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This study, conducted in southwestern Tanzania, examines the social and environmental 

implications of conversions of wetlands to alternative land-uses, in particular agriculture. Using 

the case of the vinyungu-faming system, a wetland form of agriculture practiced in Iringa region, 

the study demonstrates complex ways in which ongoing pressure over food production is causing 

transformations in the traditional cultivation methods. To do so, four questions were asked, 

• Research questions 1: How is vinyungu-farming practice related to household and 
farmer characteristics? 

• Research questions 2: How has the vinyungu-farming system evolved over time? 
• Research questions 3: What have been the possible  driving forces behind the changes in 

vinyungu-farming practice? 
• Research questions 4: What is the effect of vinyungu-farming system? 

To answer these questions, the study uses pre-designed questionnaires to examine farmers’ 

perceptions on how the system has changed over time and how this change may affect the 

wetland resources. The study also uses Geographic Information Systems (GIS) to determine 

whether or not there is a change in the wetland area used for agriculture in the study area. 

Results from this study indicate a shift in agriculture whereby vinyungu-farming system 

that supplemented household food obtained from upland fields has evolved to an economic 

activity, producing cash crops for local, regional and national markets. In addition, this 
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traditional irrigation system is transforming from being predominantly a woman’s activity to an 

entire family’s activity. An increase in the size of vinyungu cultivated, use of inorganic fertilizer 

and encroachment of wetter parts of the wetland are some of the ways by which farmers have 

modified their traditional irrigation system. Crop production is no longer confined to the dry 

season but extends into the wet season, especially in areas that are not heavily inundated in 

water. Results from the GIS analysis indicate an increased conversion of wetland area to 

agriculture between 1977 and 1999. GIS analysis during the same period also indicate an 

increased conversion of  the wetland to grassland, a factor that farmers attributed to reduction of 

streamflow into the wetland as a result of increased human activities.  

Several factors have been found to influence the transformation of wetlands to vinyungu 

fields and expansion of these fields. These include population growth, increased market 

demands, government policies, and reduced production power in the uplands as a result of 

rainfall unreliability, increased droughts and reduced soil fertility. All of these factors have 

increased the demand for more arable land, in this case, the wetlands. In addition, most 

households must have an adequate labor force to cultivate the wet and heavy soils that are 

characteristic of wetlands. Improved communications networks and higher profitability in 

vinyungu compared to upland plots also encourage modifications in this farming system. 

Results of the study indicate that wetlands provide both social and economic benefits to the 

people that live around or near them. On the other hand, these very resources that sustain 

livelihoods and perform important functions such as flood control and water quality 

improvement are increasingly being lost. It is important therefore for any future land-use regimes 

in and around wetlands to consider human needs and wetlands sustainability simultaneously. 
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CHAPTER 1 
INTRODUCTION 

Wetlands are important landscape components and critical natural ecosystems that provide 

significant environmental and socio-economic benefits to humans (Roggeri, 1998; Silvius et al., 

2000; Stuip et al., 2002). Because of their characteristics (e.g., heavy soils, thick vegetation – 

sometimes on extensive flat lands), wetlands store water (and nutrients) during wet periods and 

maintain base flow during dry periods (Balek and Perry, 1973; Dugan, 1990; Roggeri, 1995). 

Thus, wetlands can control floods, improve water quality, and provide unique habitat for 

wildlife, including many rare and endangered species. These ecosystems provide numerous 

benefits to humans including food, pharmaceuticals, and construction materials (Daily, 1997). 

Rich soils and high moisture holding capacity make wetlands particularly attractive for 

agriculture. However, wetland soils can be waterlogged and anaerobic, therefore inimical for 

plants unless they are adapted to soggy soils or some means are used to raise the rooting zone 

above the saturated layer. 

