spite of these experiences, a new drip project is planned in
Kisangesangeni village in Kahe, even though a previous pilot plot
in the village was quickly abandoned and water shortage is no
longer a major concern due to the use of groundwater. The drip
project is part of the ‘Adaptation for Ecosystem Resilience in Africa’
project, which is meant to disseminate the research results of the
‘Climate Change Impacts on Ecosystem Services and Food Security
in Eastern Africa’ research project that ran from 2011 to 2015. The
drip irrigation project will be funded by the ministry of foreign
affairs of Finland.

These three drip irrigation projects uncover some of the mech-
anisms of irrigation funding: external funding by an international
company or organization, or government funding through the dis-
trict development plans. The ZIU also has the ability to request the
government for funds for a specific project directly, but this
amount is limited. The other two are the primary sources of
money, where others select the cases and the type of intervention,
and the ZIU aids in design and implementation.

This indifference of local authorities can partly be seen as in line
with the national irrigation policies in which this kind of farmer-
led irrigation development is not captured, and therefore locally
ignored. Nationally, groundwater is primarily seen as a resource
for large-scale users, while smallholders are expected to use sur-
face water (Komakech & de Bont, 2018). For the ZIU, there is simply
no funding or projects directed at shallow well irrigation by indi-
vidual farmers, and therefore it does not feature in their activities.
Similarly, the idea that farmer-led irrigation development can sup-
port productive (commercial) agriculture does not feature in either
the national policies or the ZIU’s attitude towards irrigation. How-
ever, where the policies explicitly condemn farmer-led irrigation
development without formal permits for construction and water
use, this is not equally important to the PBWO, the ZIU or district
authorities. All have a more pragmatic approach, in which these
developments are condoned as long as they do not result in con-
flicts. The zonal irrigation officer even went as far as to explicitly
show his appreciation for farmer-led development: ‘In Moshi, peo-
ple are active, they are not waiting for the government. People are
very clever, if they see you are doing something and you are ben-
efiting, they will copy it.’
9. Conclusion

Farmers’ irrigation initiatives per definition lead to traditional
irrigation, according to Tanzanian policy. As the opposite of mod-
ern irrigation, the policies define traditional irrigation as
unplanned, chaotic, unorderly and geared towards subsistence
farming. Traditional irrigation is portrayed as an unlikely basis
for commercial agriculture, while being contrasted with ‘large
scale commercial irrigated farms’, which are seen as the ultimate
example of modernity. The requirements for obtaining a permit
for irrigation development show a strong bias towards formal engi-
neering practices (bill of quantities, design drawings, environmen-
tal impact assessment) as the best way to achieve ‘good’ (and
modern) irrigation (URT, 2013).

From this understanding of Tanzanian irrigation policy and law,
we see two main criteria for the categorization of irrigation as
modern or traditional: 1. the process of irrigation development,
and 2. the performance of the system. When looking at irrigation
development in Kahe in detail, it becomes clear that it is impossi-
ble to fit it into either the policy category of modern or traditional
irrigation.

The type of irrigation development we highlighted in this paper
is initiated by farmers, and had no government intervention to ‘im-
prove’ it, or make it ‘modern’. The development might be rather
haphazard and unorderly from a government’s perspective, as no
permits were obtained for either digging the wells or using the
water. For farmers on the other hand, these were, and are, inten-
tional and planned investments. There were no design plans before
digging the wells, and no groundwater surveys to estimate
recharge or sustainable yields. Locations of wells are decided upon
based on convenience, and at times on landscape features such as
the presence of trees or depressions. There have been innovations
to the design of the well (such as the chamber), which do follow
the logics of formal engineering. Similarly, the technology of
motorized water pumps is typically ‘modern’.

Based on the processes of development and the technology
used, this system would largely fall within the policy category ‘tra-
ditional irrigation’, with pumping technologies as the only diverg-
ing element. However, when turning to the matter of performance,
it becomes more complicated.

The ‘low performance’ mentioned by the National Irrigation Pol-
icy (p. 7) is not explicitly defined, but is elsewhere elaborated upon
to include ‘watermanagement, water use efficiency and crop yields’
(p. 8). We argue that performance should also be related to how the
irrigation system contributes to the national objective of ‘enhanced
crop production, productivity and profitability that will contribute
to food security and poverty reduction’ (URT, 2010, p. 13).

