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ABSTRACT

The study on which this thesis is based investigated the impact of land size and farm

fragmentation on household welfare in Kilosa District. The specific objectives were to:

determine factors affecting household land size, assess the effects of farm size on

household income, determine the causes of farm fragmentation, and assess the effect of

farm fragmentation on agricultural productivity. Data were collected using a structured

questionnaire, which was administered to a random sample of household heads in the

study area. The area was demarcated into three strata, namely improved irrigation system,

traditional irrigation system and no irrigation practice at all. Statistical Package for Social

Sciences (SPSS) and Microsoft Excel programmes were used to analyse the data after

homoscedasticity and heterogeneity. It was found that land access, size and fragmentation

do negatively affect the household income which eventually affects household welfare. It

0.05), age of

household head (p 0.05). Farm fragmentation was

statistically described to be a function of average travel time from homestead to the farm

(p < 0.01), total land owned per capita (p < 0.01), number of crops grown by household (p

Agricultural productivity decreased with farm fragmentation hence the Schultz’s theory

which asserts an inverse relationship between farm fragmentation and agricultural

productivity was disproved. Land consolidation and installation of modern irrigation

structures are therefore recommended for improved productivity, increased income and

enhancement of welfare of farmers in the study area.

was found that owned land size is a function of adult equivalent unit (p <

< 0.05) and household income (p

< 0.05), total arable land per capita (p < 0.05) and means of land acquisition (p < 0.05).

ensuring that there was no violation of assumptions of normality, linearity,
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

It is unarguable that land sustains our lives, and we all depend on it in one way or another.

Be it biologically, economically or socially, the land is an imperative asset which keeps

its value progressively increasing. Land is the human habitat and a resource which cannot

be expanded, but keeps carrying an ever increasing human population (Furaha, 2008).

Land is an important asset in agrarian societies. It is an essential natural resource needed

for the survival and success of humans as well as for the maintenance of the global

ecosystems (FAO, 2008). Not every human user has equal access to land all the time, but

has endeavours of constant competition for it. This inequality in land access which exists

among users may not only be a hindrance to development but also causes social conflicts

and unrest (Deininger and Lyn, 1998). Inequality in land distribution has been found to

have a strong inverse relationship with economic growth and poverty reduction. For

instance, inequality in land distribution has been found to negatively affect future

economic growth (Quan and Koo, 1985), and even in the process of growth, poor

households appear to benefit less than wealthy households when income and assets are

distributed unequally.

Land access is the process by which land users either singly or collectively gain rights and

opportunities to occupy and utilize land on either a temporary or permanent basis (Jayne

et al.. 2003). Such an access enables family labour to be productive through farming, to

generate a source of food and provide livelihood (Jayne et al.. 2003). Land can be loaned,

rented or sold in times of hardship to provide financial security. At the same time, as a

heritable asset, land is a basis for wealth and livelihood security of future generations.
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The rules that govern access to land and the jurisdiction regarding how land is distributed

among members of a community influence how efficiently land is used, the incidence of

poverty, and the level of inequality in the community (De Janvry et al., 2001). A large

portion of land in developing countries is underutilized and/or even misused from a

sustainability point of view. Lack of access to land or unfavourable terms of access

remain a fundamental cause of poverty, while unmet demands for land can be a source of

political instability (De Janvry et al.. 2001).

Household welfare is a comprehensive and dynamic overall family situation ranging from

wellbeing, through meeting interests, attaining of the happiness and living substantial

level of satisfaction of its members to be considered good and vice versa Jayne et al.

(2003). Human wants are endless, and infinity is a path to self-esteem and actualization,

making it hard to affix clearly using empirical figures on a welfare scale. Household

welfare is derived by several indices including household income and its allocations,

agricultural productivity and produce value for those engaged in agriculture to mention a

few (Jayne et al., 2003). The agricultural productivity is affected by many factors

including farm fragmentation in terms of both number of pieces of land and size of the

pieces of land one accesses and use for production activities at exposure. Farm

fragmentation bears both magnitude and direction effects on farm productivity (Kakwagh

et al., 2011).

Throughout this thesis, the terms land access and land acquisition are non-technically

considered to be synonymous and are occasionally used interchangeably. The two terms

do not mean land ownership, which might need a legal status. However, contextually, the

three terms bear a sequential concept whereby land access results into land acquisition,

which does eventually lead to land ownership.
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The most common way of accessing a piece of land in Tanzania is through inheritance

(Ngeregere, 2008), which leads to farm fragmentation, which is a situation whereby

farmers operate two or more physically separated pieces of land, taking account of their

sizes and distance apart at the same time (Daniel et al., 2010; Wu et al., 2005). Other

means of land access is through government allocation, buying or renting in. Farm

fragmentation is a common characteristic of many developing countries (Todorova and

Lulcheva, 2005; Sabastes-Wheeler, 2002; Niroula and Thapa, 2007; Hung et al., 2007 and

Dijk, 2002). As used by several scholars, farm fragmentation is divided into two broad

categories depending on its causes: whether supply-side or demand-side causes (Bentley,

1987; Blarel et al., 1992).

The supply-side causes of farm fragmentation refer to an exogenous imposition on

farmers of a pattern of land areas as a result of population pressure, inheritance laws and

land scarcity (Hung and MacAulay, 2002). As the population increases, the size of

holdings falls, and farm fragmentation increases leading to small plots, scattered over a

wide area. The demand-side causes reflect varying degrees of farm fragmentation

positively selected by farmers so as to reduce risk from natural disasters such as floods,

droughts, and fire, promote crop diversification as well as to ease allocation of labour

over cropping seasons (Hung and MacAulay, 2002). The empirical evidence about the

effect of farm fragmentation on agricultural productivity is quite polarized. On one hand

there are arguments that consider farm fragmentation as an impediment to agricultural

productivity (Dirimanova, 2006; Najafi, 2003; Thomas, 2007; Thapa, 2007, Tan et al.,

2008) since it impairs agricultural productivity. Based on such arguments several

governments such as Rwanda and Bulgaria have even sought to promote a more rational

spatial allocation of land and developed policies which encourage land consolidation

(Bizimana et al., 2004 and Hung et al., 2007). Similarly, the evolutionary Theory of Land
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Rights asserts that population growth may also encourage more land consolidation

(Platteau, 1996). On the other hand the demand side arguments view farm fragmentation

as beneficial. According to this later viewpoint, farm fragmentation is not always

defective as it has empirically been evidenced in the studies by Kadigi and Mbiha (2000)

and Hung, et al. (2007). Farm fragmentation, can help farmers ease seasonal labour

bottlenecks, reduce risks and enhance their levels of food security (Kadigi and Mbiha,

2000).

Farm fragmentation has been a common feature of smallholder farmers in Tanzania

though not widely studied in the past. The empirical evidence on the causes of farm

fragmentation and its impact on productivity in Tanzania are documented only for the

Lake Zone based on the study by Kadigi and Mbiha (2000). This information is important

commercialized sector but also a sector following an inclusive growth pathway. It is from

this understanding that a study of farm fragmentation was undertaken in Kilosa District -

part of the Southern Agricultural Growth Corridor of Tanzania (SAGCOT), established as

part of the “Agriculture First” (commonly known as “Kilimo Kwanza” in Swahili)

initiative. In addition the district has experienced many conflicts over land uses,

especially between crop fanners and livestock keepers. Of most importance is perhaps to

understand the nature and impact of farm fragmentation on agricultural productivity and

overall issues of land tenure in the district.

1.2 Problem Statement and Justification of the Study

Tanzania has declared her desire to make abject poverty a thing of the past by the year

2025 (URT, 1999). The country’s Development Vision 2025 provides the framework for

achieving this goal. The vision has set targets for Tanzania to move from a less developed

as the country strives to transform her agriculture sector into not only a more
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country (LDC) to a middle-income country by 2025. Among other things, the goal of

eradicating abject poverty by the year 2025 will be achieved by ensuring sustainable

development of the agricultural sector. Countries with traditional agricultural structures

like Tanzania face small and fragmented plots (Khalil and Gholamhossein, 2008). Proper

land access has a vital impact on agricultural productivity and the country development at

large. In some cases farm fragmentation is viewed to be the main stumbling block for

agricultural productivity (Sabates-Wheeler, 2002). However, the impact of farm

fragmentation on welfare of the rural poor in Tanzania is neither determined nor

documented compared to other countries such as Ghana, Rwanda, Nigeria and China

where the phenomena is studied in depth (Kakwagh et al., 2011; Blarel et al., 1992). So

far, only one study on farm fragmentation has been done in Tanzania: the study by Kadigi

and Mbiha (2000) who evaluated the existence and impact of farm fragmentation in the

Lake Zone. While Tanzania is embarking on the Kilimo Kwanza and SAGCOT initiative,

initiative and the overall reforms in the agricultural sector are not adequately informed by

research findings, especially on existing land tenure issues and farm fragmentation.

Important is the fact that land constitutes one of the ten pillars of the Kilimo Kwanza

initiative that aim at transforming the agricultural sector from small scale to medium and

large scales.

While there is some empirical evidence on how farm fragmentation influences farm

productivity and profitability elsewhere in the world (see Blarel et al., 1992; Niroula and

Thapa, 2005; Tan et al., 2006; Niroula and Thapa, 2007; Gajendra and Gopal, 2005; Lan

2001; Hung and MacAulay, 2002; Dirimanova, 2006; Najafi, 2003; Thomas, 2007;

Thapa, 2007; Tan et al., 2008 ), and in the Lake zone of Tanzania (Kadigi and Mbiha,

2000), the evidence provided by these studies contain contradicting results-some

as a means to transform her agriculture into a modem and commercial sector, this
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suggesting positive impacts on land productivity and farm income (Bentley, 1987; Kadigi

and Mbiha, 2000; Tan et al., 2006) while others indicate negative relationships between

farm fragmentation and productivity (Lan 2001; Najafi, 2003; Gajendra and Gopal, 2005;

Shushao, 2005; Dirimanova, 2006; Thomas, 2007; Thapa, 2007; Tan et al., 2008). This

suggests that the causes and effects of both farm fragmentation and consolidation are

either not well known or situation specific, and there are no common solutions to address

the impacts of the two. The nature and level of farm fragmentation are therefore an

outcome of combined rather than isolated influences of supply and demand driven factors.

Recognizing this, the study idea was developed to evaluate the nature of farm

fragmentation and its impact on agricultural productivity in Kilosa District.

1.3 Objectives of the Study

Overall objective1.3.1

The overall objective of this study was to investigate the impact of land size owned by

household on income and the impact of level of farm fragmentation on agricultural

productivity to improve household welfare and eventually contribute towards national

development.