For millennia, humans have cultivated wetlands to meet food security and livelihood needs 

without necessarily affecting wetland structure and functions (Adams, 1993b; Banzi et al., 1992; 

Erickson 1985; Roggeri, 1995; Scoones, 1991). In recent years, wetlands have come under 

extreme pressure as many have been converted to agriculture, which raises concern over the 

sustainability of wetland cultivation, especially in tropical developing countries where wetlands 

are among the least protected ecosystems (Dixon and Wood, 2003; Gerakis and Kalburtji, 1998; 

Hollis, 1990; Jensen et al., 1993; Jensen et al., 1995; Liu et al., 2004; Munyati, 2000; Ringrose et 

al., 1988; Roggeri, 1995; Wang et al., 2006; Williams, 1991). This study is an effort to explore 

changes in wetland farming systems and factors that are driving these changes. I used the 

experience of an indigenous wetland farming system in Iringa region, Tanzania, to investigate 
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why and how the practices in this farming system have been transformed over time and 

determine the social and environmental implications of that transformation. 

1.1 Background and Statement of the Problem 

Iringa region, southwest of Tanzania (Figure 1-1), is surrounded by semi-arid conditions. 

Therefore, wetlands are the most ideal resource for agriculture. Farmers in wetland areas have 

devised a traditional farming system called vinyungu that allows year-round cultivation of crops 

(Majule and Mwalyosi, 2003). Vinyungu (or kinyungu in singular form) are ridges or raised beds 

that are about 0.6 m high and 4-20 m wide with a cambered surface sloping down to the open 

drain on either side. They are created by first clearing the land, then burning off the cleared 

vegetation, followed by hand hoe plowing that is done simultaneously with the construction of 

ditches and ridges, and lastly, harrowing, to smoothen the ridges. This farming system is highly 

prevalent in Makete, Ludewa, Mufindi, Iringa and Njombe districts of Iringa region and it is 

practiced mainly by smallholder farmers of Bena and Hehe tribes. It is mostly a dry season 

(June-October) agricultural activity that takes place almost exclusively in wet valley bottoms that 

are characterized by heavy clayey soils. Green maize, beans, potatoes, and vegetables are the 

most commonly grown crops. Figure 1-2 shows typical vinyungu grown crops. 

Vinyungu farming, believed to have started as far back as the 1890s (Culwick, 1935), was 

practiced mainly by women on small fields, with little or no economic contribution to the 

livelihoods of the people that practiced it (Kuroda, 2001; Lema, 1996). Recently, however, a 

combination of socio-economic factors has caused the extensification of the farming system, in 

terms of size of vinyungu and the number of people involved in this farming practice. Among 

these factors may be the increased market demand for food and other wetland products like 

vegetables for urban centers in Iringa region as well as the distant cities of Dar es Salaam and 

Mbeya. For example, Olindo (1992) observed the increased market demand for food and other 
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wetland products in some parts of Kenya as one of the major factors driving further conversion 

of wetlands to agriculture. Similar to other cases in Eastern Africa (Denny and Turyastunga, 

1992; Gichuki, 1992; Loevinsohn et al., 1992; Wood, 1996), the ability of farmers to harvest 

crops twice or even thrice a year hence increasing food security especially in drought-prone areas 

may also play an important role in vinyungu expansion in Iringa region. Burgeoning human 

population, socio-economic changes, and government policies that call for use of more 

agriculturally productive land to reduce food deficits, are considered some of the major factors 

causing wetland conversions (Roggeri, 1995). 

Generally, regardless of the motivation, unrestricted drainage and cultivation of wetlands 

can have far-reaching and sometimes irreversible consequences. Unrestricted drainage and 

cultivation of wetlands can affect wetland’s hydrological functions, causing a reduction in water 

storage and quality, variable stream flows, and sometimes, complete dryness of wetlands (Denny 

and Turyatunga, 1992; Dixon and Wood, 2003; Roggeri, 1995; MWLD, 2001). In addition, 

riverbanks are eroded and sediments accumulate downstream, affecting the overall structure and 

functions of wetlands (Kaswamila and Tenge, 1997; Olindo, 1992). These factors have serious 

effects on the livelihoods of the local communities, especially those residing further downstream 

- people walk long distances in search of water; land becomes uncultivable; livestock keepers are 

forced to walk long distances in search of water and pasture; communal conflicts may arise due 

to animal trampling of crops; and, fish and wildlife resources decline (MWLD, 2001). Despite 

the growing awareness of wetland values and functions and the consequences of human 

intervention, the issue of wetland loss and degradation has received lesser attention in many 