Starting with crop yields, the National Irrigation Policy states
that in traditional irrigation schemes these ‘are typically in the
range of 0.8–1.0 t/ha (. . .) for maize’ (URT, 2010, p. 7). In Kahe, this
was similar in the year floods destroyed most of the crops, but the
2015 reported maize yields were 1.2 t/ha-4.9 t/ha, and typically
2.2 t/ha. The diversity is explained by varying levels of inputs
(seeds, fertilizer), rather than by water availability only. The link
between farmer-led/’traditional’ irrigation and low-input/low-
output subsistence agriculture clearly does not hold true here. Fur-
thermore, the smallholder farmers prevalent in many irrigation
and agricultural policies prove not to be a uniform group, but
rather to comprise a variety of classes of agriculturalists, all engag-
ing with, and benefiting from, irrigation differently. The same irri-
gation technologies supporting maize cultivation also enable the
production of high value crops such as onions and tomatoes. The
access to financial capital and the willingness and ability to take
risks largely define the ability of farmers to engage with the pro-
duction of high value crops, as the costs of inputs are high and
returns are not secure. This shows that the link between a certain
irrigation technology and a specific kind of agriculture is weak at
best.

When looking beyond crop yields to the wider contribution of
farmer-led irrigation development in Kahe, it is clear that wells
have reduced food insecurity for individual farmers and contribute
to food security for the region at large. In addition, the increased
agricultural activity has created opportunities for a wide range of
people: farmers, casual laborers, motorbike operators, mechanics,
well diggers, intermediaries, sellers of agrochemicals and pumps,
etc. This increased economic activity has turned Kahe from a dry,
peripheral place into an economic center, which is even attracting
attention from local newspapers for its agricultural potential
(Citizen, 2015). As such, well irrigation in Kahe is contributing
exactly to those goals set by the national government and may
be considered modern.

This is partially recognized at the local level, where farmer-led
irrigation development is not criminalized as it is in the 2013
National Irrigation Act. Rather, local authorities such as the PBWO
and the ZIU have a more pragmatic approach in which they con-
done farmer-led irrigation development as long as it does not cre-
ate conflict. However, developments such as in Kahe can never
receive support from government until they are recognized at
the policy level.
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It should be recognized that unregulated groundwater irriga-
tion has led to issues of overexploitation, environmental degrada-
tion, unequal access and dispossession of smallholder farmers
elsewhere in the world (Hoogesteger & Wester, 2015). Studying a
case similar to Kahe, Ameur, Kuper, Lejars, and Dugué (2017)
describe how well-endowed farmers in Morocco successfully man-
aged to grow high value crops, while their groundwater exploita-
tion further marginalized poor family farmers. The case has
many parallels with the case described in this paper, yet differs
in crucial aspects, which prevent smallholder farmers in Kahe from
being dispossessed, marginalized or pushed out of groundwater
agriculture. First, the groundwater is shallow and annually
recharged by rainfall on Mount Kilimanjaro, rather than being
stored in deep aquifers. The large recharge area and the relatively
small abstraction rates, mean that there are no dropping ground-
water levels requiring an investment in deep(er) tube wells or lar-
ger pumps. Secondly, land cannot be used as collateral for loans,
unlike in the Moroccan case. This reduces access to financial capital
for smallholders, but also reduces the risk of defaulting on a loan
and losing land. Thirdly, land ownership is relatively equal among
residents, with no large landowners, and farmers are unwilling to
sell their land or even rent it out during the rainy period. These ele-
ments together mean that although smallholder farmers in Kahe
do not benefit to the same extent, they are also not marginalized
by the success of the incoming capitalist farmers. These two con-
trasting cases emphasize again that any type of irrigation should
be judged on its actual impacts, rather than be condemned on
the basis of the technology or water source used.

In conclusion, the prevalent ‘traditional’ and ‘modern’ irrigation
categories in current Tanzanian irrigation policies do not do justice
to the diversity between and within agricultural systems relying
on farmer-led irrigation development. This oversimplification is
problematic, because it criminalizes farmers’ irrigation initiatives
that are in fact contributing to national goals of food security and
rural development. In addition, the categorization is influencing
the practices of local authorities concerned with irrigation through
a lack of policy and funding for developments that do not match
either of the two imagined types of irrigation. The diversity in agri-
cultural practices among well irrigators shows that groundwater
and lift technologies do not necessarily lead to commercialized
or diversified agriculture in SSA, and that support in the form of
credit, marketing and extension services is necessary to make all
farmers benefit optimally from their increased water security.
After establishing the benefits of groundwater irrigation, scholars
should now turn to examine the differences among irrigators using
the same technology, in order to further examine the different
challenges various classes of farmers are facing.

The findings on the diversity in agricultural practices presented
in this paper are not unique to groundwater irrigation but are
likely to be true for other forms of farmer-led irrigation develop-
ment. Therefore, instead of focusing on the traditional and modern
dichotomy (or other narrow irrigation categories) when engaging
with farmer-led development, governments should put emphasis
on identifying different farmer typologies within irrigated areas,
in order to offer support that will allow a larger share of house-
holds to optimally benefit from irrigation possibilities and to con-
tribute to alleviating poverty and increasing food security.
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