Specific objectives1.3.2

The specific objectives of the study were:

To determine factors affecting household land size in the study area,i)

ii) To assess the impact of farm size on household income,

iii) To determine the causes of farm fragmentation in the study area, and

iv) To assess the effect of farm fragmentation on agricultural productivity.
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1.4 Research Hypotheses

The study hypotheses were:

i) Household socio-economic, demographic, soil quality and agricultural factors

have no effect on household land size

ii) No correlation between household land size and household income.

Household socio-economic, demographic, soil quality and agricultural factorsiii)

have no effect on land fragmentation

Farm fragmentation has no effect on agricultural productivity (Value produce iniv)

Tanzanian Shillings/hectare).

In view of the above-highlighted research hypotheses, a number of test-hypotheses were

constructed and tested using various test statistics as detailed in the methodology section.

1.5 Limitations of the Study

Some limitations were encountered during data collection whereby a standard ori)

crops famers were familiar with local units Probing techniques were applied to be

able to convert local units into standard units. Where necessary actual measuring

was done to check and confirm the local units.

Moreover, the data collected relied on the farmers' ability to recall information onii)

crop production and sales from previous seasons. The lack of record keeping in

many households was a problem. In order to address this problem, respondents

were encouraged to consult other family members.

Price data from farmers varied greatly from one location to another for differentiii)

crops. To reduce inaccuracies in estimating agricultural productivity, the district

common scale to quantify both harvested and sold crops was lacking. For some
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crop price records were used. This was deemed important because many farmers

adopted intercropping which makes it hard to specify the area under each crop.

iv) Measuring of the farms was operationally challenging, but it was made easy by

using Global Positioning System (GPS) device with area calculation capability.

1.6 Scope of the Study

This study considered only the impact of farm fragmentation on agricultural productivity,

the relationship between land size and agricultural productivity and their impact on the

household income. Other farm fragmentation effects such as conflicts and production

efficiency were not part of the study.

1.7 Organization of the Thesis

This thesis is organized as follows: Chapter 1 is devoted for the introduction of the

research. Chapter 2 covers the literature review pertinent to the study. It reviews both the

theoretical (farm fragmentation is defined and its significance explained) and empirical

literature on the importance of land for the economic growth or development of the

African region is presented. In addition the chapter covers the review of tenure security

and access to customary land in Tanzania, land ownership and poverty reduction,

fragmentation, the impact of farm fragmentation on agricultural productivity and farm

income. Chapter 3 presents the overall methodology used by the study. Specifically the

chapter presents the study design, sampling techniques, sample size, data collection

procedure and data analysis. Chapter 4 presents the results of analysis and discussion of

factors that determine land ownership, causes of farm fragmentation as well as the impact

of farm fragmentation on agricultural productivity. Chapter 5 presents the key

contribution of the study, conclusions and recommendations and area for further research.

measures of land access, farm fragmentation externalities, measurement of farm
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 The Schultz’s Theory

Ever since the publication of Schultz’s theory (1964) which asserts the inverse

relationship between land holding size and productivity, there has been a debate about it

because of the general positive relationship belief (Niroula and Thapa, 2005). Despite this

fact, many researchers such as Ellis (2003) and Dijk (2002) have assumed that a

landholding is a single parcel and that there is no effect on accessibility to individual

farmers’ share of land when it is subdivided (Niroula and Thapa, 2005). But this

hypothesis may not be true in the context of Tanzania (particularly in Kilosa District) or

other in developing countries, where fragmentation of the land holdings leads to

fragmentation of several parcels of different attributes (soil quality, size and location)

valid under traditional agriculture. The inverse relationship has been weakened due to the

availability of size-neutral biotechnology such as seed and fertilizer, differences in

management input and adoption of new capital intensive technologies.

Land and Development2.2

The centre for social, political, economic well-being and life in general is land. Land and

other natural resources are important possessions for economic growth and development.

Most of the developing countries’ economies continue to rely heavily on agriculture and

natural resources for a significant share of their GDP, national food needs, employment

and export revenue. At the same time agriculture, natural resource utilization and other

land-based activities are the main sources of livelihoods, income and employment of the

majority of their people, and land is the basis of shelter in urban and rural areas (African

even though Thapa (2007) argues that several economists put the inverse relationship as
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Union, 2006). In rural areas of the developing world, reduced access to natural resources

such as land and water leads to poverty and intensified conflicts (Madulu, 2002). In

general, conflicts over natural resources are not only unique to developing countries; they

are present throughout the World (Kajembe et al., 2003). People everywhere in the world

compete for natural resources to enhance their livelihoods. To reduce competition over

the resources, there is a need to regulate means of accessing them and promote efficient

use for their sustainability. Land is not an exceptional.

Land Access and Farm Size2.3

Land access refers to land use rights (Jayne et al., 2003). Land or farm size per household

would, in the absence of serious barriers to access, be expected to be strongly positively

correlated with household size. The improvement of land access for smallholders is

achieved with difficulties even in land abundant countries (Jayne et al., 2003). Access to

agricultural land provides a way of food production which makes a primary contribution

to food security by making food readily available to the poor (Carter, 2003). Land access

reduces poverty through household income and food security, providing a buffer against

external shocks and frees up resources for investment (Carter, 2003). One can own land

through different ways including government land allocation, land inheritance, buying or

renting. The most common way of owning the land in Tanzania is through inheritance, a

process which leads to farm fragmentation through subdivision of parcels of similar

quality to heirs (Ngeregere, 2008).

An Overview of Farm Fragmentation2.4

Various factors are responsible for farm fragmentation. Among the main factors that have

directly or indirectly contributed to subdivision and fragmentation is the traditional

system of inheritance of land (inheritance laws), which divide a family’s land amongst the
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sons. As the population increases, not only does the size of holdings fall, but it is also

increasingly fragmented into small plots and scattered over a wide area (Gebeyehu, 1995).

The most common problems of fragmentation include the fact that fragmentation makes

supervision and protection of the land difficult. Farm fragmentation involves long

distances from home to parcels and between the parcels, loss of working hours, the

problem of transporting agricultural implements and produce and results in small and

uneconomic size of operational holdings (Webster and Wilson, 1980).

Several authors have tested empirically the effects of land fragmentation on the

performance of farms. For example, Jabarin and Epplin (1994) investigated the impact of

land fragmentation on the production cost of wheat in Jordan. In China, Nguyen et al.

(1996), Wan and Cheng (2001) and Tan et al. (2010) investigated the effect of land

fragmentation on the productivity of major crops, crop output of rural households and the

technical efficiency of rice producers in the South-East of the country respectively.

Kawasaki (2010) evaluated both the costs and benefits of land fragmentation in the case

of rice production in Japan, and Rahman and Rahman (2008) did a similar evaluation in

Bangladesh. Parikh and Shah (1994) investigated the influence of land fragmentation on

the technical efficiency of farms in the North- West Frontier Province of Pakistan, while

Manjunatha et al. (2013) carried out a similar investigation in India. In Europe, Di Falco

et al. (2010) analyzed how land fragmentation affects farm profitability in Bulgaria, and

Del Corral et al. (2011) analyzed how land fragmentation affects the profits of Spanish

dairy farms.

In most of these researches, farm fragmentation is measured by the number of plots and

or their average size. These two variables are employed, either directly or indirectly, by

the use of more elaborate measures, such as the Simpson index or the Januszewski index.
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In this study the impact of farm fragmentation on agricultural productivity is analyzed in

terms of farm fragmentation indicators (i.e. number of parcels owned per household,

parcel size and Simpson Index- SI).

These variables do not account for all dimensions of farm fragmentation, however, and

may not reflect all the constraints that farm fragmentation imposes on production systems.

There are few exceptions to the use of these sole variables. For example, Tan et al. (2010)

considered the average distance from the plots to the homestead, while Gonzalez et al.

(2007) used more elaborate measures of farm fragmentation (which accounted for the

size, shape and dispersion of plots) to study the productivity gains from land

consolidation. However, in the latter case, these measures were not tested on a real

sample of farms, but instead were applied to a hypothetical dataset of farms.

Externalities of Farm Fragmentation2.5

When farm plots are fragmented, the development of agricultural infrastructure such as

irrigation canals and farm roads becomes difficult, resulting into high costs, increased

negative externalities such as reduced agricultural productivity and land conflicts, loss of

land due to boundaries and a greater potential for disputes between neighbouring farmers

(Lan, 2001; Hung and MacAulay, 2002). Moreover, conflicts may arise over distribution

of irrigation water when canals are not properly aligned due to fragmentation of land

parcels (King and Burton, 1982). Some farm plots will have direct access to irrigation

water, while others have to depend on water draining out of plots with direct access to

canals, eventually undermining agricultural productivity, efficiency and competitiveness

of farms without direct access.
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2.6 Farm Fragmentation Measures

Even though it has been a common phenomenon, farm fragmentation has no common

measure since the concept means different things to different people and its degree differs

A distinction can be made between singleamong countries (Pham et al., 2007).

dimension indicators (parcel size, number and distance apart) and integrated indicators

such as Januszewski Index (K) and Simpson Index (SI) (Tan et al., 2006), but it is still

difficult to clearly determine when farms are highly fragmented or less fragmented (Pham

et al., 2007) because farm fragmentation is differently perceived by people. For example,

the same farm acreage can be considered as less or highly fragmented under different

circumstances.

The majority of authors have used two simple measures to assess farm fragmentation.

These are the average number of plots per household and the average parcel size (Bentley,

1987). However, some authors have considered that farm fragmentation should be

measured by six parameters: farm size (total holding), the number of plots, plot size, plot

shape, spatial distribution and the size distribution of the fields (King and Burton, 1982;

Bentley, 1987). The most preferred measure of farm fragmentation is the use of several

single indicators into one index. The most popular integrated indicators are Januszewski

index (K), Simpson index (SI) and Rembold’s approach, though the first two indices fail

to account for farm size, distance and parcel shape (Blarel et al., 1992) and the latter fails

to account for the number of plots and the spatial dispersion (distance) of the plots

(Rembold, 2004).

size. The index ranges between 0 and 1. One (1) implies that the farmer holds all his land

Jy a
The Januszewski index (K) is defined as, K = - where ‘a’ represents the parcel
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in the form of a single plot. Specifically, the Januszewski’s index measures the number of

plots and the size distribution of the plots.

