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ABSTRACT
This study was about economics of small scale irrigation schemes funded by TASAF. The
study was conducted at the Mkindo irrigation scheme in Mvomero District, Morogoro.
The main objective of the study was to analyze the economic viability and determine the
impact of the irrigation scheme on household income and food security. Specifically
study: (i) analyzed the economic viability of the irrigation scheme; (ii) determined the
impact of the irrigation scheme on household income and income distribution and (iii)
determined the impact of the irrigation scheme on household food security. Data were
collected using structured questionnaires administered to random samples of 80
households practicing irrigation at Mkindo and 80 households depending on rainfed
agriculture at Dakawa. Cost Benefit analysis and with and without approaches were
employed to determine economic viability and impact respectively. The calculated NPV,
BCR and IRR values were TZS 2 396 687 745, 5.56 and 16.0% respectively. The average
household income for irrigators was significantly (p<0.005) higher than that of non
irrigators. The Gini coefficients for irrigators and non-irrigators were found to be 0.386
and 0.496 respectively. Amount of food consumed or stored from own produced food by
irrigators was not significant (p>0.005), compared to non irrigators, the number of month
which a household was able to feed themselves from own produced food was significantly
(p<0.005) higher for irrigators than non irrigators and irrigators households were having
significantly (p<0.005) more meals per day than non- irrigators. The regression results
indicate that irrigation practice to be one of the factors significantly affects crop yield
positively. These suggest that it is worthwhile for the government and development
partners to support small scale irrigation schemes in the country. However the support
should be accompanied by promoting use of fertilizers because they complement each
other.
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CHAPTER ONE
INTRODUCTION
1.1 Background Information
The last century has seen unprecedented growth in irrigation projects on a global level,
but much of this growth has been in the developing countries, including Tanzania. In
Tanzania, the government has taken several measures to ensure the development of
irrigation schemes. These measures include the formulation of the National Irrigation
Policy of 2009 and National Irrigation Master Plan (NIMP) of 2002. The National
Irrigation Policy of 2009 considers irrigation development in Tanzania to be critically
important in ensuring that the nation attains a reliable and sustainable crop production and
productivity as a move towards food security and poverty reduction.

These measures have been accompanied by government investments in irrigation projects
through government budget and support from various development partners, including the
World Bank, UNDP, FAO, JICA, IFAD, AfDB and others. These investments have
contributed to the expansion of irrigated land which has increased from 0.264 million ha
in 2006 to 0.370 million ha in 2010 (MOFEA, 2010). It is envisaged that the area under
irrigation will increase from 0.370 million ha in 2010 to 1 million ha by 2015 (MOFEA,
2010).

However, most of these irrigation schemes have been established without

thorough analysis of their economic viability. There are costs associated with irrigation
projects and expansion of irrigation which need to be weighed against the benefits. The
benefits and costs of irrigation vary with the scale of the irrigation scheme and
management of the resources that have accompanied its development.

This study is concerned with the analysis of economic viability and the impact of smallscale irrigation projects supported by the World Bank through the Tanzania Social Action
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Fund (TASAF). TASAF was established by the government of Tanzania in 2000, with a
funding facility that allows local and village governments to respond to community
demands for interventions that will contribute to the attainment of specific Millennium
Development Goals. Towards this endeavor, TASAF contributes to achieving the goals of
Tanzania poverty reduction strategy (MKUKUTA I and II). TASAF has been
implemented in phases. The first phase (TASAF-I) was implemented in 40 districts (local
government authorities) in Tanzania Mainland as well as in Zanzibar since 2000 and
ended in December 2004. It was financed by the World Bank, Tanzanian Government and
community contributions. The second phase which commenced in 2005 covered all the
districts (local government authorities) in Tanzania and ended in 2010. TASAF is now in
the third phase (TASAF III) which started in 2011 and will end in 2015. This Phase is
funded by the World Bank and other Development Partners (DP), including the
Department for International Development (DFID) and World Food Program (WFP).
Almost all the regions in the country have received some funds for irrigation schemes
from TASAF. Mkindo irrigation scheme in Mvomero District is one of the small-scale
irrigation schemes in Morogoro region which have been rehabilitated using funds from
TASAF.

1.2 Statement of the Problem and Justification
As already pointed out, the importance of expanding irrigation cannot be overemphasized
especially in areas where rainfall is increasingly becoming unreliable. Irrigation has the
potential of allowing double cropping, decreasing the uncertainty of water supplied by
rainfall, increasing the yields on the existing cropland and eventually, improving and
ensuring food security and reliable income from agriculture. To justify investments in
irrigation, the costs associated with irrigation need to be weighed against the benefits. The
costs associated with irrigation will vary with the scale and management of the irrigation
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scheme. TASAF has supported investments in small-scale irrigation schemes in several
parts of Tanzania on grounds of improving the welfare of rural people. However, there is
scanty information on the economic viability and the impact of irrigation schemes on the
welfare of smallholder farmers in Tanzania. Studies on economic viability include studies
by Kabbiri et al. (2008); Denis (2008) and Germana (1993) who analyzed the economic
viability of different technologies used by small farmers in farming activities in Tanzania.
With regard to the impact of irrigation, Shitundu and Luvanga (1998); Cosmas and
Tamilwai (2005); Mkavidanda and Kaswamila (2001) and Kadigi et al. (2003) have
analyzed the impact of irrigation technology on food security and household income.
Besides the scale of irrigation scheme, the economic viability and the impact of irrigation
will likely vary from one location to another. Thus there is need for location specific
studies on viability and the impact of irrigation on welfare of smallholder farmers. The
study analyzed the economic viability and the impact of Mkindo irrigation smallholder
scheme on household income and food security. The Mkindo smallholder irrigation
scheme is found in the Mkindo Watershed in the Wami River Basin. The irrigation
scheme was initiated by government of Tanzania in collaboration with JICA in 1984.

1.3 Objective of the Study
The general objective of the study was to analyze the economic viability and determine
the impact of Mkindo irrigation scheme on household income and food security.

1.3.1 Specific objectives of the study
(i)

To analyze the economic viability of Mkindo irrigation scheme in Mvomero
district,

(ii)

To determine the impact of irrigation on household income and income on
distribution, and
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(iii)

To determine the impact of irrigation on household food security.

1.4 Research Hypotheses
(i)

Investments in smallholder irrigation projects/schemes are not economically
viable.

(ii)

Investments in smallholder irrigation projects/schemes have no positive impact on
household income and income distribution.

(iii)

Investments in smallholder irrigation projects/schemes have no positive impact
household food security.

1.5 Organization of Dissertation
This study is organized into five chapters including this chapter which presents the
background information, problem statements, general objective, specific objectives and
research hypotheses. The second chapter reviews literature relevant to the study while the
third chapter presents the methodologies used to assess the extent to which the study
hypotheses hold. Chapter four presents and discusses the findings of the study while the
last chapter presents conclusions and recommendations based on the major findings of the
study.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Measuring Economic Viability of Investments/Projects
Various methods ranging from discounting to non-discounting methods are used to
analyze the economic viability of investment projects. Discounting measures include costbenefit ratio, net present value and internal rate of return, while non-discounting measures
include payback period, rate of return, contingent valuation, Hedonic Pricing Method,
Travel Cost Method, Production Factor Method and Averting Behavior Method
(Hoevenagel, 1994).

Discounting measures of project’s worthiness such as cost-benefit ratio, net present value
and internal rate of return explicitly take into account the time value of money, based on
the economic fact that money today is worth more than a promise of money in the future.
Cost-benefit analysis (CBA) is a discounting measure of project worthiness which
originated in the USA in 1936 and has become a world-wide tool to evaluate choices
between alternative projects in decision making (Pearce et al., 1993). Traditionally, it is
associated with government interventions and the evaluation of public policies and
projects (Zerbe and Dively, 1994). It is an assessment method that quantifies the monetary
value of all policy or project consequences for the society in which the program is being
run (Boardman et al., 2001). It is particularly useful when a choice has to be made out of
several projects (selection), and when the project involves a stream of benefits and costs
over time.

Despite being useful, erroneous cost-benefit analysis can result into wrong investment
decisions. Arrow et al. (1996) points out the advantages and limitations of cost-benefit
analysis. Cost-benefit analysis can be dangerous if taken literally on large issues, and on
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large timescales. This is because some of the largest items, such as water resources and
their services are difficult to price. Cost-benefit analysis based on pricing of costs and
pricing of benefits: each given a money value, and then costs and benefits are compared.
If there is net loss, then one turns the project down. Otherwise one accepts it. The prices
usually come from the markets but some of the most important environmental assets have
no market prices (Chichilnisky, 1996b). The problem is serious because errors in prices
can radically change the results: a project can turn from positive to negative, when the
wrong prices are applied. When property rights are ill-defined, as they are for the most
important environmental assets such as water and the atmosphere, prices can be highly
inaccurate (Chichilnisky, 1994). Therefore, it is very important to make sure that, price
are determined accurately in all cost-benefit analyses of projects involving some of the
most important environmental resources known to humankind.

Another problem that emerges in doing cost-benefit analysis of projects across a long
period of time is the issue of discount factor. Anything discounted at a rate of 3-6 per cent
becomes meaningless after 50-100 years, i.e. the economic income of the entire planet
shrinks down to the value of a car when so discounted (Chichilnisky, 1997). Yet some of
the most important environmental problems-risks like nuclear power plants, global
warming and biodiversity destruction-are only meaningful over such a timescale. Arrows
et al. ( 1996) reported that, “Both economic efficiency and intergenerational equity
require that benefits and costs experienced in future years be given less weight in
decision-making than those experienced today”. This statement could be dangerous if
taken literally; definitely it can be said to be plainly wrong. As an economist would wish
to be eligible what is said here, and correct for the wrong inferences that can be drawn
from this testimonial by thinking of cases where it holds true. Discounting the future is
neither necessary nor sufficient for efficiency and intergenerational equity. All this could
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be taken into account when doing cost-benefit analysis. Therefore, policy-makers and
researchers should take into account those uncertainties.

Cost- benefit method uses tools like net present value (NPV) and Internal Rate of Return
(IRR) to evaluate the public project and policy. NPV of a time series of cash flows, both
incoming and outgoing, is defined as the sum of the present values (PVs) of the project
cash flows. NPV is a central tool in discounted cash flow analysis, and it is a standard
method for using the time value of money to appraise long-term projects. Used for capital
budgeting, and widely throughout economics, finance, and accounting, it measures the
excess or shortfall of cash flows, in present value terms, once financing charges are met
(Lin et al., 2000).

The weaknesses of NPV are that, it is very sensitive to the discount rate: a small change in
the discount rate causes a large change in the NPV. As the estimate of the suitable
discount rate is doubtful, this makes NPV numbers much undecided. Also NPV often
relies on uncertain forecasts of future cash flows. The magnitude of this problem
obviously depends on how uncertain the forecasts are. One solution to both problems is to
calculate a range of NPV numbers using different discount rates and forecasts, so that one
can generate, for example, best, worst and median NPV numbers, or even a probability
distribution for the NPV (Lin et al., 2000).

The IRR is a rate of return used in capital budgeting to measure and compare the
profitability of investments. In the context of savings and loans, the IRR is also called the
effective interest rate. The term internal refers to the fact that its calculation does not
incorporate environmental factors (e.g., the interest rate or inflation) (Bierman, 1986).
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In many situations, the IRR procedure will lead to the same decision as the NPV
procedure, but there are also times when the IRR may lead to different decisions from
those obtained by using the net present value procedure. When the two methods lead to
different decisions, the NPV method tends to give better decisions. It is sometimes
possible to use the IRR method in such a way that it gives the same results as the NPV
method. For this to occur, it is necessary that the rate of discount at which it is appropriate
to discount future cash proceeds be the same for all future years. If the appropriate rate of
interest varies from year to year, then the two procedures may not give identical answers.
It is easy to use the NPV method correctly, but it is much more difficult to use the IRR
method correctly (Bierman, 1986).