; where, SI is

the Simpson index, Ai is the area of plot i and A is the total land area. A value of zero

indicates complete land consolidation (one parcel only), while the value of one is

approached by holdings of numerous parcels of equal size.

mechanization is considered most efficient on rectangular plots. In this study the Simpson

Index (SI) is chosen with other two single indicators (number of parcels and average

parcel size). The drawback of SI was eliminated by measuring parcel size and distance to

parcels.

Farm Fragmentation and Agricultural Productivity2.7

farmFarm

characteristics have an effect on agricultural productivity (Okezie et al., 2012). The

either cause positive

fragmentation is considered to be an impediment to agricultural productivity. It can be a

major obstacle to agricultural development because it hinders agricultural mechanization,

causes inefficiencies in production, and involves large cost to alleviate its effects (Wan

and Cheng, 2001). However, farm fragmentation is not always defective (Bentley, 1987;

Kadigi and Mbiha, 2000; Tan et al., 2006; Sherlund et al., 2002) since it can help farmers

reduce risks, ease seasonal labour bottlenecks and enhance their levels of food security.

The Simpson Index (SI) is mathematically defined as: SI = 1 - . A2

effects imposed by farm fragmentation on agricultural productivity are mixed; it can

or negative effects (Rahman and Rahman, 2008). Farm

Moreover, shape is an essential parameter when mechanization is required as

fragmentation, external factors, agro-ecological environment and
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2.8 Land Access and Gender Issues

In most of African societies, males dominate in decision making (Duze and Mohammed,

2006). Since men are influential in decision making, the type of land use will be

determined by men who are also the land owner. African societies, parents bequeath part

of the land to their sons while this is not common for daughters hence male headed

households are likely to have more access to land than female headed households (Jayne

et al., 2003).

Constitutional rights for women are frequently jeopardized by some conflicting laws and

long-standing African traditional practices (FAO, 2010). For example in several parts of

Tanzania, there is land insecurity amongst small land holder farmers, especially women

(Mugabi, 2013) while increasing women’s access to land is crucial to fight hunger and

poverty (Elis and Freeman, 2004). However, not only in Africa, but gender disparities in

land access remain significant in most countries, regardless of their level of development.

Gender inequalities in land rights are pervasive (Jayne et al., 2003). Not only do women

have lower access to land than men they are also restricted to so-called secondary land

rights; meaning that they hold such rights through male family members. Women thus

risk losing entitlements in case of divorce, widowhood or their husband’s migration.

Evidence also shows that women’s parcels are generally of smaller size and lower quality

(Jayne et al., 2003).

women (FAO, 2010). The situation is particularly severe in Western and Central Africa

and Near East and North Africa where less than 10% of landholders are women. The

situation slightly improves in Asia, Eastern and Southern Africa and in parts of Latin

Agricultural census data shows that less than 20% of landholders internationally are
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America, where women seem to have somewhat better access to land. In some countries

up to 30% of land titles are held by women. Only in a few countries land is almost equally

divided between women and men with Latvia and Lithuania top the list by having more

than 45% of land titles being held by women (FAO, 2010).

Importantly, women smallholders who have increased tenure security may be more

productive than do women who face tenure insecurity. Increased productivity often leads

to higher household incomes (Elis, 2003). With increased income, women can develop a

greater voice in financial decision making within households. This means that they are

empowered to choose how to use any additional income they generate and they do use it

to invest in their children’s health and education. Less than one quarter of agricultural

land holdings in developing countries is operated by women (Elis, 2003). Low female

access to and control of land do significantly obstruct access to financial assets, including

but not limited to credit and savings institutions (FAO, 2010).

Farm Size and Land Productivity2.9

The debate about the relationship between farm size and land productivity started with

Sen (1962) in India. Subsequently, several studies have been done to prove or reject the

assertion of the inverse relationship between farm size and land productivity in South

Asian and in some other developing countries. The studies using Indian data, which found

inverse relationship, include that of Sen (1966); Mazumdar (1965); Saini (1971);

Bharadwaj (1974); Chaddha (1978); Ghose (1979); Bhalla and Roy (1988) just to

mention few. The studies which did not find inverse relationship or had inconclusive

results include those of Bhattacharya and Saini (1972); Saini (1980); Bagi (1987);

relatively backward agriculture, but it breaks down with the advancement in technology.

Deolalikar (1981) and Roy (1981). Dyer (1991) states that, the relation may hold in a
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Hossain (1977); Berry and Cline (1979) and Herdt and Mandac (1981) found the inverse

relationship to hold in Indonesia, the Philippines and Bangladesh respectively. Studies

using efficiency analysis in developing countries have also shown mixed results of the

kind found in studies discussed above that have used the size and productivity

relationship to resolve the debate. In case of Indian agriculture, Khusro (1964); Sahota

(1968); Sidhu (1974); Huang and Bagi (1984) and Kalirajan (1991) concluded that

productive efficiency did not differ across different farm size categories. Yotopoulos, et

al. (1970); Yotopoulos and Lau (1973) and Bagi (1987) found negative relationship

between farm size and efficiency. Bravo- Ureta and Evenson (1994) and Pinheiro (1992)

found no relationship between farm size and efficiency in agriculture sectors of Paraguay

and the Dominican Republic, respectively.

Measuring Farm Size2.10

Obtaining a universally accepted definition of farm size has been one of the problems

encountered in farm size and efficiency studies (Mbowa and Nieuwoudt, 1998). A review

of literature, however, suggests that numerous definitions of farm size have been adopted,

ranging from acreage, value of farm products sold, days worked off-farm (for small-scale

farms), level of farm income, to the level of total family income (Mbowa and Nieuwoudt,

1998). Farm size has commonly been taken to be synonymous with farm acreage because

it can easily be ascertained and is easy to understand (Mbowa and Nieuwoudt, 1998).

However, Britton and Hill (1975) state that when it becomes necessary to specify the

criterion of size of a farm as a business, acreage is shown to be rather an unsatisfactory

indicator of business size. This is because the proportions in which land and other factors

(labour, capital and so forth) combine in production vary between types of farming and

also between farms of the same type. Britton and Hill (1975) argue that the ‘best’ unit of



18

measurement of farm size and size of enterprises within farms will depend on the purpose

for which the measurement is to be used. Kay (1981) suggests that the number of acres

should be used only to compare farm sizes in a limited geographical area where farm

type, soil type, and climate are very similar. In this study, area operated was used as a

measure of farm size as agricultural potential appears fairly homogeneous in the area. In

most cases land can be measured per household or per capita. Measuring land holding

per capita shows how accurately the households are either land rich or land poor (Jayne et

al., 2003). Huang (1973) questions whether average farm size variation is a purely

random phenomenon, primarily determined by non-economic variables such as laws of

inheritance, historical consequences of landlord-tenant relationships, or government

policies restricting or increasing area operated.

Property Right2.11

Variants in forms of land tenure cause a range of optimal farm size in countries at various

stages of economic development (Heady, 1971). Tenancy and small-sized farms are

generally related in terms of the problems that they generate (Medina, 1980). Communal

land tenure creates incentive problems to invest in land improvements, and tenancy

arrangements that restrict farm sizes affect farm productivity (Lyne and Nieuwoudt,

1991).

Some authors (e.g. Johnson, 1972; Barrows and Roth, 1990) state that the traditional

African system of ‘communal’ land tenure has been empirically demonstrated by

economists as inefficient when land has scarcity value. Since property rights are not broad

enough, costs and rewards are not internalized, and contracts are not legal or enforceable

superior because owners are given incentives to use land efficiently and leads to the

(Barrows and Roth, 1990). Individualized freehold tenure, on the other hand, is viewed as
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maximization of agriculture’s contribution to social well-being (Barrows and Roth, 1990).

Johnson (1972) further argues that in situations where individuals cannot sell land, the

value of investment to the farmer declines because of lost flexibility in converting a fixed-

place asset into another asset form.

2.12 Land Tenure and Customary Land Rights in Tanzania

Landholding in Tanganyika before colonialism was based on customary laws and land

title based on tradition and customs of the respective ethnic groups. Generally, land

ownership was communal, owned by families, clans or ethnic groups whereby chiefs,

headmen and elders had the powers of land allocation and confiscation, especially for the

public interests (Fimbo, 2004).

These powers continued through the colonial era though they were limited by the newly

introduced German and later the British land tenure system under which all lands were

declared to be crown or public land respectively. To date, the customary land tenure is

still in place, but since 1963 the chiefs, headmen and elders have been replaced by elected

village councils. Tanzania was under German colonial rule from 1884 to 1916 and under

British rule from 1917 to 1961. The country attained its independence in 1961.

Tanzania’s historical experience points to the fact that land control by communities was

more of concern than land ownership prior to colonialism. Since there was abundant land

available for everybody’s needs, the issues of having land for use and production by each

homestead were given priority over ownership. Also history reveals that community

therefore, not individualized but was provided in a collective way through clan and ethnic

leadership, Ngeregere (2008).

leadership in whose hands land was vested guaranteed access. Land tenure security was
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Tanzania undertook land tenure reforms in 1990s. A Presidential Commission of Inquiry

into Land Matters, established in January 1991, submitted its report in November 1992

and a National Land Policy was passed in 1995 and new land laws were enacted in 1999.

The new laws reaffirmed that all land in Tanzania would continue to be public land,

vested in the President as trustee for, and on behalf of, all citizens of Tanzania. Land was

categorized as: general land, village land and reserved land. The law establishes a

certificate for village land and designates the elected Village Council as trustee for land.

Most land in Tanzania is held under customary tenure arrangement with rules and

institutions specific to various ethnic groups and geographies. Statutory law and in some

places Islamic law also govern land administration. Individual households’ plots are

registered as individual customary holdings but land is held and registered by the village

(Fimbo, 2004). Land allocated by a village council “whether made under and in

pursuance of a law or contrary to or in disregard of any law” is confirmed to be held

under customary right of occupancy (Fimbo, 2004). These provisions have promoted the

holder of customary right of occupancy from a bare licensee to a rights holder.

Measures of Farmer’s Welfare2.13

There are several approaches used to measure the welfare of farmers. These include

income, asset and expenditure based measures. Income is generally considered less

desirable than consumption-based measures of welfare, but in a situation where there is

no record keeping and continuity of data, income is the welfare indicator that is easy to

recall and its availability is consistent (Jayne et al., 2003). This study adopted income as a

income earned by resident household members from January to December. It includes

retained production, agricultural sales and micro-enterprise income minus the cost of

purchased agricultural inputs and non-family labour. This is the very definition employed

measure of welfare. Jayne et al. (2003) defined household income as “the net value of
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in this study. The income from perennial crops earned in that year and livestock and their

products sold in the very year as well as land rents and remittances were accounted.