Despite the disadvantages, the method has been used in many development projects,
especially in developing countries like Tanzania. Kabbiri et al. (2008); Denis (2008);
Balkema et al. (2010); EAC (2010); Brenters and Henny (2002); Akyoo and Lazaro
(2008) and Germana (1993) have used cost-benefit analysis methods to analyse the
economic viability of different projects in Tanzania and Kenya. This shows that, the
method is very powerful in appraisal of development projects despite its weakness.

Unlike the discounting measures, non-discounting measures of project worthiness do not
explicitly consider the time value of money. In other words, each dollar earned in the
future is assumed to have the same value as each dollar that was invested many years
earlier. The payback period, accounting rate of return or return on investment are two
examples of methods used in capital budgeting that do not involve discounting future cash
amounts (Averkamp, 2011).
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The Contingent Valuation Method (CVM) technique is a non-discounting hypotheticaldirect valuation technique requiring the active involvement of respondents (Awad et al.,
2010). This method can be used to evaluate the policy option on the natural resource
which can’t be evaluated by pricing mechanism. The CVM develops a framework of a
hypothetical market used to elicit valuations for environmental and/or public goods
preference, expressed in terms of Willingness to Pay (WTP). It mainly asks people what
they are willing to pay for a benefit. The technique has great flexibility that can allow
valuation of a wider variety of non-market goods and services than all the indirect
valuation techniques. In the meantime, the CV technique is the only approach available
for estimating non-use values (Mitchell and Carson, 1989; and McConnell and Haab,
2003).

However, the method has some weaknesses. First, it does not produce valid measurements
when it concerns the goods that people are not used to, and when people reject
responsibility for the goods in question. If people are asked, for example, about their
willingness to pay for clean soil, they may state that it is zero, because they feel the
polluter should pay. Puttaswamaiah (2002); Hoevenagel (1994); Wierstra et al. (1996)
indicate that CVM works best where it is least needed. It does not provide valid estimates
when people are unfamiliar and inexperienced with the goods. Validity may be a problem,
since it is very difficult to describe a natural good in such a way that all its attributes are
accounted for. Puttaswamaiah (2002) observe that CVM works best for those goods
resembling ordinary commodities which means that it is best suited for valuing
consumption goods that people consume more as their income increases.

Also when goods are not easily commoditized, as in choices concerning entire
ecosystems, CVM results are doubtful. Supporters of this argument believe that an

10

environmental good has several properties and that compressing the values of these
attributes into a single metric (such as willingness to pay) leads to an information loss.
The same argument is, however, also relevant to private goods, but in that case, people
seem to accept their prices as their true value. The idea behind this is that people have
experience in valuing and making trade-offs for attributes of private goods, whereas they
do not have any experience in valuing environmental goods. In fact, they may not even be
aware of all the attributes. This situation makes people liable to construct their values
heuristically on the basis of the information provided by the elicitation setting (Vatn and
Bromley, 1994).

In spite of the criticisms, considerable research has established the CVM as a sound
technique for estimating values for public policy decisions. Some examples of these
studies are by Rendall et al. (1974); Bishop and Heberlein (1979); Bishop et al. (1983);
Seller et al. (1986); Cameron and James, (1987); Bowker and Stoll (1988); Cameron,
(1988); McConnel (1990); Balderas and Laarrnan (1990); Donaldson et al. (1997); Rollins
(1997); Rayn (1997); Willis and Powe (1998); Hayes and Hayes (1999); Carlson and
Johansson (2000); Shackley and Dixon (2000); Loomis et al. (2000) and Scarpa (2000);
Anastasios (2006) and Bamidele et al. (2010). These researchers have used this method to
analyse the economic viability of irrigation projects.

The choice between discounting and non-discounting measures of project worthiness
depends on the nature of investment/project to be evaluated. For projects like irrigation,
that take a long time period for the benefits to return the investments, discounting
measures are used because of the time value of money. Therefore, based on this theory,
the study used Cost-benefit approach. NPV, BCR and IRR were used to analyse the
economic viability of Mkindo irrigation scheme.
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2.2 Approaches and Methods for Measuring Impact of Investments/Projects
Economic impact analysis examines the effect of a policy, program, project, activity or
event on the economy of a given area. Economic impact is usually measured in terms of
changes in economic growth and associated changes in livelihoods improvement. The
proper analysis of the impact requires a counterfactual or before and after situation of
what those outcomes would have been in the absence of the intervention (World Bank,
2006). Haile (2008) argues that, “impact assessment of any development intervention is a
methodologically difficult and complex task to undertake”. Ravallion (2005) and Baker,
(2000) suggest that no single method should dominate the impact evaluation of any
development project, but instead rigorous impact evaluations should be open-minded in
the choice of methodology. According to Baker (2000) the most important thing in impact
evaluations is to derive robust and meaningful close proxies or indicative estimates that
are comparable between and within individuals or groups, based on the aims of a
particular development intervention so that, they can examines it impact to the given area.

To achieve the process of deriving close and meaningful proxies or indicative estimates
that can be compared between and within groups, two approaches namely, before and
after or with and without experimental design are used (Ravallion 2005; Johnson et al.,
2003 and Baker 2000). In order to determine the counterfactual, it is necessary to net out
the effect of the interventions from other factors. This is accomplished through the use of
comparison or control groups; those who do not participate in a program or receive
benefits, which are afterward compared to the treatment group or individuals who
received the intervention. Control groups are selected randomly from the same population
as the program participants, whereas the comparison group is more simply the group that
does not receive the program under investigation. Both the comparison and control group
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should resemble the treatment group in every way, with the only difference between them
being program participation (Baker, 2000).

Determining the counterfactual is at the core of evaluation design (Baker, 2000). This can
be accomplished using several methodologies which fall into two broad categories,
experimental designs (randomized), and quasi experimental designs (none randomized).
According to Baker (2000), it is, however, quite tricky to net out the program impact from
the counterfactual conditions which can be affected by history, selection bias, and
contamination. Qualitative and participatory methods can also be used to assess the
impact, with these techniques often providing critical insights into beneficiaries’
perspectives, the value of programs to beneficiaries, the processes which may have
affected outcomes, and a deeper interpretation of the results observed in quantitative
analysis. The strengths and weaknesses of each of these methods are discussed in more
detail below.

Experimental designs, also known as randomization, are generally considered the most
robust of the evaluation methodologies (Baker, 2000). By randomly allocating the
intervention among eligible beneficiaries, the assignment process itself creates
comparable treatment and control groups that are statistically equivalent to one another,
given appropriate sample sizes.

While experimental designs are considered the optimum approach to estimating the
project impact, in practice there are several problems. First, randomization may be
unethical due to the denial of benefits or services to otherwise eligible members of the
population for the purposes of the study. An extreme example would be the denial of
medical treatment which can turn out to be life-saving to some members of the
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population. Second, it can be politically difficult to provide an intervention to one group
and not another. Third, the scope of the program may mean that there are no nontreatment groups such as with a project or policy change that is broad in scope. Examples
include an adjustment loan, or programs administered at a national level. Fourth,
individuals in control groups may change certain identifying characteristics during the
experiment which could invalidate or contaminate the results. If, for example, people
move in and out of a project area, they may move in and out of the treatment or control
group. Alternatively people who were denied a program benefit may seek it through
alternative sources, or those being offered a program may not take up the intervention.
Fifth, it may be difficult to be assured that the assignment is truly random. An example of
this might be administrators who exclude high risk applicants to achieve better results.
And finally, experimental designs can be expensive and time-consuming in certain
situations, particularly in the collection of new data (Baker, 2000).

Baker (2000) argues that, “with careful planning, some of these problems can be
addressed in the implementation of experimental designs”. One way is with the random
selection of beneficiaries. This can be used to provide both a politically-transparent
allocation mechanism and the basis of a sound evaluation design, as budget or information
constraints often make it impossible to accurately identify and reach the most eligible
beneficiaries. A second way is bringing control groups into the program at a later stage,
once the evaluation has been designed and initiated. Using this technique, the random
selection determines when the eligible beneficiary receives the program, not if they
receive it. Finally, randomization can be applied within a sub-set of equally-eligible
beneficiaries, while reaching all of the most eligible and denying benefits to the least
eligible (Pradhan et al., 1998). However, if this latter suggestion is implemented, one must
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keep in mind that the results produced from the evaluation will only be applicable to the
group from which the randomly-generated sample was selected.

If it is not possible to construct treatment and comparison groups through experimental
design, quasi-experimental (non-random) methods can be used to carry out an impact
analysis. These techniques generate comparison groups which resemble the treatment
group, at least in observed distinctiveness, through econometric methodologies which
include: matching methods, double difference methods, instrumental variables methods,
and reflexive comparisons. Using these techniques, the treatment and comparison groups
are usually selected after the intervention using non-random methods. Therefore,
statistical controls must be applied to address the differences between the treatment and
comparison groups and/or sophisticated matching techniques must be used to construct a
comparison group that is as similar as possible to the treatment group. In some cases, a
comparison group is also chosen before the treatment though the selection is not
randomized (Baker, 2000).

According to Baker (2000), the main benefit of quasi-experimental designs is that they
can draw on the existing data sources and are thus often quicker and cheaper to
implement, and can be performed after a program has been implemented, given sufficient
existing data. The principal disadvantages of quasi-experimental techniques are as
follows:
i)

The reliability of the results is often reduced as the methodology is less robust
statistically;

ii)

The methods can be statistically complex; statistical complexity requires
considerable expertise in the design of the evaluation, analysis and interpretation
of the results.
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iii)

There is a problem of selection bias. When generating a comparison group rather
than randomly assigning one, there are many factors which can affect the
reliability of results (Greene, 1997).

Besides quantitative techniques, qualitative techniques are also used for carrying out
impact evaluation with the target to find out impact by the reliance on something other
than the counterfactual to make a causal inference (Mohr, 1995). The focus in qualitative
techniques is on sympathetic processes, behaviors, and conditions as they are perceived by
the individuals or groups being studied (Valadez and Bamberger, 1994). For example,
qualitative methods and particularly participant observation can provide insight into the
ways in which households and local communities perceive a project and how they are
affected by it. Because measuring the counterfactual is at the core of impact analysis
techniques, qualitative designs have generally been used in juxtaposition with other
evaluation techniques. Qualitative data can also be quantified. Among the methodologies
used in qualitative impact assessments are the techniques developed for rapid rural
assessment which rely on participants knowledge of the conditions surrounding the
project or program being evaluated, or participatory evaluations where stakeholders are
involved in all stages of the evaluation, determining the objectives of the study,
identifying and selecting indicators to be used, and participating in data collection and
analysis (Baker, 2000).

Like any other technique, the qualitative techniques have their own advantages and
disadvantages. The advantages of qualitative assessments are as follow, they are flexible,
can be specifically modified to the needs of the evaluation using open-ended approaches,
they can be carried out quickly using rapid techniques, and can greatly enhance the
findings of an impact evaluation through providing a better understanding of the
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stakeholders’ perceptions and priorities, and the conditions and processes which may have
affected the program impact. On the other hand, the main drawbacks are the subjectivity
involved in data collection, the lack of a comparison group, and the lack of statistical
robustness given mainly small sample sizes making it difficult to generalize to a larger
representative population (Baker, 2000).

The validity and reliability of qualitative data are very dependent on the methodological
skills, sensitivity, and training of the evaluator. If field staffs are not sensitive to specific
social and cultural norms and practices, and non-verbal messages, the data collected may
be misinterpreted. And finally, without a comparison group, it is impracticable to
determine the counterfactual and thus, causality of project impact (Baker, 2000; Mohr,
1995).

Considering the advantages and disadvantages of the various approaches and methods of
impact assessment, this study adopted with and without intervention approach and used a
combination of quantitative and qualitative methods to assess the impact of Mkindo
irrigation scheme on household income and food security.

2.3 Impacts of Irrigation Project
Historically, irrigation originated as a method of increasing the productivity of available
land and thereby expanding total agricultural production, especially in the arid and semiarid regions of the world (Bhattarai et al., 2002). In addition to increasing crop production
and farm and family incomes, improved irrigation access significantly contributes to rural
poverty reduction through improved employment and livelihoods within a region. Indirect
benefits, such as more stable rural employment as well as higher rural wage rates, help
landless farm laborers obtain a significant share of the improved agricultural production.
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In addition to yield improvement and intensive production practices, better irrigation
infrastructure and reliable water supply also enhance uses of other inputs like fertilizers
and high yielding varieties. Therefore, irrigation is important in rural poverty reduction
strategy.

The irrigation induced benefits are not limited to farming households but also affect
broader sectors of the economy, by providing increased opportunities to growing rural
service sectors and other off-farm employment activities (Bhattarai et al., 2002; Lipton,
2007; Hussain, 2007). Hussain (2007) argues that, indirect irrigation benefits could be
larger than direct benefits through the multiplier effect and distribution of irrigation
benefits also varies widely by type of the benefit and the socio-economic status of the
beneficiaries. The direct benefits generally accrue to landholders, while a significant part
of the indirect benefits accrue to the landless and small farmers, positively contributing to
their livelihoods. Further, the overall benefits of irrigation are large when irrigation
improving interventions, investments in infrastructure, improvements in system
management and service delivery to farmers, are implemented in an integrated manner.
Examples of such benefits are additional employment creation for landless laborers in
agro-industries, rural marketing and other off-farm activities like house construction and
basic infra-structural building.

2.3.1 The impact of irrigation on household income
Improvement in access to irrigation water serves as a reliable tool to increase income,
branch out livelihoods and reduce vulnerability, since irrigation water creates options for
extended production across the year, increases yields and outputs, and creates
employment opportunities (McCartney et al., 2010; Hussain et al., 2004; Berhanu and
Peden, 2002). Nonetheless, irrigation benefits may accrue unevenly across socio-
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economic groups (Hussain et al., 2004). Therefore in analysis of irrigation impact to
household income, the issue of income inequality should also be considered. These show
how irrigation improves household income and distribution of the income to the society.
In this study, the impact analysis framework, with and without, will be used to assess
income impact and inequality between user and non-user of Mkindo irrigation scheme.

2.3.2 The impact of irrigation on food security
Food security is one of the positive impacts of irrigation. But achieving food security in its
totality continues to be a challenge, not only for the developing nations, but also for the
developed world (Mwaniki, 2006). The difference lies in the magnitude of the problem in
terms of its severity and proportion of the population affected. But, it is well documented
that irrigated land leads to increased agricultural productivity. Irrigated areas are 2.5 times
more productive comparing to rain-fed agricultural areas (Stockle, 2001). Therefore
irrigation has been found to be a central key part in curbing food scarcity and reducing the
level of poverty, not only in Tanzania but also in many other developing countries
(Mwakalila 2004; Cosmas and Tamilwai, 2005; Mkavidanda and Kaswamila, 2001;
SWMRG, 2005; Shitundu and Luvanga, 1998).

The definition of food security, agreed upon at the 1996 World Food Summit is “a
situation that exists when all people, at all times, have physical, social and economic
access to sufficient, safe and nutritious food that meets their dietary needs and food
preferences for an active and healthy life.” Food security is commonly conceptualized as
resting on three pillars: availability, access, and utilization. These concepts are inherently
hierarchical, with availability necessary but not sufficient to ensure access, which is in
turn necessary but not sufficient for effective utilization. Availability reflects the supply
side. Access reflects food demand, as mediated by cash availability, prices, and intra-
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household resource allocation. Utilization reflects whether individuals and households
make good use of the food to which they have access, commonly focused on the intake of
essential micronutrients. Some consider stability to be a fourth dimension of food
insecurity capturing individuals’ susceptibility to food insecurity due to interruptions in
access, availability or utilization (Barrett et al., 2009).

The temporal aspect of stability links to the oft-made distinction between chronic and
transitory food insecurity. Chronic food insecurity reflects a long-term lack of access to
adequate food, and is typically associated with structural problems of availability, access
or utilization, especially poor access due to chronic poverty. Most food insecurity is
chronic (Barrett, 2002). Transitory food insecurity, by contrast, is associated with sudden
and temporary disruptions. The most serious episodes of transitory food insecurity are
commonly labeled “famine”, typically caused by simultaneous or sequential availability,
access, and humanitarian response failures.

Hence, based on the concept of food security, several approaches are employed to assess
its state. The first approach is indicator-based, emphasizing the indicators focusing on
food security dimensions such as food availability, food accessibility and variability, and
those based on FIVIMS (Food Insecurity and Vulnerability Information and Mapping
Systems). The second approach relies on the general equilibrium point of view, using the
Social Accounting Matrix (SAM) and the Simple Computational General Equilibrium
Model (SCGE) to make policy simulations. The third approach focuses on the
econometric estimation of consumer demand by applying the Linear Expenditure System
(LES) and the Almost Ideal Demand System (AIDS) to assess elasticities, nutrition related
measures and welfare indicators (Jrad et al., 2010).
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Based on the concept of food security and the impact of irrigation on food security, this
study employed the food security indicator-based approach, and these indicators are food
availability and food accessibility.

2.4 Previous Irrigation Related Studies in Tanzania
Irrigation-related studies have been undertaken in different parts of the country. These
include studies on management of irrigation schemes, technical and productivity
efficiently, social economic impact and economic valuation of irrigation.

2.4.1

Studies on management of irrigation schemes

The issue of irrigation management has got its rules in making sure that these irrigation
schemes are performing well. Some of the studies in Tanzania have addressed the issue of
management and its role. Tarimo et al. (2010) conducted study on evaluation of water
distribution systems at Igomelo irrigation scheme to assess the performance of the scheme
after intervention of the Irrigation Management Transfer (IMT). Irrigation performance
indicators, such as Dependability (PD), Equity (PE) and Adequacy (PA) of water supply,
Conveyance efficiency and Structure Condition Index (SCI) were used to evaluate the
system. It was found that all these were indicators of a system that was performing well
(Magayane et al., 2003).

2.4.2

Studies on technical aspects of irrigation and productivity of irrigation
schemes

Mahoo et al. (2007) conducted a study in the Ruaha River Sub-basin of the Rufiji basin to
assess knowledge, attitudes and practices in measuring productivity among the
stakeholders. They found that, “there is a lack of general understanding and a wide
disparity in practices related to the concept of productivity of water”. The concept of
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productivity of water is poorly understood, with inconsistent and incomplete monitoring,
reporting and auditing among the stakeholders. Policy makers, engineers and researchers
define productivity in one way and smallholder farmers apply their own definitions and
descriptions, to assess productivity. This results in a lack of realistic analyses of water
requirements and water values in various water sectors for fostering and implementing
strategies for improved water allocation. Also Magayane et al. (2003) conducted a study
that explore how water use efficiency and productivity of irrigation systems practicing
water reuse, could be related to the efficiency and productivity of individuals farms within
the water reuse systems.

Two irrigation systems having a chain of three users (Top, Middle and End users) reusing
the runoff from upstream farms were sampled for investigation in the Ruaha river subbasin. It was observed that the system which consisted of farmers with lower individual
efficiency and productivity resulted in lower water reuse efficiency (90%) and
productivity (0.55kg/m3). Alternatively, the system which consisted of individuals with
relatively higher efficiency resulted in higher water reuse efficiency of about (93%) and
productivity (0.72kg/m3). Magayane et al. (2003) concluded that, “current methods of
assessing irrigation efficiency and productivity of water reuse does not accurately assess
key conditions inspired by the Usangu situation and which affect the irrigation efficiency
and productivity of water reuse in the area”. Lastly it concluded that, “irrigation efficiency
and productivity of individual farms in any water reuse system are the major contributors
to high water reuse efficiency and productivity”.

2.4.3

Economic valuation of irrigation water

On the issue of economic valuation, Ngaga et al. (2005) conducted a study in Pangani
River Basin to provide estimates of the value of water in different uses and reviewed
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various issues and economic tools pertaining to water resource allocation and financing
mechanisms in the basin. They found that, “on the value of water in alternative uses
indicated that for irrigated agriculture such as coffee, the estimated average value was
about TZS. 700 – 6 000/m3. Water was estimated to be worth TZS. 30–100/m3 in large
scale sugar production, TZS. 3 500–5 300/m3 for greenhouse-based cut-flower production,
TZS. 200–600/m3 for small scale traditional furrow irrigation agriculture, and TZS. 600–1
400/m3 for improved irrigation agriculture schemes and for domestic consumption were
equivalent to TZS. 1500 and 1250 per m3 in the highlands and lowlands respectively. Also
Kadigi et al. (2003) also conducted a study on economic analysis of value of irrigated
paddy in Usangu basin. They found that,” if farmer in Usangu stopped producing irrigated
paddy about 576 Mm3 of water that was currently used in irrigation or 345.6 Mm3 traded
inter-regionally as virtual water would be utilized in alternative ways, either as
evaporation from seasonal swamps within the basin or made available for other uses. Also
there would be shrinkage in annual paddy production of about 105 000 tonnes of paddy
which is equivalent to 66 000 tonnes of rice which is equivalent to 14.4% of the total
annual paddy production in Tanzania. The opportunity cost of about TZS 16.4 billion will
be incurred annually and the country balance of payments will be affected by an average
of US$ 15.9 million per annum.

2.4.4

Studies on socio-economic impact of irrigation schemes

Previous studies on social economic impact have addressed the issues of income and food
security. Chiza (2005) argue that, “Irrigation has a multi-facetted role in contributing to
food security, self-sufficiency, food production and exports. In order to achieve good
returns to investment, effort must be made to change from subsistence to commercial
farming. There is therefore need to expand land under irrigation while intensifying crop
production. These efforts, coupled with good market arrangements, will result into
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increased profits from farm produce and thereby reducing poverty at both household and
national levels. Mwakalila (2004) found that irrigated agriculture is, therefore, a povertyreducing intervention in the irrigation schemes of Igurusi. Though paddy production in the
area is asserted as utilizing too much of the available water resources, the same is also
playing an important role in enhancing food security, income and livelihoods of the local
people in the area. Cosmas and Tamilwai (2005) found that Ndiwa indigenous traditional
irrigation system contributes to poverty alleviation as it enables upland farmers to produce
products, especially vegetables during the dry season. This not only rescues farmers from
unreliable rain-fed agriculture, but also generates higher incomes since farmers can grow
high value crops more frequently. They also found that Ndiwa farmers were better off
compared to non-Ndiwa farmers in their possession of material assets such as better
houses, more livestock, fields, durable household items and farm implements. Other
studies on social economic aspect are from Mwakalila (2004); Mkavidanda and
Kaswamila (2001); Shitundu and Luvanga (1998) and Kissawike (2008).