2.14 Measures of Agricultural Land Productivity

Agricultural productivity has been differently defined by several scholars with reference

to their own views and disciplines. The most outstanding ones are agriculturalists,

agronomists, economists and geographers. For example, economists define agricultural

productivity as output per unit of input or output per unit of land (Dharmasiri, 2008).

Agricultural productivity may be defined as the ratio of index of agricultural output to the

index of total input used (land, labor and capital) (Dharmasiri, 2008). Land productivity is

a very important factor in agriculture; it is the most permanent and fixed factor among the

three categories of input; land, labor and capital (Dharmasiri, 2008; Dharmasiri, 2010).

Productivity measures the ability of an input to produce a certain level of output (Harsh et

al., 1981). Agricultural land productivity shows how efficient a farmer is in the use of that

particular input, given the range of alternative technologies at exposure. The productivity

measure is given by the average physical product of the input which itself is defined as

total physical product divided by the total amount of the input used in production (Ellis,

2003). Productivities are usually multiplied by the output price. Farm productivity can be

calculated for one or several crops. For one crop, physical product will be preferred to

value products while for multiple crops; aggregation is required using product prices and

thus the preference for the value product (Ellis, 2003).

Kilinio Kwanza and Other Agricultural Initiatives in Tanzania2.15

to accelerate agricultural transformation. It comprises a

-7

Kilimo Kwanza (Agriculture First) is a national slogan to elaborate nation’s commitment ...... ....r
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and strategic interventions towards addressing the different sectoral challenges and taking

advantage of the numerous opportunities to modernize and commercialize agriculture in

Tanzania (Ngaiza, 2012). Kilimo Kwanza is comprised of ten pillars for implementation

and it is the pillar number five from which this study is founded. The ten pillars are:

National vision, Financing, Institutional reorganization for management, Paradigm shift

to strategic framework, Land access, Incentives, Industrialization, Science and technology

and human resources, Infrastructures development and Mobilization of Tanzanians. Pillar

number five (Land for Kilimo Kwanza) mainly dealt with land access issues and Village

Land Act No. 5 of 1999 was the focus of the pillar (Ngaiza, 2012).

Other initiatives implemented over the past years with the aim to improve the

performance of the agriculture sector in the country include strategic frameworks such as

Tanzania Development Vision 2025 (TDV 2025), National Strategy for Growth and

Reduction of Poverty (NSGRP/MKUKUTA and ZSGRP/MKUZA), Agricultural Sector

Development Strategy (ASDS), Agricultural Sector Development Programme (ASDP),

Comprehensive Africa Agriculture Development Programme (CAADP), Tanzania

Agriculture and Food Security Investment Plan (TAFSIP) and Southern Agricultural

Growth Corridor of Tanzania (SAGCOT). All have been putting emphasis on agricultural

transformation from subsistence to commercial one.

Tanzania adopted the ASDS in 2001, the ASDP in 2003, and the Agricultural Sector

Investment Programme in 2005 - though all the cases progress in implementation was

slow. Kilimo Kwanza was declared in 2009 as a means of accelerating the implementation

of existing approaches and programmes regarding the modernization of agriculture.

Kilimo Kwanza is a strategic programme that is focused on increasing agricultural output

and strengthening food security in Tanzania. It is anchored on ten pillars among, which is
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land. Land distribution and allocation has been identified as Pillar No. 5 of Kilimo

Kwanza. Kilimo Kwanza and ASDP have similar objective. One of the objectives of

Kilimo Kwanza was to modernize and commercialize agriculture for peasant, small,

medium and large scale producers through emphasis on productivity and tradability which

is much similar to the ASDP objective of sustaining agricultural growth rate of 5% per

annum primarily through the transformation from subsistence to commercial agriculture

(ASDP, 2003).
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CHAPTER THREE

3.0 RESEARCH METHODOLOGY

3.1 Conceptual Framework for the Study

The conceptual framework for this study consists of two main components: the

independent and dependent variable identification and description. The components were

used to analyze the impact of land size and farm fragmentation on agricultural

productivity and household income. The independent variables represent a portfolio of

livelihoods capital that farmers are endowed with. These include human capital

(education, age, marital status, sex and nativity), natural capital (land), physical capital

(machinery and structures), and financial capital (income). All these independent

variables constitute the building blocks from which livelihood is constructed. The

variables are essential for the pursuit of any livelihood strategy and can be used for

analyzing land issues as key variables that explain how land is accessed and utilized.

Land rights, like any other property rights, are social conventions backed up by the power

of the community at different levels from village to national level that allow individuals

or households to access land. The government plays an important role of overseeing land

accessibility, land tenure security and the ability to share the right to others through

inheritance, borrowing, renting or purchasing. Land access causes subdivision of parcels

widely scattered over long walking distances. The outcomes of land access and farm

fragmentation are largely reflected through agricultural productivity and household

welfare. These effects are well captured in the conceptual framework presented in Fig. 1.
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INDEPENDENT VARIABLES
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Inheritance lawsBuying Renting Government
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Figure 1: Conceptual framework for the study
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3.2 Description of the Study Area

3.2.1 Location and size

Kilosa District (Fig. 2) is one of the six districts that constitute Morogoro Region. The

district is located in East Central Tanzania, 300 km West of Dar es Salaam and is found

between latitudes 5°55’ and 7°53’ South of the Equator and between longitudes 36°30’

and 37°30 East of the Greenwich. The district borders Mvomero District to the East,

Kilombero and Kilolo Districts to the South, Kiteto District (Manyara Region) and

Kilindi District (Tanga Region) to the North; and Mpwapwa District (Dodoma Region) to

the west.

Kilosa District covers a total area of 14 245 km2, of which 536 590 ha (5365.9 km2) are

suitable for agriculture, 483 390 ha are under natural pasture, 323 000 ha are covered by

Mikumi National Park, 80 150 ha are covered by forests and 14 420 ha are urban areas,

water and swamps (Kimaro, 1989).

3.2.2 Socio economic profile of Kilosa District

Kilosa District is endowed with geographical factors that favour agricultural activities

including livestock keeping. With her abundant rivers and water streams, most part of the

district is green almost all year round, experiencing influx of peasants and pastoralists

from various arid parts of Tanzania. Shinyanga, Dodoma, Arusha, Singida, Mwanza, and

Tanga are amongst the regions that make a portion of immigrants to the area. Pastoralists

from Ihefu wetland in Mbeya region who were evicted without preparations for

alternative resettlements added to increased population of the district (Bernard et al.,

2008). The major crops grown in Kilosa District are paddy, maize, beans, cassava, sweet

potatoes, ground nuts, coconut, cowpea, pigeon pea, banana, sisal, sugar cane, cotton,

sunflower, sorghum, okra, onion, tomatoes, amaranth, sesame, oranges and mangoes.
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Figure 2: Map of Kilosa District showing the study area
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According to the 2012 Population and Housing Census (PHC), the district’s population is

438 175 persons (NBS, 2013) out of whom 218 378 were males and 219 797 were

females, with an average of 4.2 persons per household. The district has a population

density of 30.75 persons per km2, which is slightly below the national average of 51

persons per km2 and the average for Morogoro Region (31 persons per km2). According

to agriculture sample census 2007/2008, the majority (55%) of the 120 800 agricultural

households in Kilosa District are engaged in crop farming. The district farming land is

more populated, with a population density of 44.91 persons per km2, compared to the

overall district population density of 30.75 persons per km2 (NBS, 2013).

In 2009, Morogoro Region was declared a national grain basket by His Excellence

President Jakaya Mrisho Kikwete (Ihucha, 2009). Kilosa being not only one of the

districts found in Morogoro region but also among the districts with a great potential for

economic development in Tanzania was therefore selected for this study. The district has

comparatively higher income compared to many other districts in the country (PHDR,

2005). For instance in the year 2007, based on Tanzania Mainland contribution to the

Gross Domestic Product of Tanzania, Kilosa ranked 6th with a contribution of 5.4 percent.

Also, according to the Agriculture Sample Census of 2007/2008, the district had the

highest number of agricultural households in Tanzania Mainland (120 800), of which (71

022) were crop producing households, constituting the largest number in Morogoro

region compared to other districts (e.g. the agricultural households in Morogoro Rural

Kilombero). Households engaged in crop production in urban areas were few since the

majority were engaged in other economic activities like wage employment and trade. The

low number of the households engaged in crop production in Kilombero may be

were 88 453, Mvomero 56 520, Ulanga 35 535, Morogoro urban 6 312 and few in

3.2.3 Selection of the study area and justification
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associated with presence of sugar industry and influx of farmers from town who cultivate

in the area but do not reside there. The district was also selected to be among the pilot

districts for implementation of the “Kilimo Kwanza" initiative in Tanzania.

3.3 Sampling Procedure

The study employed a cross-sectional research design which enabled the researcher to

collect data at a single point in time. According to Babbie (1990), this design is the most

appropriate for household surveys as it facilitates identification of the population of

interest and is cost effective and less time consuming. The cross-sectional research design

recommended for descriptive studies and more specifically for studies that analyze the

relationships between and among variables at a particular point in time (Babbie, 1990 and

Bailey, 1998).

The study was conducted in three divisions (Kimamba, Magole and Mikumi) out of nine

registered divisions in Kilosa District before establishment of Gairo District which

dissolved the Gairo division. However, the used demographic data of Kilosa District such

as population, agriculture sample census and land size of the study area included the then

Gairo division. The divisions, wards and villages were purposively selected basing on the

existence of irrigation infrastructure which influenced land demand. Irrigation

infrastructures increase land value which leads to farm apportioning among the farmers

who buy or rent it. This study consisted of three different strata of farmers, namely those

who a) do not irrigate, b) irrigate by using traditional irrigation system, and c) irrigate by

using the modern irrigation system. Farmers in Kimamba use traditional irrigation

systems while in Mikumi farmers use improved irrigation systems. Farmers in Magole do

not use irrigation, but the division was selected in order to attain representativeness of the

was adopted in order to get qualitative and quantitative information. The technique is



30

three strata of the study. The sample wards were Rudewa, Msowero, Dumila and Malolo

and the sample villages were Peapea, Gongoni, Mvumi, Kwambe, Mkundi, Mgogozi and

Malolo A. Both wards and villages were selected randomly from the strata they belong.

The sampling frame constituted households undertaking agricultural activities in seven

villages of Kilosa District. The list of households undertaking agricultural activities in

2011/2012 cropping season were obtained from the village leaders. From the village

registers, the sample households were randomly selected. The unit of analysis was a

household, which is defined by URT (2003) as a person or group of individuals who live,

eat together and share common living arrangements. The heads of household were

interviewed because they were considered as the ultimate and main decision makers for

the land use and other farm operations.