2.4.5 Chapter summary
In summary the following can be drawn from the review of literature: Firstly, despite its
weakness the BCR method has been widely used as a criterion for project worthiness in
evaluation of many investment projects. For this reason, the method was adopted in the
evaluation of Mkindo irrigation scheme. Secondly, the literature has shown the before and
after approach to be the most appropriate approach for measuring impact of project
interventions. However, this study adopted the with and without due to absence of
baseline data. Lastly most of the literature has indicated that irrigation has significantly
impact on agriculture productivity and hence improving household’s income and food
security. But more research needs to be done especially on the viability, management and
efficient use of irrigation schemes and its adverse impact on environment.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 The Study Area
The study was conducted at Mkindo farmer-managed irrigation scheme found in northern
part of Mvomero District in Tanzania. It is located at latitude 60 16’ and 60 18’ South,
longitude 370 32’and 370 36’east and its altitude ranges between 345 to 365 metres above
sea level, about 85km from Morogoro. The average annual temperature is 240C with a
minimum of 15.10C in July and a maximum of 32.10C in February. The mean relative
humidity is 67.5% while the mean annual sunshine hours are 7.0 per day. The soils are
sandy clay loam. Mvomero District is one of five districts in Morogoro region composed
of 101 villages with a total population of 260 535 (Mboera et al., 2007). Rainfall in the
district is bimodal, with a long wet season from March to May and a short wet season
from October to December. The northern area has a humid to sub-humid climate, and
annual rainfall ranges from 1500 to 2000 mm (Lyimo et al., 2004), while the southern part
of the district is much drier, with annual rainfall between 600 mm and 1 200 mm
(Karimuribo et al., 2005).

The majority of the district’s population derive livelihood from crop production. Major
crops grown include paddy and maize. Only the population in the southern part of the
district depends primarily on pastoralist livestock keeping, raising goats and traditional
zebu cattle. Apart from Mkindo scheme, there are other schemes in Mvomero District
including Mhonda, Mgeta, Mlali, Mgongola, Patel, Mbigiri, Dakawa, Ndole, and Mtibwa
Sugar Estate. Mkindo scheme has been selected because it is one of the schemes which
have received funds from TASAF. Figure 1 below shows a map of Mkindo catchment
which is found in the Wami basin, Tanzania. As indicated in the map, the Mkindo
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catchment in which Mkindo Irrigation Scheme is found has been labeled in black colour
and the red colour shows the boundary of the area under Wami Basin.

Mkindo
area

Figure 1: Map showing the Mkindo study area, Tanzania
3.3 Conceptual Framework
The purpose of investing in irrigation is to increase agricultural production and thereafter,
improve the life standard of the people. However, before making decision on irrigation
investment, economic viability of the project should be checked and identify whether it is
economically viable. After successful investment in the irrigation project, impact
assessment should be carried out in order to identify whether the project objective has
been attained. This attainment can be justified by looking at variables like food security
status, income distribution and household income.
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Figure 2: Conceptual framework for the study
3.4 Research Design
There are two approaches that can be used to assess the impact of adopting certain
technologies like irrigation. These are before and after the introduction of the technology
or with and without the use of the technology. This study employed the with and without
design, which involved observations of a group of farmers practicing irrigation (with) and
another group which was practicing rainfed agriculture (without), at one specific point in
time. The before and after design is better compared to with and without design because it
captures the spillover effects, but due to the unavailability of baseline data, with and
without design was used in this study.
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3.5 Data for the study
Data for the study were obtained from both secondary and primary sources as described
below.

3.5.1 Secondary data
Secondary data were obtained from records kept by the former Chairman of Mkindo
Farmer-Managed Irrigation Scheme, Mr. Moses Kimosa. These data include initial
investment cost, number of farmers using the scheme, production costs, crop yields
obtained by users of the scheme since it was in 2008/09 rehabilitated by TASAF.

3.5.2 Primary data
Primary data were collected using structured questionnaires administered to farmers
selected from a list of farmers practicing irrigation at the Mkindo Irrigation Scheme and
farmers practicing rainfed agriculture at Dakawa as described in the following sections.

3.5.3 Questionnaire design
Questionnaires presented as Appendices 1 and 2 were designed to obtain information
required for answering the stated objectives. They were designed to capture both
qualitative and quantitative data for farmers inside the scheme and those outside the
scheme. They were divided into the following sections, as shown in Appendices 1 and 2.
i)

Section A: General information about farmers household.

ii)

Section B: Crop and livestock production activities.

iii)

Section C: Irrigation practices, for irrigator questionnaire only.

iv)

Section D: Resource use.

v)

Section E: Impact of practicing and not practicing irrigation farming, to the lives
of farmers.
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3.5.4 Sampling and sample size
The target populations were farmers who were practicing irrigation farming at Mkindo
Irrigation Scheme and farmers who were practicing rainfed farming at Dakawa. A sample
of 80 farmers practicing irrigation was randomly selected from a sampling frame of 106
farmers practicing irrigation at the Mkindo Irrigation Scheme. The same sample size was
selected from farmers practicing rainfed agriculture at Dakawa in order to make a
comparison simple. The sample size of 80 farmers was determined by using the following
formula:
………………………………. (1)

Where N0 = sample size, Z = Z statistic for a level of confidence, at which the data are
going to be tested. Z statistic (Z): For the level of confidence of 95%, which is
conventional, Z value is 1.96. Investigators who want to be more confident (say 99%)
about their estimates, the value of Z is set at 2.58 (Naing et al., 2006). Therefore, the value
of Z depends on the choice of investigator. P or Ϭ = expected prevalence (proportion) or
standard deviation. Expected proportion (P) is the proportion (prevalence) that, the
investigators are going to estimate by the study and e = precision or error. It is suggested
that 5%, e= 0.05 is the appropriate one because it gives the confidence interval of 95%,
which is acceptable in social science research (Naing et al., 2006). However, if there is a
resource limitation, investigators or researchers may use a larger e. In case of a
preliminary study, investigators may use a larger e (e.g. >10%) (Naing et al., 2006). Using
the above formula yields a sample size of 80 out of the sampling frame of 106 farmers
who were practicing irrigation at the Mkindo Irrigation Scheme. The same sample size
was adopted for farmers who were practicing rainfed agriculture at Dakawa, making a
total sample of 160 farmers, who were interviewed for the whole study.

29

3.5.5

Recruitment and training of enumerators

Prior to administration of the questionnaire as described in Section 3.5.6, three
enumerators with experience in data collection using questionnaires were recruited and
trained. The training took one day and covered the following aspects (i) importance and
objectives of the research, (ii) familiarizing the enumerators with the questionnaire to
ensure common understanding of all the questions in the questionnaire, (iii) how to ask
sensitive questions (iv) probing of options during the interviews, (v) how to record data
and (vi) building rapport with the respondents.

3.5.6 Questionnaire administration
The questionnaires were administered by the researcher with the help of three enumerators
who were already trained as indicated above. The administration of the questionnaires
took 12 days, between 6 February and 17 February 2012. The questionnaires were
administered using face-to-face interviews with the heads of households, and responses to
the questions were recorded immediately. The questionnaire was in English but the
interviews were conducted in Swahili. The enumerators were closely supervised during
data collection to make sure that quality data were collected.

3.6 Data Analysis
The SPSS software version 16 was used to generate the descriptive statistics such as
means, frequencies, cross tabulations, ratios, t-tests and chi squire analyses, to determine
significance differences between irrigators and non-irrigators. Other analyses carried out
to achieve the study objectives include discounting measures of project worthiness, Gini
coefficient and regression analysis as described in the subsequent sections below.
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3.6.1 Economic viability of Mkindo irrigation scheme
The budgeting technique was used to analyze the long-term economic viability of Mkindo
Irrigation Scheme. The assumptions made in the analysis include: (i) Time horizon of 18
years was chosen, because irrigation projects are long-run in nature, therefore forecasting
for the future years is necessary (ii) A discount rate of 12% was used according to Central
Bank of Tanzania (BOT), as indicated in the “Economic Bulletin” for the quarter ending
March, 2012. With these assumptions, the financial streams of revenues from crop sales
and costs incurred were discounted to determine the NPV, BCR and IRR. The
computation of NPV, BCR and IRR were done in Ms Excel software using built-in
command. The mathematical equations underlying the computation of NPV, BCR and
IRR and the criteria for accepting an investment project using each indicator worthiness
are given in subsequent subsections.

3.6.1.1 Net present value
The NPV is calculated as the present value of the project's cash inflows minus the present
value of the project's cash outflows. Cash inflows are the revenue obtained from selling
crops obtained from the irrigation scheme and the cash outflow are the inputs cost for
producing crops and initial investment cost. This relationship is expressed by the
following formula:
…………………...…………………………………. (2)

Whereby, NPV is the value of the net present value, Bt is the benefit at time t, Ct are costs
incurred in production at time t, r is the interest rate and n is the time horizon. The project
with higher positive number is the one which is selected.
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3.6.1.2 Benefit-cost ratio
The benefit-cost ratio (BCR) is the ratio of all the discounted (yearly) incremental benefits
and costs of a project. Thus, it expresses the benefit generated by the project per unit of
cost of the project expressed in present values. The ratio was obtained by using the
following formula:
…………………………………………… (3)

The BCR expresses the benefit generated per unit of cost and it was interpreted as
follows:
i)

BCR > 1: present value of benefits exceeds the present value of costs.

ii)

BCR = 1: present value of benefits equals present value of costs.

iii)

BCR < 1 the present value of costs exceeds the present value of benefits.

Selection criterion: projects with a BCR of 1 or greater are economically acceptable
when the costs and benefit streams were discounted at the opportunity cost of capital. The
absolute value of the BCR varies depending on the discount rate chosen; the higher the
discount rate, the smaller the BCR.
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3.6.1.3 Net benefit per capita in the scheme
Net benefit per capita is the average benefit per person obtained within the irrigation
scheme. Therefore, it involved only farmers at all farmers at the Mkindo irrigation
scheme. It was calculated by taking the total sum of net benefits and dividing it by the
number of farmers who were using the Mkindo Irrigation Scheme. It does not attempt to
reflect the distribution of the income or wealth.

…………..….………………………………………………. (4)

Where by R = Total net revenue, N= total numbers of irrigators farmers who interviewed
and X= Net benefit per capita

3.6.1.4 Internal rate of return
The internal rate of return (IRR) is a rate of return used in capital budgeting to measure
and compare the profitability of investments. The internal rate of return of an investment
or project is the annualized effective compounded return rate or rate of return that makes
the net present value of all cash flows (both positive and negative) from a particular
investment equal to zero. In more specific terms, the IRR of an investment is the discount
rate at which the net present value of costs (negative cash flows) of the investment equals
the net present value of the benefits (positive cash flows) of the investment. The formula
or IRR is as follow.
..………………………. (5)

Whereby, rn+1 = internal rate of return, rn is considered the nth approximation of the IRR.
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Decision criterion
If the IRR is greater than the cost of capital, accept the project.
If the IRR is less than the cost of capital, reject the project

3.6.2 Impact of Mkindo irrigation scheme
This section is divided into four sub-sections. The first sub-section describes the method
that was used to determine the impact of the irrigation scheme on income. The second
sub-section describes the method used to analyze income distribution. The third subsection describes how the impact of Mkindo Irrigation Scheme on food security was
determined, while the last sub-section describes econometric analysis which captures the
effect of practicing irrigation on crop yield.

3.6.2. 1 Analysis of impact of irrigation on household income
With and without design for impact analysis was used to measure the impact of irrigation
on household income by comparing incomes of users of Mkindo Irrigation Scheme and
non-users of the Scheme practicing rainfed agriculture at Wami Dakawa, who were not
practicing irrigation farming. Their income from agriculture and other sources were
compared by using t-test statistics. The unpaired, or "independent samples" t-test” method
was used between the treatment group (farmers within the Mkindo Irrigation Scheme) and
control group (farmers who were not practicing irrigation farming at Wami Dakawa).

………………………………………………………………... (6)
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The numerator equals the difference between two sample means, and the denominator, is
called the standard error of difference, which equals the combined standard deviation of
both samples.

3.6.2.2 Analysis of impact of irrigation on income distribution
The Gini coefficient was used to measure income distribution among the irrigators and
non-irrigators in the study area. It is defined as a ratio with values between 0 and 1. The
Gini coefficient is often used to measure income inequality. Here, 0 corresponds to perfect
income equality (i.e. everyone has the same income) and 1 corresponds to perfect income
inequality (i.e. one person has all the income, while everyone else has zero income). The
Gini coefficient can also be used to measure wealth inequality. Therefore, the model was
adapted to determine whether there was a difference in income distribution between
irrigators at Mkindo and non-irrigators at Dakawa.