Determination of Sample Size3.4

The determination of sample size is an imperative aspect in research. The sample size

needs to be statistically adequate. Several authors have recommended a minimum sample

size of at least 5% of the study population; provided that the sample size is not less than

30 units (Bailey, 1998). The sample size for this study was at least 30 respondents per

stratum resulting to a total sample size of 150 household head respondents.

Data Collection3.5

Both primary and secondary data were collected from the study area. The secondary data

such as population, crop prices and area under crop production, were obtained from key

informants [District Agricultural and Livestock Development Officers (DALDOs),

farmers, Village and Ward Extension Officers, village government leaders, leaders of

farmers and village elders].
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The primary data were collected using a structured questionnaire (Appendix 1) whereby

both qualitative and quantitative data were gathered. The questionnaire contained both

closed and open ended questions and was used to collect information about household

characteristics, land ownership, number of parcels owned, parcel size, household income

and agricultural production. To verify the accuracy of the land area household declared in

their possession, the parcels were physically counted and measured using a handheld

Global Positioning System (GPS) device with area calculation capability on completion

of any enclosed walk.

3.6 Data Analysis

The analysis of data in this study was done based mainly on descriptive statistics

including computation of means and percentages complemented by the use of Analysis of

Variance (ANOVA), Pearson product-moment correlation and multiple regression

models. The latter was used to evaluate the effects of farm fragmentation on agricultural

productivity, identifying the main causes or factors which determine or influence land

there were significant differences between some variables, and Analysis of Variance was

used to identify the source of variation in land size and farm fragmentation issues.

3.6.1 Analysis of factors that determine land size

A multiple linear regression model was used to assess the factors that determine size of

land used by household. Land size was measured in terms of per capita as follows:

 (1)

Where N = household size

Land
N

Area
N

access and farm fragmentation in the study area. A T-test was conducted to ascertain if
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Hypothesis 1:

Ho: household socio-economic, demographic, soil quality and agricultural factors have no

effects on household land size

Hr. household socio-economic, demographic, soil quality and agricultural factors have

effects on household land size. This hypothesis was tested using the following multiple

regression model:

(2)Y - Z?o + + ... + /?9Ar9 +si

Where Y = Land size in hectare per capita used by household

The statistical hypotheses for the above model were:

(3)

(4)Hx : At least one of the /3S * 0

For multiple regressions, the valid sample size (A) should be large enough such that

(5)N >50 + 8/77 (Pallant, 2005):

Where m is the number of independent variables to be included in the model. The

variables used in the multiple regression analyses are presented in Table 1.

X5
X6
X7
X8
X9

Continuous
Number of years
1 Inheritance, 0 otherwise
1 If native, 0 otherwise 
Minutes

+/-
+
+
+

+
+

(TAS)
1 If good, 0 otherwise
1 If male, 0 female 
Number of years

Definition____________
Annual household income 
Perceived soil quality 
Sex of household head 
Years in school for 
household head 
Adult equivalent unit 
Age of household head 
Mode of land acquisition 
Origin of household head 
Time spent to parcel

Table 1: Variables used in the Multiple Regression for household land size
Variable Definition______________ Measure_________________ Expected sign
X!
X2x3
X4
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3.6.2 Farm fragmentation

Hypothesis 2:

Hq'- household socio-economic, demographic, soil quality and agricultural factors have no

effects on farm fragmentation

Hr. household socio-economic, demographic, soil quality and agricultural factors have

effects on farm fragmentation.

This hypothesis was tested using multiple regression models. A multiple linear regression

model was used to determine the causes of farm fragmentation. Farm fragmentation in

this study was measured by three fragmentation indicators (Simpson index, number of

parcels owned, and average parcel size).

Yi\ ~Po +P\X\ +•••••++e, (6)

Y,2 ~ Pa +P%\ +'' • • -++ei (7)

Yi3 = P0 +P^\ +‘' • ’ -+ PiXi +ei (8)

Where:

= Simpson Index (SI)

%2 =Number of parcel owned

Yti = Average parcel size

The statistical hypotheses for the above model were:

Ho:/?1=>92=/?3=... = /?8=0 (9)

: At least one of the * 0 (10)
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The variables used in the multiple regression analyses of farm fragmentation are presented

in Table 2.

Table 2: Variables used in the Multiple Regression for farm fragmentation

Variable Description Measure

Land fragmentationY

+

+

Xu

3.6.3 Relationship between land size and household income

The Pearson product-moment correlation was used to explore the strength of relationship

between household land size and household income. As indicated by Pallant (2005),

linearity, normality, homoscedasticity and presence of outlier were checked before

running correlation analysis in order to meet correlation assumptions. Pearson correlation

provides both direction (positive or negative) and the strength of relationship. A positive

correlation indicates that as one variable increases, so does the other. A negative

Xi
X2
x3

Sex of household head 
Age of household head 
Agricultural training for 
household head
Origin of the household head 
Annual household income 
Number of crops planted 
Perceived soil quality 
Mode of land acquisition

Adult equivalent unit
Marital status of household head

Education level of household 
head
Average travel time
Total owned land per capita
Whether irrigates
Total arable land per capita

Minutes 
ha/capita 
1 = yes, 0 = no 
ha/capita

+
+
+

X9
X10

X12 
x13 
X14 
XI5

(SI, number of parcels, 
average parcel size) 
(1= male, 0 = female) 
Years
(1= trained, 0= not 
trained)
(1= native, 0 = immigrant) 
TAS
Number
1 = good, 0 = poor
1 = inherited, 0 = 
otherwise
Number
1 = Married, 0 = 
otherwise)
Number of years in school

Expected 
sign

X4
X5
X6
x7
X8

+/-
+/-
+
+
+
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correlation indicates that as one variable increases, the other one decreases. This test is

applied for interval level (continuous) variables. It can also be used if one variable is

continuous and the other variable is dichotomous. It is possible to compute the coefficient

of determination, and also examine the effective size of the correlation.

Hypothesis 3:

Ho- No correlation between household land size and household income.

Hr. There is correlation between household land size and household income.

The statistical hypotheses for the above model were:

(H)

(12)Hx : r * 0

3.6.4 Relationship between farm fragmentation and agricultural productivity

The approach used was to first explore the relationship between land fragmentation

indices (Simpson Index, parcel size and number of parcels) and agricultural productivity.

Correlation analysis provides an indication that there is a correlation between two

variables. It does not, however, indicate that one variable causes the other. This implies

that correlation is not the same as causality. Many authors (e.g. Pallant, 2005) have

argued convincingly that there

correlation coefficient: non-linearity relationship, presence of outliers, restricted range of

score, and statistical versus practical significance.

The f 'cond step was to carry out a multiple regression analysis of agricultural

produ ivity (the dependent variable) against the factors considered to influence farm

are a number of factors to consider when interpreting a

7/o:r = O
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fragm ntation (the independent variables). The following standard multiple regression

mode! .vas used:

+ (3}X{+ P2X2+... + PkXk+ei (13)

When

Y = A ricultural land productivity (Tanzania shillings per hectare)

Varioi s statistical hypotheses were tested here:

(14)H :r = 0 

(15)H :r*0 

(16)= A=o 

(17)H : At least one of the /3S * 0 

Predictive Modelling3.7

There ire several steps used to predict models depending on the purpose of modelling

(Mosl y, 2005; Oracle, 2008). The principle of parsimony in predictive model

constr ction is necessary to improve prediction. In social science research, there are five

basic cays of selecting variables to explain dependent variables in a regression model

(Schui rman, 1983). Harrell (2008) hypothesized that, in order to avoid over-fitting, the

follow ng situation should be met:

(18)

When p is the number of parameters in the full model or candidate parameters in the

step-v se analysis, n is the sample size i.e. the valid cases included in the model. For

exam] e, in this study where the sample size was 150, the maximum number of the

param ters (p) in the regression models should be 9. The five ways of selecting the

p<’ 
1
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parameters to be included in any regression model are narrated as follows: one way is to

compute a separate regression equation for every possible subset of independent variables

and then select the equation with relatively large R2 and relatively few variables.

Generally, this approach is very cumbersome, for example with p independent variables

there are 2P-1 possible equations. So this approach is rarely used, and was not used in this

study.

Another way is to look at the ordinary correlation of each independent variable with the

dependent variable (zero order correlation) and then select those with high correlation.

Unfortunately, this approach fails to take into account the fact that these correlations may

overlap. This approach also was not used in this study.

Another approach is the use of the stepwise method which is basically a refinement of the

forward inclusion method. It is possible that a variable that entered at one step becomes

insignificant at another step when other variables are entered. Hence, in the stepwise

method, all the variables already in the equation are checked when a new variable enters,

and if a variable becomes insignificant, it is then removed.

In adopting a forward inclusion approach, an equation is built up in a number of steps in

which one variable at a time is selected to add to the equation. The first variable is the one

with the highest zero order correlation. An addition of variable increases R2 and the

process continues until none of the remaining variables would add significantly to the

prediction equation.

effective way whereby the first equation is computed with all the variables entered to

A use of backward elimination approach is considered to be relatively simple but an
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check their significance levels and the least significant one is removed and a new equation

is computed. This process continues until all the remaining variables are significant.

Chatterjee and Price (1977) assert that the procedure is terminated when all the t-ratios are

significant or all but one variable has been deleted. This approach was adopted in this

study.

Chatterjee and Price (1977) recommend the backward elimination approach over the

forward inclusion technique for two main reasons; firstly, the procedure calculates the

equation with the full variable set; thus all variables can be inspected, even though they

may not be used in the final equation. Secondly, the backward elimination approach is

better because it is capable of handling multicollinearity than the forward inclusion

technique.