3.6.2.3 Analysis of the impact of Mkindo Irrigation Scheme on food security
The impact of irrigation on food security was determined by comparing food availability
between the irrigators and non-irrigators. Food availability which reflects food supply,
and the amount of own food consumed or stored and length of time able to feed
themselves in the year were used as proxies for food availability. Also number of meals
which household consume per day was also computed and then compared between
irrigators and non irrigators respondents. T-test (amount of food and income used by
household) and Chi-square (number of meals household consume per day and
number of month whereby household are food secure) statistical test were carried out to
determine if there is significant difference in food availability between irrigator and non
irrigator respondents.
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3.6.2.4 Econometric analysis of the factors influencing paddy yield
All the benefits that exist in farming were determined by the amount of the output
produced. But the output produced is influenced by number of factors which need to
examine their influence on the output. For this reason, the key independents variable like
irrigator dummy, education dummy, labor force used and fertilizer were assessed in order
to check their influence on dependent variable. Using the multiple linear regression
models, the relationship between dependent variable and independent variables in the
scheme was assessed. Multiple linear regression model applies to the data taken on a
dependent variable Y and a set of k predictor or explanatory variables X1, X2, …, Xk with i
sets of data. In matrix form, the formula was presented as follows:
…………………………………………………………….. (7)

Yi = βiXi+ U

Whereby Yi represents the matrix of output and βi represents the matrix of the beta
coefficients, which explain how, change in independent influence change in dependent
variable. Xi is a matrix with i rows and k +1 column and u is the matrix of error term.
Thus, the formula can be expanded to fit our prediction between independent and
dependent variable as follows:
Y = ß0 + ß1X1 + ß2X2 + ß3X3 + ß4X4 + U

…………………………….. (8)

Where Y = Production of main crop/Ha
ß0 = Intercept
X1 = Irrigation dummy variable taking the value of 1 for farmers practicing
irrigation in the scheme and 0 for farmers practicing rainfed agriculture
outside the scheme.
X2 = Education dummy variable taking the value of 1 for those who received
formal education and 0 for those who did not receive formal education.
X3 = Labor force used in farming activities measured in number of people
employed
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X4 = Amount of fertilizer used measured in kg.
U = Error term.

3.6.2.5 Explanation of variables and prior expectations
Irrigator dummy: Irrigator dummy variable was included in the model to show the
difference on the influence of irrigation on dependent variable between users of the
Mkindo scheme and non-users of Mkindo scheme. Irrigation has been found to have
positive impact on crop production (Ozdogan, 2011). Thus the dummy coefficient for
irrigation was hypothesized to be positive.

Education dummy: Respondents’ exposure to education will increase the farmers’ ability
to obtain, process and utilize information relevant for improving his/her productivity in
agriculture. Arrow (1973) suggests that, education adds to an individual’s productivity
and therefore increases the productivity of agriculture. The education variable was
therefore, expected to have a positive influence on yield per acre.

Fertilizer use: The use of fertilizer has been found to increase yield per acre (Abdoulaye
and Sanders, 2005; FAO, 2002). According to Fox and Rockstrom (2000) irrigation
together with fertilizer use has positive impact on crop yield. Therefore the fertilizer use
variable was included in the model to capture the effect of using fertilizer in the irrigation
scheme and the coefficient of the variable was expected to be positive.

Labor (Number of people employed): Increase in the number of people employed is
assumed to increase production.

This is because an increase in number of people

employed increase labor force. Labor force determines the size of land to be cultivated
and timeliness of farm operation like planting and weeding and consequently
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improvement in farm output and productivity (Steven et al, 2012). Therefore, the
coefficient of the variable labor was expected to have a positive effect.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Overview
This chapter is organized into four sections. The first section presents the socio-economic
characteristics of respondents; the second section presents results on crop and livestock
activities in study area; the third section presents results on irrigation practices; and the
fourth section presents results on economic impact and viability of irrigation scheme.
Fourth section is divided into four sub-sections which are impact on household income
and income distribution, impact on food security and econometric analysis which has been
employed to capture the effect of using irrigation on crop yield.

4.2 Socio-economic characteristics of households heads
Table 1 presents the distribution of the household’s heads according to age. The age of the
household’s heads has an influence on food production and consumption. As it is shown
in Table 1, most (37.7%) of the household’s heads were in the age group of 36-50 years.
Very few household’s heads were above 60 years old. This suggests that, most of the
household heads were in the active age group that can participate effectively in production
activities.
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Table 1: Distribution of household heads by age
Age of households
head

Farmer Category

%Total (n=160)

%Irrigators (n=80)

%Non-irrigators(n=80)

18-35 years old

10.7

22.0

32.7

36-50 years old

19.5

18.2

37.7

51-60 years old

5.0

5.0

10.1

15.4

4.1

19.5

Above 60 years old

Table 2 presents findings on other socio-economic characteristics of the household’s
heads. The distribution of household’s heads by gender in the study area reveals that most
(59.4%) of the household heads were male. However, it should be noted that women
usually do not choose to become heads of household but it is the absence of a man able to
play this role that leads them to perform these duties. As such, the female heads category
consisted of widows, the divorced and those who were not yet married.

As it can be seen from Table 2, most (73.1%) of the household heads were married; with
non-irrigators having a larger proportion of married heads than irrigators. The findings
are similar to the findings reported by Mnyenyelwa (2008) in the study of traditional
irrigation systems and livelihoods of small holders farmers conducted in Same district,
Tanzania.

The findings in Table 2 show that most (85.6%) of household heads attained primary
school education. The education level attained by these heads is sufficient for them to
learn and adopt new farming technologies. These findings also support the findings by
Mnyenyelwa, (2008) in the study of traditional irrigation systems and livelihoods of small
holders farmers conducted in Same district, Tanzania.
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Lastly, Table 2 indicates that most (98.8%) of the households head reported agriculture to
be their main occupation. This suggests that agriculture is the major economic activity in
the study area. Only a few heads depend on business as their main occupation. In the case
of secondary occupation most (26.9%) of the household heads participate in petty
business as their other economic activity apart from agriculture. Other secondary
occupations reported by the interviewed household heads were wage employment and
livestock keeping.

Table 2: Distribution of household heads by Socio-economic characteristics
Farmer Category
%Irrigators(n=80)
%Non-irrigators(n=80)
Gender of
respondent:
Male
Female
Marital status
Married
Single
Widowed
Education level:
Primary
Secondary
College
No formal education
Primary Occupation
Agriculture
Business
Secondary
Occupation:
Business
Livestock keeper
Employee

%Total (n=160)

30
20

29.4
20.6

59.4
40.6

35.2
9.4
5.7

38.4
7.5
3.8

73.6
17
9.4

46.3
1.3
0.6
1.9

39.4
7.5
1.3
1.9

85.6
8.8
1.9
3.8

50
0

48.8
1.2

98.8
1.2

6.3
0
0

22.6
1.9
3.8

26.9
1.9
3.8
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4.3 Land owned by sampled farmers
Table 3 presents results on the amount of land owned by households. On average the nonirrigators own significantly larger land area per household than irrigators. This is because
the land for irrigation at Mkindo Scheme is limited and subdivided into small plots among
the farmers while at Dakawa there is a plenty of land for rain-fed farming and thus, enable
people to cultivate larger areas.

Table 3: Land owned (Acres) by sampled households
Statistical measure

Irrigators

Non irrigators

2.7

5.2

Minimum

1

1

Maximum

9

24

1.6

3.9

Mean

Std. deviation
T-test = 5.291 significant at 95% level of confidence

4.3 Crop production
Maize and paddy were the main crops grown in the study area as shown in Table 4, which
compares proportion of irrigators and non-irrigators who grow these crops. Most (87.5%)
of all respondents grew paddy during the 2010/11 cropping season, while 43.1% of all
respondents grew maize during the same cropping season. Irrigators grew maize in the dry
land while non irrigators grew their paddy and maize in the dry land.

Apart from the two main crops, farmers in the study area grow other minor crops such as
cassava, vegetables (tomatoes, onions, egg plant, okra and cabbages) and sunflower. As
shown in Table 4, only one irrigator reported to grow cassava, while two non irrigators
reported to grow vegetables and sunflower each, during the 2010/11 cropping season.
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Table 4: Main crops grown in the study area in 2010/2011 cropping season
Main crop

Farmer Category
%Irrigators(n=80)

%Total(n=160)

%Non-irrigators(n=80)

Paddy

50

37.5

87.5

Maize

17.5

25.6

43.1

0.6

0

0.6

Vegetable

0

0.6

0.6

Sunflower

0

0.6

0.6

Other crops
Cassava

Chi square = 22.857 significant at 95% level of confidence
4.3.2 Crop yield per acre (kg/acre) in the 2010/11 cropping season
Table 5 presents findings on yield per acre (kg/acre) for maize and paddy. As shown in
Table 5 below the mean yield per acre for irrigators was significant higher than that of non
irrigators. This implies that, irrigator farmers obtain more yields per acre compared to non
irrigator farmers. This suggests that, irrigation farming increases crop yield compared to
rainfed farming. The findings of this study support the findings by Droogers and Kite
(2001), Evenson et al. (1999) and FAO (1996) who found that productivity, was higher in
the irrigated area compared to the area where non-irrigated crops were cultivated.
Therefore, there is indisputable evidence that irrigating land leads to increased
productivity. One acre of irrigated cropland is worth multiple acres of rainfed cropland.
Irrigation allows farmers to apply water at the most beneficial times for the crop, instead
of being subject to the erratic timing of rainfall.

However, the mean yield per acre for maize was not significant as it is shown in Table 5.
This implies that, their productivity was more or less the same between irrigators and non
irrigators. This is due to the fact that, irrigators grew maize in the dry land areas which is
the same as non irrigators who grew maize and paddy in the dry land. The mean yields of
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other crops cultivated in the study area were not computed because only one respondent
grew cassava, sunflowers and vegetable each.
Table 5: Major crops yield per acres (kg/acre) mean comparison
Crop

Statistical

Irrigators

measure
Paddy

Maize

Non

T- ratio

Sig

irrigators

Mean(kg/acre)

2 664.40

1 126.83

Min(kg/acre)

1 040.00

.00

Max(kg/acre)

4 080.00

2 400.00

Std. Deviation

630.97

618.28

Mean(kg/acre)

745.70

767.13

Min(kg/acre)

120.00

0.00

Max(kg/acre)

1 440.00

3 000.00

340.63

733.15

Std. Deviation

12.12

.000

-0.12

0.901

4.4 Livestock production in the study area
Cattle, goats, chickens and ducks were the major livestock types kept in the study area as
shown in Table 6. The table shows that most (66.3%) of the respondents in the study area
kept chicken. The chi square value implies that, there was significant difference in the
number of livestock kept between the irrigators and non-irrigators with irrigators raising
significantly more livestock than non-irrigators.
Table 6: Types of livestock kept by sampled households
Types of livestock

Farmer Category
%Total(n=160)
%Irrigators(n=80)
%Non-irrigators(n=80)
Chicken
43.1
23.1
66.3
Cattle
0
1.3
1.3
Ducks
0.6
0.6
1.3
Goats
0.6
2.5
3.1
Pigs
0
0.6
0.6
Chi square = 29.824 significant at 95% level of confidence
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4.5 Type of irrigation practiced in the study area
Farmers at Mkindo irrigation scheme practiced furrow irrigation. Furrow irrigation
involves creating small parallel channels along the field length in the direction of main
slope. Water is applied to the top end of each furrow and flows down the field under the
influence of gravity. The speed of water movement is determined by many factors such as
slope, surface roughness and furrow shape, but most notably by the inflow rate and soil
infiltration rate.
4.6 Labor use in the study area
Table 7 presents the type of labor used in the study area during the 2010/2011 cropping
season. The table reveals that most farmers used hired labor compared to family labor.
Hired labor was used for both major and minor crops. The difference in hired and family
labor use, between irrigators and non-irrigators was not significant at 95% level of
confidence.
Table 7: Labor type in the study area
Crop type

Labor
%Irrigators
%Non irrigators
type
(n=80)
(n=80)
Paddy
Hired
53.8
41.3
Family
1.4
3.5
Maize and
Hired
65.9
29.5
other crop
Family
4.5
0
Chi- square = 2.118 not significant at 95% level of confidence

%Total
(n=160)
95.1
4.9
95.5
4.5

Table 8 presents finding on the labor cost incurred per acre during the 2010/2011 cropping
season. As shown in the table the average labor cost per acre for irrigators who grow
irrigated paddy was significantly higher compared to non irrigators who grow dry land
paddy. This implies that irrigators incur more labor cost per acre than non irrigators in the
case of paddy. For the case of maize and other crops the difference of labor cost per acre
was not statistically significant at 95% level of confidence.
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Table 8: Labor cost per acre (TZS/acre)
Labor
Labor cost for
the paddy
Labor cost for
maize and
other crop

Statistical
measure
Mean(TZS/acre)

Irrigators
36 6178.1

Non
irrigators
1 596 431.2

Std. deviation

103 320.8

1 464 261.9

Mean(TZS/acre)

924 426.1

1 018 625.0

Std. deviation

738 801.6

653 178.5

Ttest
7.49

Sig
.000

0.62

.533

4.7 Fertilizer use in the study area
Table 9 compares the proportion of irrigators and non-irrigators who applied fertilizer on
their farms during the 2010/11 cropping season. Most (67.5%) of respondents used
fertilizer during 2010/11 cropping season with irrigators accounting for significantly a
larger proportion of the farmers who used fertilizer in their farms. This finding suggests
that, there is complementarity between irrigation and fertilizer use. These results also
indicate that non irrigators’ are rational because they know the risk of using fertilizer on
rainfed agriculture. Using fertilizer in rainfed farming is risky resulting due to the
likelihood of incurring loss if it fails to rain.

The complementarities relationship between fertilizer use and irrigation from this study
support previous findings from different studies like those of Abdoulaye and Sanders
(2005); FAO (2002); Fox and Rockstrom (2000); Morris et al. (2007); Shah and Singh
(2001); Smith (2004); Wichelns (2003) and Yao and Shively (2007). These studies
suggest strong complementarity between irrigation and fertilizer and argue that, fertilizer
and water are issues that need to be handled simultaneously. This is because when water is
a limiting factor, fertilizer may have no positive effect or may indeed have an adverse
effect.
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Table 9: Distribution of households by fertilizer use
Farmer Category

%Total
(n=160)

%Irrigators

%Non-irrigators

(n=80)

(n=80)

48.8

18.8

67.5

1.3

31.3

32.5

Users of fertilizer
Non users of fertilizer

Chi square = 65.641 significant at 95% level of confidence

Analysis on the amount of fertilizer used by respondents is presented in Table 10. The
findings indicate that the average amount of the fertilizer used per acre by irrigators was
significantly higher than average amount used by non irrigators. The minimum quantity
was 0 kg for both irrigators and non irrigators while the maximum quantity of fertilizer
used per acre was 100 kg for both irrigators and non irrigators as indicated in Table 10.

Table 10: Comparison of amount of fertilizer used

Statistical
measure
Mean (kg)

Irrigators

Non irrigators

T-ratio

Sig

29.44

10.61

6.25

.000

Min (kg)

.00

.00

Max (kg)

100.00

100.00

18.73

19.38

Std. deviation

4.8 Cost of inputs used in production
In the study area, farmers incur various costs including fertilizer, irrigation fees, and cost
of buying sacks, pesticides and herbicides. Table 11 presents mean values of the cost
(TZS) of the inputs used by the households in production during the 2010/11 cropping
season. The t- ratio for fertilizer cost, and cost for buying storage sacks were significant
for non irrigators at 95% level of confidence but the cost of spraying pesticides and
herbicides were not significant.
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Table 11: Cost of the inputs used in 2010/11 cropping season in TZS per acre
Cost (TZS)

Irrigators
(mean)

Non
T-ratio
Sig
Mean
irrigators
difference
(mean)
Fertilizer cost
64 215.2
161 483.3
-3.7
.000
-97 268.1
Cost of spraying
9 884.6
19 125.0
-2.3
.029
-9 240.3
Fees of water
5 000.0
.0
Sacks cost
10 634.2
30 948.6
-5.3
.000
-20 314.4
Note: No t-statistic for water fees because only irrigators were paying that fee.
4.9 Long-term economic viability of the Mkindo irrigation scheme
Table 12 presents findings on the values of the indicators used for assessing economic
viability of the Mkindo Irrigation Scheme. As can be seen from the table, the NPV of the
project was positive, indicating that it was economically viable. The BCR was also
positive and according to decision criteria, projects with BCR which are positive and
greater than one are economically viable because the discounted benefits are higher than
the discounted costs. The IRR was greater than the discount rate used to compute NPV
and BCR, and as we know, a project with an IRR higher than the discount rate is deemed
to be acceptable. The net benefit per unit capital invested was TZS 1 224 867.9.

These results support the findings by Vorgelegt (2001) who found that, NPV was a
positive number, BCR was positive number greater than one and IRR was greater than the
discount rate used in their study of costs and benefits of adopting runoff irrigation systems
which was conducted in Kakuma, northern Kenya. However, the results are contrary to
the finding by Hotes (1984), who argues that, the benefit/cost ratio of many irrigation
projects, especially in developing countries, is unfavorable because the primary benefits
are less than expected and primary costs. Kortenhorst (1983) supports Hote’s statements
by indicating that many projects were initiated on political grounds, with little attention
given to farmer’s needs or motivations. However, the findings and suggestion of Hotes
and Kortenhorst should be considered with great attention because the study which was
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done by Inocencio et al, (2007) in assessing the costs and performance of irrigation
projects, by comparing Sub-Saharan Africa (SSA) and other developing regions, suggest
that, the popular view that SSA irrigation projects are expensive and not economically
viable has to be understood in its proper context. Using simple regional averages, the unit
costs in SSA appear to be higher than those for other regions. However, a careful look at
the details reveals that under certain conditions, unit costs of irrigation projects in subSaharan Africa are not statistically different from those in non-SSA regions. Therefore,
this finding by Inocencio et al, (2007), suggests that projects should reflect specific
characteristics consistent with lower unit investment costs. Despite the argument of Hotes
(1984), Kortenhorst (1983) and Inocencio et al (2007) still, irrigation projects in Sub
Saharan Africa are viable and the missing requirements are to improve market
infrastructure and credit facilities for purchasing agricultural inputs.

4.9.1 Sensitivity analysis
The problem of uncertainty in cost-benefit analysis may be addressed, to some extent,
through sensitivity analysis. This type of analysis shows the variation in the measure of
the project worthiness, for example NPV, IRR and BCR, as changes are made to the
values of particular variables. Sensitivity analysis was carried out in this study to
determine the effects on the above-mentioned measures of project worthiness by varying
the different variables at different levels. As shown in Table 12, levels of 25%, 50% and
75% for variable cost, increase in yield and decrease in price were used to compute NPV,
BCR and IRR. The values of NPV and BCR were positive, and value of IRR was greater
than discount rate indicating that variation of variable cost, price and yield at those levels
will not affect the viability of the project.
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Table 12: Economic viability of Mkindo irrigation scheme
Item

Current
Status

25

50

75

%Increase in paddy yield:
Sum of discounted
revenues(TZS)
Sum of discounted
costs (TZS)
NPV (TZS)

2 921 697 008 2 995 859 681
525 009 263

656 261 579

2 396 687 745 2 305 818 102

3 595 031 617 4 194 203 554
787 513 895

918 766 211

2 773 737 722 3 241 657 342

BCR

5.56

4.56

4.56

4.56

IRR (%)

16.1

195

262

294

353 748

1 531 084

1 837 301

2 143 518

2 921 697 008 2 921 697 008 2 921 697 008

2 921 697 008

Net benefit per
capita(TZS)
% Increase in cost:
Sum of discounted
revenues(TZS)
Sum of discounted
costs (TZS)
NPV (TZS)

525 009 263

656 261 579

787 513 895

918 766 211

2 396 687 745 2 339 598 101 2 208 345 786

2 077 093 470

BCR

5.56

4.56

3.80

3.26

IRR (%)

16.1

149

152

132

Net benefit per
353 748
capita(TZS)
% Decrease in price of paddy

1 531 084

1 837 301

2 143 518

2 921 697 008 6 371 336 538 4 247 557 692

2 123 778 846

Sum of discounted
revenues(TZS)
Sum of discounted
costs (TZS)
NPV (TZS)

525 009 263

525 009 263

525 009 263

525 009 263

2 396 687 745 5 846 327 275 3 722 548 429

1 598 769 583

BCR

5.56

12.13

8.09

4.04

IRR (%)

16.1

183

117

52

353 748

1 531 084

1 837 301

2 143 518

Net benefit per
capita(TZS)
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4.10 The economic impact of irrigation in the study area
4.10.1 The impact of irrigation on household income
Table 13 presents the mean incomes in TZS, obtained from crops sales, livestock sales,
wages and salaries, pensions and other sources of income. The table shows that the mean
income from crops for irrigators was significantly higher than the mean income from
crops of non-irrigators. However, there is no significant difference between irrigators and
non irrigators for income from livestock, petty business, wages, pension and other
sources. The high crop incomes obtained by irrigators are associated with high crop yields
per acre for irrigated crops. This suggests that irrigation has had positive impact on
household income because crop income account for the largest proportion of the total
household income. This finding supports the findings by Lipton (2007) in the study of
farm water and rural poverty in developing countries; Hussain (2005) in the study of propoor intervention strategies in irrigated agriculture in Asia; Mwakalila (2004) and Cosmas
and Tamilwai (2005) in their studies done in Tanzania, who found that, the presence of
irrigation increased crop productivity and hence rural household income.

Table 13: Mean household income in 2010/11 cropping season
Income
source
Total income

Irrigators
(mean TZS)
1 891 700.0

Non irrigators
(mean TZS)
2 582 100.0

714 857.1

347 135.9

-5.7 .000

.00 13 040 000.0

Livestock

61 637.5

341 662.5

-2.5 .012

.00

5 452 000.0

Petty
business
Wages

90 893.7

197 850.0

-1.9 .058

.00

3 000 000.0

125.0

35 250.0

-2.6 .009

.00

800 000.0

Pension

.0

2 187.5

-

.00

110 000.0

7 812.5

1 875.0

1.0 .283

.00

400 000.0

Crops

Other sources

TSig Min
Max
ratio
-1.9 .053 .00 13 640 000.0

-

Note: t-statistic was not computed for pension income because none of the irrigators
reported pension income
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4.10.2 The impact of irrigation on income distribution
Table 14 presents finding on the income share regression-based inequality decomposition
by predicted income sources. It shows that the respondents in the study area depend
heavily on income from crops which they cultivate and that income contributes about
83.5% to the total income. Income share to total income from livestock and small business
activities were about 9% and 6.5% respectively. This means that the crop sub sector was
the main source of household income in the study area. Therefore, more investment
priority should be given to crop production projects in order to improve the welfare of the
people in the study area.