Multicollinearity was checked through computation of tolerance and Variable Inflation

Factors (VIF). According to Landau and Everrit (2004), tolerance values of not less than

0.1 and VIF values not more than 10 are appropriate to show that there is no

multicollinearity. No tolerance values of less than 0.1 or VIF values greater than 10 were

found; the findings hence indicated nonexistence of multicollinearity. The correlation

matrix also was used to gauge the presence of multicollinearity (r > 0.8 which signifies

also tested through computation of a Durbin-Watson with reference value of 2 indicating

either no autocorrelation or ignorable autocorrelation (Pedroso et al., 2014). However, the

results of analysis showed the Durbin-Watson value of approximately 2 suggesting

absence of serious autocorrelation problems. The lack of autocorrelation shows that the

observations in this study were independent of each other.

the existence of multicollinearity) (Garson, 2007). The problem of autocorrelation was
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The testing of endogeneity problem was taken more seriously in the analysis to avoid

arriving at an inconvenient truth which would eventually be misleading. Generally, a lot

of constructs of interest mainly in social sciences are hardly ever perfectly observed

because measurements of such constructs do inevitably include a good degree of

measurement error. During this study, the measurements were carefully taken using high

precision instruments such as Garmin Hx GPS for measuring the area of even the

irregularly shaped farms. Moreover, during data analysis, the two Stage Least Squares

(2SLS) estimates were compared to the estimates of Ordinary Least Squares (OLS) as a

means to test whether endogeneity existed. This approach is one of the most effective and

resourceful tools available for testing endogeneity problem (Antonakis et al., 2010). By

using both of these models into all equations it was found that there was no significant

difference between the two sets of estimates, indicating that the estimates obtained

through OLS were consistent meaning that there was no endogeniety problem which

existed. The two regression models, OLS and 2SLS, were necessarily deployed together

2SLS is not efficient but consistent (Antonakis et al., 2014). Therefore, it should be noted

that this much valued consistency from 2SLS estimation does come at the expense of

arrived at.

3.8 Determination of Adult Equivalent Units

In cognizant of the fact that if variables like income, land and dietary energy consumed

are expressed in terms of the per capita they may not reflect realistic figures especially

age and sex compositions. In this study land access and ownership was expressed in the

per adult equivalent units. To calculate the adult equivalent units, the sex and age of every

as they complement each other. Normally, OLS model is efficient but not consistent while

when one makes a comparison involving households with different family sizes as well as

some sort of inefficiency. All these were carried out to ensure that valid inferences are
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household member must be known first (Appendix 2). Then a two step procedure is

followed. In the first step adult equivalent scales for East Africa (Appendix 3) by age and

sex are added up for all household members to get all the household members in terms of

adult equivalents Deaton (1980), cited by Collier et al. (1990). The second step involves

adjusting the above adult equivalents for economies of scale (Appendix 4) due to the fact

that larger households need fewer amounts of resources per person due to sharing some

facilities Deaton (1980), cited by Collier et al. (1990).
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

Demographic Characteristics4.1

key demographic characteristics of the sample households are presented in thisThe

section. These include age of the heads of household, marital status, sex, occupation,

agricultural training, as well as education and farming experience.

The ages of the household heads ranged from 21 to 80 years, with the mean age of 45.89

years and the standard deviation of 13.09. There were household heads who had not

attended school at all and others who had attended up to 15 years in school, with mean

years in school of 6.29 and the standard deviation of 2.9. Moreover, household heads had

an average of 14.38 experiences in farming (Table 3).

Table 3: Age, years in school and farming experience of household heads

Household heads were classified into three categories basing on their age (Table 4), to

represent the three common age groups, namely youth, middle group and elders. Age is

different sets of activities in most societies (Overholt et al., 1991). Also age can be seen

individual. The majority 64.7% were between 20 and 50 years old. This implies that the

majority of farmers were adults who actively engage in production activities with the role

Variable
Age
Years in school
Years in farming

Minimum 
21.00 

0 
1.00

Maximum
80.00

15
51.00

Mean
45.8933

6.29
14.3800

Std. Deviation
13.09037

2.911
12.36127

n
"150
150
150

as a function of knowledge and experience as well as the measure of maturity of an

an important parameter in social analysis since people of different age groups perform
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and responsibility to their family and society in general. Household heads with age above

30 years old and below 50 years are likely to have more access to land than those who are

30 years old or younger. As the household heads becomes older, family labour decreases

as children leave home and start their own life, access to land decreases to about the same

quantity as at age of 30 (Jayne et al., 2003). About half of the household heads had more

than 10 years of experience in farming (Table 4). Years of experience in farming were

used to determine their effect on land productivity.

Table 4: Age and farming experience of household heads (n = 150)

The majority of household heads (78.7%) had primary education; 13.3% were illiterates

(had no formal education); 6.7% had ordinary level education and only 1.3% had college

education (Table 5). The high level of education in the study area can be attributed to the

deliberate effort made by government in 1978 to expand primary education in the

country. It is compulsory for all children aged 7 to 14 years to attend a primary school

(THDS, 1996). Education is an important parameter which enables the family to perform

better in daily activities. The educated household heads are believed to perform better in

agricultural activities as compared to uneducated household heads.

49.3
24.0
26.7

Age categories_____
Young (20 - 35 years) 
Middle (36 - 50 years) 
Old (51-80 years) 
Years in farming
I- 10
II- 20 
21-51

Percent
26.7
38.0
35.3
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Table 5: Education level of household heads

Male headed households constituted the majority (88.7%) of population in the study area

(Table 6). This confirms patriarchy, which exists in most of African societies and males

are expected to dominate in decision making (Duze and Mohammed, 2006). Since men

are influential in decision making, the type of land use will normally be determined by

men who are also the land owners. In connection with this, in African culture, parents

bequeath part of the land to their sons while this is not common for daughters hence male

headed households are likely to have more access to land than female headed households

(Jayne et al., 2003).

Table 6: Sex of household heads (n = 150)

About 83% of heads in the study area were married (Table 7), while the rest were either

widows, divorced, single or separated. In a married couple the responsibilities are likely

to be high as compared to their counter parts due to increased responsibility attached to

them. These include taking care of the families and the in-laws. Due to increased

responsibilities, the married couples are expected to find ways of accessing more land and

other natural resources in order to meet their livelihood needs (Jayne et al., 2003).

Sex
Male
Female

Education categories (n = 150)
Illiterate
Primary
Ordinary level
Collage

Percent
88.7
11.3

Percent
13.3
78.7

6.7
1.3
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Table 7: Marital status of household head (n = 150)

The results in Table 8 show that 76.3% of the households were engaged in agriculture.

Not all household heads were also engaged in petty business, wage employment, casual

labour, agro-pastoralist or pastoralist. Since the majority depended on farming activities,

any improvement in land access could contribute to reduction of poverty at household

level and national level at large.

Table 8: Main occupation of household heads (n = 150)

The average parcel size cultivated was 1.87 ha, which was smaller than the owned farm

size 2.57 ha (Table 9). This implies that there was a possibility of expanding the area

under cultivation. Also, the results in Table 12 show that the number of parcels owned

ranged from 1 to 9 parcels with an average of 2.25 parcels per household. The average

Simpson Index (SI) was 0.41, with a minimum of 0.0 and a maximum of 0.87. On

average, time used from homestead to the parcels was 33.15 minutes, with a minimum

time of 1 and a maximum of 180 minutes.

Marital status
Married 
Widow 
Divorced
Single
Separated

Occupation_____
Farmer
Pastoralist
Agro-pastoral ist 
Wage employment 
Petty business 
Casual labour

Percent
82.7
4.0
1.3
9.3
2.7

Percent
76.3

0.5
1.0
7.2

12.9
2.1
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Table 9: Descriptive statistics for variables in farm fragmentation (n = 150)

Land Acquisition4.2

4.2.1 Means of land acquisition

The leading mode of land acquisition in the study area was inheritance (40.6%) (Table

10), which have resulted into increased farm fragmentation. Many previous studies have

also shown that inheritance is the main mode of land acquisition in developing countries

(Ngeregere, 2008; Kajoba, 1994). As a general rule, women can acquire land through

male connections and exercise only secondary or inferior rights which are susceptible to

breakdown in relationships, divorce or disconnection. Other means of land acquisition in

the study area are renting (22.6%), purchasing (19.1%), bush clearing (6.5%), government

allocation (5.7%) and borrowing (5.4%).

Table 10: Mode of land acquisition (n = 150)

Variation in land size4.2.2

The difference in land size between and within divisions was determined using ANOVA.

The results in Table 11 show low p-values, indicating that the major variation in land size

7.44
16.20 

9 
0.87 

180.00

0.15
0.10

1
0.0

1.00

Variable
Parcel size cultivated (ha)
Total land owned (ha)
Number of parcels owned by household
Simpson Index (SI)
Time from homestead to farm (minutes)

Mode of land acquisition
Inherited
Purchased
Borrowed in
Rented in
Government allocated
Bush clearing

S/N
1
2
3
4
5
6

Percent
40.6
19.1
5.4

22.6
5.7
6.5

Std. 
Deviation

1.407
2.999
1.307
0.271

31.9765

Mean Minimum Maximum
1.87
2.57
2.25
0.41

33.15
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caused by inter-divisional factors. Unequal land sizes within division is attributed to the

presence of land access barriers such as inheritance laws (traditional practices of land

allocation), land related conflicts, financial constraints and lack of knowledge about

system and process of claiming land rights. However, based on an understanding that land

in most African societies is allocated to adult males through inheritance, little variation

could be expected if land were equally accessed. Several previous studies have also

shown unequal land distribution in some African countries like in Zambia, Kenya,

Rwanda, Mozambique and Ethiopia Jayne et al. (2003), unlike Lipton (1985) who

reported equal land access in some developed countries. The effect of the land size and

land access variation in the study area is shown in Table 12. The resulting level of

variation (Eta squared) was 0.072, which, in Richardson (2011) terms, would be

considered a medium effect size. Richardson classifies 0.01 as a small effect, 0.06 as a

medium effect and 0.14 as a large effect.

Table 11: Analysis of Variance of land size in hectare per capita

Table 12: Variation of land size

4.2.3 Household land size

By analyzing a household’s land access per capita, it is easy to verify whether or not the

household has enough land. The results in Table 13 show a mean land of 0.49 hectare per

Source of variation
Between division
Within division

Source of variation
Between division
Within division

df
2

147

___ F
5.739

Effect size
Small

Sum of Squares
4.414

56.523

Size of variation (%)
7.25

92.75

Mean Square
2.207 
0.385

Eta squared
0.072

Sig.
0.004

(92.75%) was due to factors within divisions whereas only 7.25% of the variation was

capita when total land owned is considered. Table 14 shows cultivated land with a mean
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of 0.35 hectare per capita. However, agricultural productivity will depend on actual area

cultivated or used to increase household income anyhow, including renting it out, and not

merely owned land.

Table 13: Total land in hectare per capita

Table 14: Cultivated area capita

Determinants of land size4.2.4

The correlation matrix for the candidate variables used in multiple regression analyses in

determination of factors affecting household land size are presented in Table 15. In this

study there was no regression coefficient (r) found to be greater or even equal to 0.8,

hence indicating nonexistence of multicollinearility problem (Garson, 2007).