Table 14: Income share regression-based inequality decomposition by predicted
income sources
Income
Absolute
Relative
Sources
Constant
0
0
0
Income from crops
0.834752
0.384342
0.824822
Income from livestock
0.090146
0.047531
0.102005
Income petty business
0.06454
0.027562
0.05915
Wages
0.007907
0.005434
0.011661
Pension
0.000489
0.000079
0.000169
Other income source
0.002165
0.001022
0.002193
Residual
0
0
0
Total
1
0.465969
1

Table 15 presents finding on the income distribution between irrigators and non-irrigators
in the study area. Gini coefficient was used to measure income distribution. Non-irrigators
had higher Gini coefficient compared to irrigators. Their values were 49.6% and 38.6%
for non-irrigators and irrigators respectively. This implies that income inequality among
non-irrigators was higher than income inequality among irrigators. This suggests that
irrigation schemes decreases the level of income inequality among famers and therefore
improve income distribution.
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These findings were similar to the findings reported by various authors including Thakur
et al. (2000) in their study on rural income distribution and poverty in Bihar; Janaiah et al.
(2000) in their study on poverty and income distribution in rainfed and irrigated
ecosystems in Chhattisgarh; Isvilanonda et al. (2000) in their study on recent changes in
Thailand’s rural economy; Ut et al. (2000) in their study on impact of modern farm
technology and infrastructure on income distribution and poverty in Vietnam and
Bhattarai et al. (2002) in their study of irrigation impacts on income inequality and
poverty alleviation. In general these studies found that, on average, income inequality in
irrigated agriculture was much less than in rain-fed agriculture. However, income
inequality in the irrigated area compared to the unirrigated area could deteriorate or
improve depending upon several underlying structural and institutional factors in the
society, such as landholding skewness and economic structures. Some of these factors
may not be associated with productivity improvement. Access to irrigation may actually
decrease income inequality mainly through increased rural employment and trickle-down
effects of the growth process (Chambers, 1988; Mellor, 1999).

Table 15: Gini index for total household income
Variable

Estimate

STE

Irrigators
Non irrigators

0.386981
0.496163

0.029423
0.033982

Lower
boundary
0.328416
0.428496

Upper
boundary
0.445546
0.563830

4.10.3 Impact of irrigation on household food security
Table 16 presents findings on the status of food security between irrigators and nonirrigators in the study area. The amount of crops produced by the households which were
consumed and stored and the number of months in the year which households were able to
feed themselves were used as proxies for measuring household food availability. The
difference in the amount of food consumed or stored was not significant as indicated in
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Table 16. However, the number of months in which households were able to feed
themselves was significant at 95% level of confidence as indicated in Table 16, implying
that irrigators were having significantly more months which they can feed themselves
from own produced food compared to non-irrigators. Based on food availability, these
findings imply that irrigators are more food secure than non-irrigators. Furthermore these
finding support the findings of previous studies by Lipton (2007) in his study on farm
water and rural poverty in developing countries; Hussain (2005) in his study on pro-poor
intervention strategies in irrigated agriculture in Asia; Mwakalila (2004) and Cosmas and
Tamilwai (2005) in their studies done in Tanzania; Ninno and Dorosh (2005) in their
study on food aid and food security in the short and long run in Asia and Sub-Saharan
Africa; Jean et al. (2005) in their study of food security and agricultural development in
Sub-Saharan Africa and Lipton et al. (2003) in their study of effects of irrigation on
poverty. Lipton et al. (2003) found that irrigation development improves the status of food
security because through irrigation farmers can improve production and can produce twice
a year.
Table 16: Status of food security in the study area
Food status
Crops consumed and
stored(bags)
Months feed from own
produce(months)

Irrigators
(mean)

Non-irrigators
(mean)

T-ratio

Sig

9.775

9.337

0.323

0.747

10.690

9.340

-5.399

0.000

Table 17 shows the number of meals households consumed per day. Most (73.6%) of the
households consumed three meals per day, with irrigators and non-irrigators accounting
for 47.2% and 26.4% of the households that, consumed three meals per day respectively.
The difference in the percentage of the number of meals households consume per day was
significant implying that irrigator’s households had more meals per day than nonirrigators.
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Table 17: Number of meals the households consumed per day
Number of meals

Farmer Category

%Total
(n=160)

%Irrigators

%Non-irrigators

(n=80)

(n=80)

Three

47.2

26.4

73.6

Two

2.5

22.0

24.5

One

0

1.9

1.9

Chi square = 36.944 significant at 95% level of confidence

4.11 Asset ownership
Table 18 presents finding on values of assets owned by respondents. On average irrigators
owned assets with a value of TZS 1 857 862.5 while non-irrigators owned assets with a
value of TZS 2 392 262.5 but, the difference in the value of assets owned by the two
categories of farmers was not significant. The distribution of the asset values was
measured by using Gini index and the finding suggest that, distribution of assets among
irrigators was fair compared to non-irrigators as indicated by Gini coefficients of 67.2%
and 69.4% for irrigators and non-irrigators respectively. These finding supports the
finding by Tong et al. (2011) who suggest that irrigation, was unlikely to have a positive
impact on the amount of durable assets. Nevertheless the finding was contrary to the
finding by Dillon (2011) and Hussain and Hanjra (2004) who found that irrigation
development has positive effects on assets holding. Also Hagos and Holden (2003),
indicate that physical assets endowment, were reported to have a positive significant
effect on improving household welfare and food security status. Cheryl et al. (2009) states
that, “Ownership and control over assets such as land and housing provide multiple
benefits to individuals and households, including secured livelihoods, protection during
emergencies and collateral”.
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Table 18: Values of assets owned by household
Statistical Measure
Mean(TZS)
Min
Max
Std. deviation
Gini index

Irrigators

Non-irrigators

T- ratios

Sig

1 857 862.5
0.0
29 215 000.0
3 775 905.5
0.6

2 392 262.5
0.0
42 250 000.0
5 160 245.7
0.7

0.748

0.456

4.12 Results of regression analysis
Table 19 presents findings of regression analysis. The model shows that only 72.7% of the
variation in paddy yields is explained by the variables included in the model. Only two of
the variables included in the regression model were influencing paddy yield significantly
at 95% level of confidence. These variables are irrigation dummy and amount of fertilizer
used. The coefficients of education and labor were found to be insignificant. The
irrigation dummy variable was included in the model to capture the effect of practicing
irrigation farming versus not practicing irrigation farming. The value of coefficient was
580.454 and was statistically significant at 95% confidence interval which indicates that
increasing the volume of irrigation water by 1% would increase paddy yield by about 580
kg. This finding supports studies done by Lipton (2007); Hussain (2005); Mwakalila
(2004) and Cosmas and Tamilwai (2005) who found that, the use of irrigation increases
crop productivity.

The amount of fertilizer per acre was another variable which significantly affect paddy
productivity. As shown in Table 19, there is a significant positive relationship between
amount of fertilizer used per acre and paddy yield per acre. Increasing fertilizer by
1kg/acre would increase paddy yield by 71.3 kg/acre. But this finding should be
interpreted carefully because there are necessary conditions for using fertilizer in order to
improve crop productivity as indicated by Abdoulaye and Sanders (2005); FAO (2002);
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Fox and Rockstrom (2000); Morris et al. (2007); Shah and Singh (2001); Smith (2004);
Wichelns (2003); Yao and Shively (2007) who conducted studies on the efficient use,
productive efficiency, technical change and adverse impact of the fertilizers use in
different areas.

Table 19: Summary of regression results
Unstandardized
Coefficients
B
Std. Error
488.85
199.92
580.45
101.82
65.42
188.05

Collinearity
Statistics
Tolerance
VIF

Model variables
t
Sig.
Constant
2.44 0.016
Irrigators dummy
5.70 0.000
Education
0.34 0.728
dummy
Amount of
0.71
0.41
1.72 0.000
fertilizer in kg
Labor(number of
-0.87
4.50
-0.19 0.846
people
employed)
F= 34.541significant at 95% level of confidence; R= 0.727; R2 = 0.529

0.475
0.964

2.106
1.037

0.720

1.388

0.858

1.166
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATION
This study was concerned with the economics of small-scale irrigation in Tanzania. The
study was conducted at Mkindo Farmer Managed Irrigation Scheme in Mvomero District,
Morogoro Region. The main objective of the study was to analyze the economic viability
and determine the impact of the irrigation scheme on household income and food security.
The specific objectives of the study were (i) To analyse the economic viability of the
irrigation scheme; (ii) To determine the impact of the irrigation scheme on household
income and income distribution; and (iii) To determine the impact of the irrigation scheme
on household food security. This chapter presents the conclusions and recommendations
emerging from the major findings of the study.

5.1 Conclusions
5.1.1 Economic viability of the Mkindo scheme
An investment project is said to be economically viable if the magnitudes of the net
present value (NPV), benefit cost ratio (BCR) and internal rate of returns (IRR) are
positive, greater than one and greater than the used discount rate respectively. Since the
calculated NPV, BCR and IRR values of the Mkindo irrigation scheme were positive,
greater than one and greater than the discount rate respectively, it can be concluded that
Mkindo the irrigation scheme is economically viable.

5.1.2 Impact of irrigation on household income
The findings of the study indicate that crop production contributes more to the total
household income compared to other income sources, implying that many farmers in the
study area depend on crop production as their main source of income. Furthermore
irrigators were found to obtain significantly higher income from crops compared to non-
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irrigators leading into significantly higher total household incomes among irrigators than
non-irrigators. Therefore it can be concluded that irrigation has had positive impact on
household income.

5.1.3 Impact of irrigation on income distribution
Gini index results indicate that Gini coefficient for irrigators was significantly lower than
that of non-irrigator, which implies that irrigation is inequality reducing leading into fair
income distribution among farmers practicing irrigation. Therefore it can be concluded
that irrigation had the positive impact on income distribution.

5.1.4 Impact of irrigation on household food security
The findings of the study show that irrigators were able to feed themselves from own
produced food for many months of the year compared to non-irrigators. Also the
proportion of irrigators who consumed three meals per day was significantly higher than
the proportion of non-irrigators who consumed three meals per day. Therefore, based on
food availability indicator, it can be concluded that, irrigation has positive impact on
household food security.

5.2 Recommendations
The following are recommendations based on the major findings of the study.

5.2.1

Promoting and up scaling small scale farmer managed irrigation schemes

The findings of the study indicate that Mkindo irrigation scheme was economically viable
and had positive impact on household income, income distribution and food security. This
suggests that it is worth investing in small scale irrigation schemes in the country. It is
therefore recommended that the government and development partners should promote
and upscale small scale irrigation in the country through increased resource allocation to
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irrigation projects. Irrigation development will bring about increased agricultural
production and consequently improve the well-being of the rural population. However,
ex-ante economic viability analysis should be carried for each potential irrigation scheme
before making investments.