Village
Peapea 
Gongoni 
Mvumi 
Kwambe 
Mkundi
Mgogozi 
Malolo A
Total

Village 
Peapea 
Gongoni 
Mvumi 
Kwambe 
Mkundi 
Mgogozi 
Malolo A
Total

Mean
0.46
0.42
0.80
0.73
0.36
0.24
0.19
0.49

Mean
0.37
0.30
0.35
0.48
0.34
0.35
0.34
0.35

Std. Deviation
0.41 
0.23 
0.27 
0.39 
0.18 
0.20 
0.32
0.30

Minimum
0.10 
0.05 
0.02 
0.25
0.11
0.06 
0.02 
0.02

Minimum 
0.04 
0.05 
0.02 
0.10 
0.11 
0.12 
0.05 
0.02

Maximum
2.25
2.18
5.40
3.52
0.69
0.54
0.51
5.40

Maximum
2.25 
1.06 
1.17 
1.73
0.69 
0.82 
1.21
2.25

Std. Deviation 
0.49 
0.44 
1.04 
0.81 
0.18 
0.14 
0.15 
0.64
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Table 15: Correlation matrix for multiple regression on household land size

XI

I

The results show that the performance of regression model was statistically significant (p

0.01). Inspection of all collinearity statistics as well as examination of correlation

coefficients in the correlation matrix (Table 16) suggests that there was no existence of

multicollinearity. The results also show the Durbin-Watson statistic value of 1.821 which

was between the recommended ranges of 1.5 to 2.5, suggesting that the observations were

independent. The descriptors which were statistically significant determinants of

household land size include adult equivalent units (p < 0.01), age of household head (p

0.01). It is evident from the results of analysis0.01) and annual household income (p

that the age of household head, annual household income, perceived soil quality, and sex

of household heads were positively correlated with household land size while education

level, mode of land acquisition, origin of household head, and average travel time)

correlated negatively with household land size.

Age is an important parameter in determining the duration of settlement in a particular

area hence enough time to accumulate land. Not only that, but also household heads with

age between 30 and bellow 50 years of age are likely to have more access to land than

XI 
X2 
X3 
X4 
X5 
X6 
X7 
X8 
X9

X9 
-0.044 
0.136 

-0.176 
-0.019 
-0.179 
0.117 

-0.116 
-0.056

X7 
-0.031 
0.000 
0.147 
0.021 
0.038 

-0.056

X3
-0.121
-0.101

X4 
-0.009 
-0.074 
0.144

X6
-0.081
0.092

-0.051
-0.330
0.164

-u.u.

X2
I 0.126

X8 
-0.180 
0.030 
0.020 

-0.039 
0.071 
0.052 
0.498

X5 
-0.069 
0.000 
0.088 

-0.101



49

younger ones because family labour is a function of age; elders have more family labour,

ceteris peribus. As the head of household becomes older, family labour decreases as

children leave home and start their own life; the access to land decreases (Jayne et al.,

2003). The decrease in land size at the age of 50 years and above is also due to land been

given to the heirs through inheritance.

The results showed that household income increases the possibility of accessing more

land as it determines the power of purchasing land or renting in land. Other studies in

Eastern and Southern Africa obtained similar findings whereby income was found to have

strong correlation with land size (Jayne et al., 2003).

Adult Equivalent Unit analyzes the family composition by considering number, sex,

different proportions of adults and children, calorific consumption and economies of scale

(Jayne et al., 2003). The higher the AEU, the more the land required to meet the

household calorific needs. The findings of this study show negative effect of land size

with AEU. The negative effect implies that the bigger the family (AEU) the less the land

accessed. This causes some households to become land constrained. The mode of land

acquisition (inheritance) in the study area caused the inverse relationship between land

size and AEU observed because the sons inherit land from their parent irrespective of the

size of the family owned or expecting to have.
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4.3 Variation in Household Annual Income

The variation in annual household income between and within division was analyzed

using ANOVA, and the results are presented in Table 17. The size of income variation

was then estimated by calculating the level of variation (Eta squared) and comparing it to

the values given in Richardson (2011) to evaluate the size effect (Table 18). The low p-

values observed was an indication that the major variation in annual household income

(91.1%) was due to factors within divisions and only 8.9% variation was caused by the

factors between divisions. This type of variation in income within divisions indicates that

there are households with small parcels of farms. Other studies done elsewhere in other

African countries showed unequal distribution of income within the society (Jayne et al..

2003).

Table 17: Results of Analysis of Variance for annual household income (TAS)

Sig.Fdf Mean SquareSum of SquaresSource of variation

7.174 0.0017.644E1221.529E13Between division

1.066E121.566E14 147Within division

Table 18: Variation of household annual income

Effect sizeSource of variation
Between division

91.1Within division

4.3.1 Relationship between land size and household income

The findings from this study showed a positive correlation between land size and

decreasing with land holding. This suggests that households with inadequate land holding

were unable to improve their livelihood through alternative sources such as selling labour,

Eta squared
0.089 Medium

Size of variation (%)
8^9

household annual income (r = 0.181). The results of analysis showed that income was
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petty business or through increasing productivity of the small land plots they owned. This

result establishes the key role that land holdings play in household income. However, the

results of this study contradict with what some authors have found in different settings of

Africa. For example, Lipton (1985) argues that although the amount of land tends not to

be correlated with income, access to at least some land is crucial in determining

household wellbeing.

4.4 Farm Fragmentation

Farm holdings in Malolo ward are more fragmented than those in Rudewa, Msowero and

Dumila (Table 19). The major causes of farm fragmentation in Malolo ward is the

presence of modern irrigation infrastructures which attract farmers to invest in agriculture,

leading to subdivision of the available land through allocating to heirs and/or selling of

land. Moreover, the crops grown in Malolo ward are horticultural crops and in most cases

they are grown in small parcels. Of the four wards, Msowero had the least fragmented

farms with a median number of parcels of 1.0, average parcel size of 4.5 and mean

Simpson Index of 0.1952 (Table 20). In Malolo ward, 93.3% of the households owned

parcels of less than 1 hectare whereas many farmers in Rudewa, Dumila and Msowero

wards (65%, 40% and 39% of the households respectively) owned parcels of less than 1

ha (Table 19).
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Table 19: Farm fragmentation in the sample wards (%)

Rudewa Msowero Dumila Malolo Total

When tested for significant difference using the t-test, the sample data maintained the

affirmation that the mean value of Simpson Index was the largest in Malolo ward (p

0.01). On average the size of parcels in Malolo ward was also the smallest (p < 0.05).

4.4.1 Determinants of farm fragmentation

When the variable specified in the farm fragmentation model were tested for

independency, the results (Table 20) show that the observations were independent; D-W =

1.345 (Garson, 2007). Moreover, the correlation matrix (Table 21) shows the absence of

multicollinearity problem among the variables used in regression analysis for farm

fragmentation determination since none of the correlations was above or equal to 0.80.

Garson (2007) asserts that as a rule of thumb, inter-correlation among independent

variables > 0.80 signals a multicollinearity problem.

20.0
20.0
25.0
20.0

6.7
8.3

2.9833
3.0000

35.0
35.0
15.0
15.0

0.4242
0.4742

21.7
48.3
20.0

3.3
6.7

2.25
2.00

13.3 
10.0
6.7 

20.0 
23.3
26.7 

4.1000 
4.5000

73.3
10.0
16.7
0.0

0.1952
0.0000

10.0
10.0
30.0
30.0
13.3
6.7

3.4667
3.5000

46.7 
30.0 
16.7
6.7 

0.3683 
0.4307

23.3
40.0
23.3

6.7
6.7

2.3333
2.0000

43.3
33.3
16.7
6.7
0.0
0.0 

1.8667 
2.0000

10.0
10.0
20.0
60.0

0.6365
0.6942

21.3
18.7
20.7
19.3
10.0
10.0

3.0800
3.0000

40.0
24.0
16.7
19.3

0.4097
0.4642

53.3
30.0
13.3
3.3
0.0

1.6667
1.0000

20.0
33.3
33.3
10.0
3.3

2.4333
2.0000

28.0
40.0
22.0

5.3
4.7

2.1867
2.2000

Measure of 
fragmentation 
Number of parcels 
1 
2 
3 
4 
Over 4 
Mean 
Median
Average parcel size 
0.08-0.41 
0.41-0.54 
0.54-0.82 
0.82-1.73 
1.73-3.72 
Over 3.75 
Mean
Median
Simpson Index 
0 - 0.42 
0.42-0.5 
0.5-0.66 
0.66 — 0.88 
Mean 
Median
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Parcel size, number of parcels and Simpson Index (SI) were used one at a time in

analysing determinants of fragmentation. Any variable which increases number of parcels

and Simpson Index means that it increases farm fragmentation whereas the one which

decreases parcel size increases farm fragmentation. The results showed that the model

performance was statistically significant (p < 0.01). Inspection of all collinearity statistics

as well as examination of correlation coefficients in the correlation matrixes suggests that

there was

confirmed that the observations were independent. Summarizing from three multiple

regression models, it is reasonable to argue that the determinants of farm fragmentation

were: irrigation (p < 0.01), average travel time from homestead to the parcel (p < 0.01),

total land owned per capita (p < 0.01), adult equivalent units (p < 0.05), number of crops

grown by households (p < 0.05), total arable land per capita (p < 0.05) and mode of land

0.05). It is evident from the findings that, with the coefficient ofacquisition (p

determination (R2) of 68.4%, adjusted R2 of 66.6% and D-W statistic of 1.541, the

average parcel size was the best indicator of farm fragmentation compared to the other

three indicators (Simpson Index, number of parcels owned, and average parcel size) since

Simpson Index. The number of parcels owned had lower values of coefficient of

determination (R2) of approximately 32% and 36% respectively (Table 23).

Farm fragmentation

attributed to the fact that each crop has specific soil requirements. Due to this variation,

farmers take economic advantages associated with crop diversification through spreading

the risk that arise from climatic conditions and other hazards (Di Falco and Perrings,

indication of traditional

no problem of multicollinearity (Table 22). The Durbin-Watson statistics

was increasing with the number of crops grown. This can be

2005, Tan et al., 2006). This type of crop production is an 

agriculture which plays a significant role in farm fragmentation (Khalil anda significant role in farm

Gholamhossein. 2008). Regarding adult equivalent units (AEU), households with larger
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AEU, had more mouths to feed, and they cultivated more parcels than other households in

partial inheritance system or population pressure causes farm fragmentation (Khalil and

Gholamhossein, 2008). Inheritance leads to farm fragmentation especially when land with

similar quality is portioned and given to heirs.

Farm fragmentation was found to be increasing with time of travelling from homestead to

parcels. Similarly, Kakwagh et al. (2011) reported travel time as amongst the factors

contributing to farm fragmentation. This can be attributed to the land tenure system in the

study area, which allows farmers who have moved to new locations to maintain the

ownership rights over lands in their previous location.

an attempt to meet their food requirements. This finding supports the assertion that the
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4.5 The Impact of Farm Fragmentation on Agricultural Productivity

In the analysis of farm fragmentation, all the three indicators of farm fragmentation

(Simpson Index, number of parcels owned, and average parcel size) were used. The

results of correlation analyses between the three measures of fragmentation and

productivity are presented in Table 23. It is apparent to note that all the three measures of

farm fragmentation were negatively correlated with agricultural productivity. This

finding suggests that agricultural productivity increases with the size of the farm, which

is contrary to the Schultz’s theory which suggests an inverse relationship between farm

size and farm productivity. The decrease in agricultural productivity can be associated

with an increase in production cost resulting from higher cost of labour as more time is

required to move from one parcel to another to carry out different farm activities in a

more scattered land holding. The findings of this study are in line with those of Tan et al.

(2008) who also reported decreasing land productivity due to farm fragmentation. Pham

et al. (2007) and Wan and Cheng (2001) also showed negative relationships between

farm fragmentation and land productivity in Vietnam and China respectively. Based on

these findings, farm fragmentation is viewed as an impediment to increased agricultural

productivity (Dirimanova, 2006; Najafi, 2003; Thomas, 2007; Thapa, 2007, Tan et al.

2008) since it impairs agricultural productivity. These findings and the results of analysis

in the current study disproves the Schultz’s theory which suggests an inverse relationship

between the two.
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Table 23: Correlation coefficients for farm fragmentation and productivity

R2 (%)Variables

Small1.04vs

-0.080 Small0.331 0.64

-0.069 0.400 0.48 Small

The impact of farm fragmentation on agricultural land productivity was furthermore

analysed using a linear regression model and the results of analysis are presented in Table

24. As it can be seen from this table the observed value for statistics of Durbin-Watson

0.05). When the degree of farm fragmentation (SI) increased by one unit the(P

probability of having agricultural land productivity decreasing was 18.7%. The decrease

in agricultural land productivity can be attributed to the increase in production costs due

to higher costs for labour as more time is required to move from one parcel to another and

undertake different farming activities in a unit of land. Hung and MacAulay (2002),

Thomas (2007), Thapa (2007) and Tan (2008) reported decreased agricultural land

productivity due to farm fragmentation. Pham et al. (2007) and Wan and Cheng (2001)

also declared negative correlation between farm fragmentation and agricultural land

productivity in Vietnam and China respectively. On the other hand Kadigi and Mbiha

(2000) and Tan et al. (2006) indicated positive correlation between farm fragmentation

and agricultural land productivity. However, when the farm is irrigated, agricultural

productivity increases significantly (p 0.05). The increase in household income

0.001). The increase in income by

one unit would increase the probability of increasing agricultural productivity by 81.9%.

The reason for this is obvious as increase in income will also increase the affordability of

Effective size of
If)

Sign.
(2-tailed)

0.213

Correlation 
coefficient (r) 

-0.102

was 1.806. The Simpson Index significantly decreased with agricultural land productivity

significantly increased agricultural productivity (p <

Land productivity
Simpson Index
Land productivity vs
Number of parcels owned
Land productivity vs
Average parcels size
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farmers to purchase and apply inputs and other modern technologies which will in turn

result in increased land productivity.

Table 24: The impact of farm fragmentation on agricultural land productivity

t

-1.466 0.145897362.558-1.316E6

0.643 1.5550.063 1.098 0.27412828.64414081.922

0.817 1.2240.017 0.326 0.74551178.63516691.943

0.819 16.595 0.000 0.873 1.1450.2804.651

-0.125 -2.464 0.015 0.822 1.21659277.984-146037.286

-0.134 -2.819 0.006 0.936 1.06955249.399-155721.715

0.924 1.0820.940 0.3490.045621407.672584408.381

0.387 0.700 0.869 1.1510.019454151.238175613.102

-0.187 -2.066 0.041 0.259 3.857974528.419-2.014E6

0.111 1.257 0.211 0.271 3.694169988.338213625.767

21526.874
964636.270

14039.932
330589.762

Standardized
Coefficients

Beta

0.091
0.155

1.533 0.128
2.918 0.004

0.602 1.661
0.749 1.335

Collinearity 
Statistics

Sig. Tolerance VIF

Unstandardized 
Coefficients

B Std. Error
Dependent variable: Land productivity (TAS/ha) 
(Constant) 
Age of household 
head
Years in school of 
household head 
Years in farming 
Irrigate 
PAEU Household 
income (TAS) 
Average parcel size 
(ha) 
Distance (km) 
Land ownership 
document
Sex of household 
head
Simpson Index 
Number of parcels 
cultivated 
R2 = 70.7
Adjusted R2 = 68.3
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This study investigated the impacts of land access and fragmentation on the welfare of the

households. From this study, the following conclusions were reached:-

Land access and farm fragmentation affect the household welfare and have an impact on

the national development at large since the national development starts from household

level development.

Land access in Kilosa District is mainly through inheritance and it is determined by three

factors namely the adult equivalent unit, age of household head and annual income. The

land size owned affects the household income; the bigger the land the higher the earnings.

Farm fragmentation in the study area is determined by the presence of irrigation

infrastructure which attracts the farmers, average travel time from homestead to the farm,

total land owned, adult equivalent units, number of crops grown and the way land was

acquired. Farm fragmentation negatively affects agricultural productivity. High farm

fragmentation leads to low agricultural productivity. Therefore, it can further be

concluded from this study that the farm size directly influences agricultural productivity,

contrary to the Schultz’s theory (1964) which suggests an inverse relationship between

the two. According to this study, farm fragmentation is detrimental.
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5.2 Recommendations

Based on the findings of this study the following recommendations are drawn:

i) The Government of Tanzania and other development partners should join hands to

make land consolidation possible by subsidizing the costs of consolidation such as

covering for the compensation for the difference in value of the pieces of land to be

swapped amongst the farmers during the process. The pieces of land that are

considered fragmented do not have equal values, and this makes swapping difficulty

because the owners will seldom accept exchanging their land plots simply on

distance from their vicinities unless they are compensated. The consolidation of the

fragmented farms will improve agricultural productivity and increase their income.

Irrigation structures were found to increase fragmentation by adding value to theii)

farms within irrigation structures coverage where farmers are likely to scramble for

that land and necessitate further portioning of the land and reallocation. In order to

combat this situation, the government and other development partners need to install

the irrigation structures all over the arable land to accommodate the farmers who

end up scrambling for the farms around and nearby irrigation structures. This will

not only reduce farm fragmentation but also increase agricultural productivity,

leading to more earnings and improved welfare.

5.3 Areas for Further Research

There are still other areas pertinent to this study which need to be further investigated to

provide more insight into household land issues, and consequently into how to judiciously

abate land-related problems.



64

5.4 Key Contribution of the Study

This study disproved the Schultz’s theory (1964) which asserts the inverse proportional of

the land size and agricultural productivity. The inverse relationship has been attributed to

traditional agriculture situations. The theory seems to be currently challenged due to

application of size-neutral biotechnologies such as fertilizers, improved seeds even

differences in management practices.
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Appendix 2: Determination of Adult Equivalent Units

Cognizant of the fact that if variables like income, land in available and dietary energy

consumed are expressed per capital they do not reflect good comparative figures in

households with different sizes and composition by age and sex, land in available will be

expressed per adult equivalent. In order to calculate adult equivalent units, the sex and age

of every household member must be known first. Then a two step procedure is followed.

In the first step adult equivalent scales for East Africa by age and sex are added up for all

household members to get all the household members in terms of adult equivalents. The

equivalent scales are presented in Table 25.

For example ; if a household has nine members who are : (1) Male aged 59 years; (2)

Female aged 46years; (3) Male aged 70years; (4) Female aged 80 years; (5) Female aged

17 years; and (6) Female aged 14 years; (7) Female aged 12 years; (8) Male aged 20 years

0.88(ihird

l-0(ejghth Person)

directly as a denominator for computing values per adult because of economies of scale.

Therefore, the second step involves adjusting the above adult equivalents for economies

of scale due to the fact that larger households need fewer amounts of resources per person

due to sharing some facilities. In the example, economies of scale are taken into account

by multiplying the adult equivalent units obtained above (7.92) by the average cost

corresponding to eight people (i.e. 0.741) since 7.92 is approximately eight, correct to no

decimal point, as seen in Table 26.

+ 0.56(Ninth Person) = 7-92 adults. However, the 7.92 adults are not used

and (9) Male aged 6 years; they are equivalent to 1.0 (first Person) + 0.88 (second Person) +

Person) + 0.72(fi)urth Person) + 1-O(firth Person) + E0(Sixth Person) + 0.88(Seventh Person) +
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Therefore, since 7.92 is approximately eight, correct to no decimal point, 7.92 is

multiplied by 0.741, which is the average cost (Table 26) corresponding to 8 adults living

together, in order to adjust 7.92 for economies of scale. Therefore, the adjusted adult

equivalent units are 5.86872, i.e. 7.92 x 0.741. This (5.86872) would be the denominator

for calculating values per adult equivalent in that household. Such a procedure is followed

for every household in a sample. If the nine people household had a land of 5.77 ha their

per capital, which would be 5.77/9, which is 0.64 ha.

Sex

Marginal costs

Appendix 3: Adult equivalent scales for East Africa

Age group ______________

1.000
0.892
0.798
0.713
0.632
0.632
0.632
0.632
0.632
0.632

Average 
costs 
1.000 
0.946 
0.897 
0.851 
0.807 
0.778 
0.757 
0.741 
0.729 
0.719

Male 
0.40 
0.48 
0.56 
0.64 
0.76 
0.80 
1.00 
1.20 
1.00 
0.88

Female 
0.40 
0.48 
0.56 
0.64 
0.76 
0.88 
1.00 
1.00 
0.88 
0.72

0-2 
3-4 
5-6 
7-8 
9-10 
11-12 
13-14 
15-18 
19-59
Above 60+

land access per adult equivalent unit would be 5.77/5.86872 = 0.98 ha unlike land access

Appendix 4: Household economies of scale constants

Household size (Number of 
adults)____________________
J__________________
2 __________________________
3 __________________________
4 __________________________
5
6__________________________
7
8 __________________________
9 _______ __________________
Above 10+