5.2.2

Promoting fertilizer use

The results of the regression analysis indicated the coefficient of fertilizer use to have a
significant positive effect on productivity of irrigated crops. This suggests that, promotion
of smallholder irrigation schemes should be accompanied by creating awareness on
benefits of using fertilizer to boost productivity of irrigated crops among smallholder
farmers. But also, creation of awareness should be accompanied by strategies to ensure
timely availability of fertilizers in rural areas at affordable price.
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APPENDICES

Appendix 1: Questionnaire on Economic Viability and Economic Impact of Mkindo
Irrigation Scheme in Mvomero District, Tanzania
SECTION A. GENERAL INFROMATION
1. Questionnaire number: ………………………….…………….…………………….
2. Name of interviewer ……………………………………………………………….
3. Date of interview …………………………………………….….…………………..
4. Location of farm (Village)………………………………… ………………………
(Ward)……………………………………………………………………………….
5. Name of respondent ………………………………………………………………
6. Gender of respondent: male( ) Female( )
7. What is your tribe? …………………………………………………
8. How old are you? ………………………………………………….
9. What is your marital status? Married ( ) Single ( ) Widowed ( ) Others. Please
specify? ………………………………………………………………..……………
10. How long have you lived in this place? …………………………………………….
11. Are you a native of this area? Yes ( ) No ( ) if no; where did you
migrate……………………. And when ……………
12. What is the education level of household head? Primary ( ) Secondary ( ) College
( ) None ( ) Otherwise ( )
13. Household composition by age category.
Below 10
10-18
19-35
36-50
Above 50
Men
Women
14. Occupation of respondent i) Primary
occupation………………………………………ii) Secondary
occupation……………………………………………………………………
SECTION B: CROP AND LIVESTOCK PRODUCTION ACTIVITIES.
15. What types of crops did you cultivate during the last cropping season (fill in the
table below).
Nam Are Irrigated= Total Amoun Pric Amount
Amount Amoun
e of
a
1
outpu t sold
e per consume given
t of
crop (Ha) Rainfed=2 t (Kg) (Kg)
unit d (Kg)
away(kg crop
(Tsh
)
stored
/ kg)
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16. What types of livestock are you keeping?
Type of livestock

Number at the
beginning of
2011

Number sold
in 2011

17. Please fill the table below for 2011.
Type of
Product
Amount of
livestock
produced
product sold

Price per unit

Per unit
price (Tsh)
of the
product

IRRIGATION PRACTICES
18. Please fill the table below:
Total land owned by
Amount of land that can be
household
irrigated

Amount
given
away

Number
remaining at the
end of 2011

Amount
consumed

Amount of land that was
irrigated last season

19. What irrigation method do you use? Center-Pivot ( ); Drip ( ); Flood ( );
Furrow ( ); Gravity ( ); Rotation ( ); Sprinkler ( ); Sub irrigation ( );
Traveling Gun ( ); Supplemental ( ); Surface ( ) or otherwise; Explain
………………………………………………………………………………………
………………………………………………………………………………………
……...............
20. Water for irrigation is readily available? Yes ( ) or No ( ) if no, what mechanism
is used to ensure fairy distribution of water for irrigation to farmers?
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
21. What crops do you grow in irrigated land?
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
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Is there any crop that you grow and harvest twice a year? Yes ( ) or No (
what crop(s)? Please fill the table below:
Irrigated crop
Acreage
Output (specify units)
First crop
Second crop
Third crop

) if yes

SECTION C: ECONOMIC IMPACT OF THE IRRIGATION SCHEME
22. How much money did your household earn from the following non-farm income
sources in 2010/2011 cropping season?
Source of income
Monthly income in TSH.
Petty business
Wages and salaries (employment)
Retirement pensions
23. Has your agricultural income increased ( ), remained the same, ( ) or declined (
) after the commencement of the irrigation scheme?
24. For either a answer, provide above give an
explanation…………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
25.
26. How reliable is income obtained from agriculture now compared to the period
before irrigation? (i) Very reliable ( ) (ii) .Reliable ( ) (iii) Less reliable ( )
(iv) Not reliable at all ( ).
27. Would you say you spend more time now in the field compared to years before
commencement of the irrigation scheme? ( )Yes or( ) No
28. If you spend more time on the field now, what are the reasons for that?
……….….…………………………………………………………………………
………………………………………………………………………………………
29. How much time do you spend in the field per day?........................................
30. Please fill the table below.
Activity

Ploughing
Planting
Cultivating
Weeding
Fertilization
Spraying
Irrigating
Harvesting

Number of
persons

Number of days
used

Type of
labor
(family,
exchange or
hired labor)

Indicate if
fulltime,
partime or
both
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31. How do you pay them?
Type of payment Per hours
Amounts in
(Tsh)

Per day

Per week

Per month

32. Please provide information on variable costs of inputs (including hired labour)
used during last (2010/2011) season.
Crop/Livestock
Inputs used, amounts and costs
enterprises
Type
of Amount (specify Cost per unit
Total cost
input
e.g.(Bags/kg/litre) e.g. Tsh/Bag
1.

2.

3.

4.

33. Has the number of people employed in your farm
 increased (
)
 remained the same (
)
 Or declined (
) compared to the years before irrigation.
34. If the number of employees has either increased or decreased, please explain the
reason(s) for that.
……………………………….………....………………………………
………………………………………………..………….…………………………
………
……………………………………………..………….……………………………
………
FOOD SECURITY
35. Comparing the period before and after your involvement in irrigation, is your
household? (a) More food secure ( ) (b) no change ( ) (c) less food secure (
).
36. Do your household members sometimes go hungry? ( )Yes or ( )No
37. Are you able to feed yourself from own produced food throughout the year until
the next harvest? Yes ( ) or No ( ).
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38. If No, how many months in a year is your household able to adequately feed itself
from own produced food? Tick on the mentioned months.
Months
Put tick on the mentioned months
January
February
March
April
May
June
July
August
September
October
November
December
39. How many meals does your household consume per day? a) three ( )b) two( ) c)
one( ) d) sometimes no meal at all( ) e) other (
)(state)………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………
40. How much money does your household spend on food per month?
TSH…………...……………………………………………………………………
……..
41. Please rank the sources of food in your household in 2010/11 in order of
importance (Most important =1)
Source of food
Rank
Own farm production
Purchase
Given by
neighbours/friends/relatives
Government food relief
42. If you purchase food, how do you compare the amount of food purchase with the
amount you used to purchase before being involved in irrigation? (i) Increased (
) (ii) Remained the same ( ) (iii) Decreased ( ).
43. Please fill the table below.
Total Income
Income for
earned
food

Income for
health service

Income for
children
education

Others activity
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44. Please indicate household assets (and their value) which were purchased since you
started irrigated agriculture?
Type of assets
Number
Value
Physical e.g. land, livestock, new house construction or rehabilitation of old house etc
Land
New house constructed
(Indicate stage of new house)
Rehabilitation of old house
Livestock purchase
Equipment and tools acquired e.g. ox-carts, TV, radio, mobile phone, plough, hand hoe
etc
Other (specify)
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Appendix 2:

Questionnaire for Non Irrigator Farmers. Questionnaire on Economic
Viability and Economic Impact of Mkindo Irrigation Scheme In
Mvomero District, Tanzania

SECTION A. GENERAL INFROMATION
1. Questionnaire number: …………………………….……………………………….
2. Name of interviewer ……………………………………………………………….
3. Date of interview …………………………………………………………………..
4. Location of farm (Village)………………………………… ………………………
(Ward)……………………………………………………….
5. Name
of
respondent
…………………………………………………………………
6. Gender of respondent: male( ) Female( )
7. What is your tribe? …………………………………………………
8. How old are you? ………………………………………………….
9. What is your marital status? Married ( ) Single ( ) Widowed ( ) Others. Please
specify? ……………………………………………………………………………
10. How long have you lived in this place? …………………………………………….
11. Are you a native of this area? Yes ( ) No ( ) if no; where did you
migrate……………………. And when ……………
12. What is the education level of household head? Primary ( ) Secondary ( ) College
( ) None ( ) Otherwise ( )
13. Household composition by age category.
Below 10
10-18
19-35
36-50
Above 50
Men
Women
14. Occupation of respondent i) Primary
occupation………………………………………ii) Secondary
occupation……………………………………………………………………

SECTION B: CROP AND LIVESTOCK PRODUCTION ACTIVITIES.
15. What types of crops did you cultivate during the last cropping season (fill in the
table below).
Nam Are Irrigated= Total Amoun Pric Amount
Amount Amoun
e of
a
1
outpu t sold
e per consume given
t of
crop (Ha) Rainfed=2 t (Kg) (Kg)
unit d (Kg)
away(kg crop
(Tsh
)
stored
/ kg)
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16. What types of livestock are you keeping?
Type of livestock

Number at the
beginning of
2011

Number sold
in 2011

17. Please fill the table below for 2011.
Type of
Product
Amount of
livestock
produced
product sold

Price per unit

Per unit
price (Tsh)
of the
product

Amount
given
away

Number
remaining at the
end of 2011

Amount
consumed

SECTION C: ECONOMIC IMPACT OF THE IRRIGATION SCHEME
18. How much money did your household earn from the following non-farm/farm
income sources in 2010/2011 cropping season?
Source of income
Monthly income in TSH.
Petty business
Wages and salaries (employment)
Retirement pensions
19. How reliable is income obtained from agriculture now compared to other
activities? (i) Very reliable ( ) (ii) .Reliable ( ) (iii) Less reliable ( ) (iv) Not
reliable at all ( ).
20. For either a answer, provide above give an
explanation…………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………

86

21. How much time do you spend in the field? ……………………………………
22. Please fill the table below.
Activity
Number of
Number of days
Type of
Indicate if
persons
used
labor
fulltime,
(family,
partime or
exchange or both
hired labor)
Ploughing
Planting
Cultivating
Weeding
Fertilization
Spraying
Irrigating
Harvesting
23. How do you pay them?
Type of payment Per hours
Amounts in
(Tsh)

Per day

Per week

Per month

24. Please provide information on variable costs of inputs (including hired labour)
used during last (2010/2011) season.
Crop/Livestock
Inputs used, amounts and costs
enterprises
Type of Amount (specify Cost per unit
Total cost
input
e.g.(Bags/kg/litre) e.g. Tsh/Bag
1.

2.

3.

4.

25. Do you employ people during the farming season? Yes (
26. If Yes how many people? ( )

) No (

)
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FOOD SECURITY
27. Do your household members sometimes go hungry? ( )Yes ( )No
28. Are you able to feed yourself from own produced food throughout the year until
the next harvest? Yes ( ) No ( ).
29. If No, how many months in a year is your household able to adequately feed itself
from own produced food? Tick on the mentioned months.
Months

Put tick on the mentioned months

January
February
March
April
May
June
July
August
September
October
November
December
30. How many meals does your household consume per day? a) thrice ( ) b) twice(
) c) once( ) d) sometimes no meal at all(
) e) other
;explain………………………….
………………………………………………………………………………………
………………………………………………………………………………………
31. How much money does your household spend on food per month?
TSH…………...……………………………………………………………………
32. Please rank the sources of food in your household in 2010/11 in order of
importance (Most important =1)
Source of food
Rank
Own farm production
Purchase
Given by
neighbours/friends/relatives
Government food relief
33. Please fill the table below.
Total Income
Income for
earned
food

Income for
health service

Income for
children
education

Others activity
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34. Please indicate household assets (and their value) which were purchased since
2009?
Type of assets
Number
Value
Physical e.g. land, livestock, new house construction or rehabilitation of old house etc
Land
New house constructed
(Indicate stage of new house)
Rehabilitation of old house
Livestock purchase
Equipment and tools acquired e.g. ox-carts, TV, radio, mobile phone, plough, hand hoe
etc
Other (specify)
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Appendix 3: Discounted Cost and Benefit
Forecasted
Forecasted Cost Revenue
Net Revenue
47935150
84725000
36789850
47385750
205820000
158434250
94771500
224607500
129836000
80926780.64
450422920.6
369496140
77907470.41
488239270.2
410331799.8
77282094.76
511367824.6
434085729.8
77152563.63
525571870
448419306.4
77125734.45
534373334.9
457247600.4
77120177.45
539886670.1
462766492.7
77119026.45
543379286.9
466260260.4
77118788.05
545617011.9
468498223.9
77118738.67
547063284.7
469944546
77118728.44
548006063.1
470887334.7
77118726.32
548623459.7
471504733.4
77118725.88
549031117.5
471912391.6
77171123.25
549300822.1
472129698.9
77129578.62
549479543.6
472349965
78191024.33
549600403.7
471409379.4

Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Discounted net Revenue
32848080.36
126302814.1
92414700.26
234821476.9
232833283
219921340
202842121.4
184674636.9
166878236.5
150123325.1
134682044.2
120623060
107915223.6
96479210.19
86216629.59
77014581.08
68795099.35
61301882.47