African countries than other major environmental issues such as desertification and deforestation 

(Acreman and Hollis 1996). 
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1.2 Significance 

Understanding the impacts of draining and cultivating wetlands may encourage farmers to 

adopt more sustainable practices to sustain their livelihoods. Previous studies in Tanzania have 

tended to focus on major wetlands that are mostly associated with activities of greater economic 

importance such as large-scale agriculture, transportation, and fisheries (Pallela, 2000). Sutton 

(1969) and Lema (1996) who described vinyungu-farming systems and the associated 

technologies reported that this system continues to receive little attention as it is largely 

considered a side-line agricultural activity. Mkavidanda and Kaswamila (2001) looked at the role 

of vinyungu in poverty reduction and concluded that vinyungu are a key factor in sustaining 

livelihoods and reducing poverty. Majule andMwalyosi (2003) examined soil and water 

characteristics and found that soils under vinyungu cultivation were acidic with a pH of 5.1 to 5.5 

and the water samples downstream had traces of agrochemicals and pesticides, implying that in 

the long-run vinyungu farming may reduce soil and water qualities as well as agricultural 

production in both the vinyungu plots and further downstream. 

In contrast, this study looks at the ways in which vinyungu farming has changed over the 

years and how this change may have influenced social and environmental changes. It also looks 

at the patterns and extent of wetland cover change that may have resulted from transformations 

in vinyungu farming. Quantitative data derived from this study will generate knowledge on 

changes in land use, the extent of wetland conversion and their socio-economic and 

environmental consequences. This knowledge will be useful for a better understanding of the 

relationships between humans and observed environmental changes and may encourage best 

management practices around wetlands. No other known study has looked at the effect of 

Tanzanian vinyungu in landscapes. 
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1.3 Objectives 

The primary objective of this thesis is to study changes in land use, specifically wetland 

conversion, over time and the environmental effects associated with those changes. I wish to 

contribute to the knowledge on wetland loss, its causes and effects, all of which are essential for 

policymaking and management of wetland resources. 

• Specific aim 1: To investigate what kind of transformations have occurred in vinyungu-
farming practice over time; 

• Specific aim 2: To propose the factors that may have influenced the recent 
transformations in this farming practice; 

• Specific aim 3: To determine what is the effect of the vinyungu-farming system; 
• Specific aim 4: To identify and document change of Ndembera wetland area used for 

agriculture between the period 1977 and 1999. 
 

1.4 Study Questions 

To meet the study objectives, I used information from farmers’ interviews in Ndembera 

wetland area, Iringa region, Tanzania (Figure 1-3). To identify long-term changes in land use in 

this area, I sought data on land-use/cover changes over time. This information was used to 

explore factors of wetlands transformation and changes in land cover over time. The following 

questions were addressed: 

• Research questions 1: How is vinyungu-farming practice related to household and 
farmer characteristics? 

• Research questions 2: How has the vinyungu-farming system evolved over time? 
• Research questions 3: What have been the possible  driving forces behind the changes in 

vinyungu-farming practice? 
• Research questions 4: What is the effect of vinyungu-farming system 
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Figure 1-1. Map of Iringa region showing the study area (A).  (Source: based on 1:2,000,0000 Tanzania Administrative Map of 1989, 

by Surveys and Mapping Division. Ministry of Lands and Human Settlement). The inset (B) shows the location Iringa 
region in Tanzania. 

A 
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       A         B 
Figure 1-2. Typical vinyungu grown potatoes (A) and peas (B). Both pictures taken in Usengelindete village, Iringa District of Iringa 

Region, June 2005. 
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Figure 1-3. Enlarged map (A) shows Lyandembera swamp and surrounding villages. Subset image (B) shows the location of 

Lyandembera swamp (The Study Area) in Iringa region.

A 
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CHAPTER 2 
LITERATURE REVIEW 

2.1 Introduction 

This chapter reviews the literature that undertakes the role of putting together important 

concepts describing land-use and land-use changes in Tanzania with a focus on the 

transformations in vinyungu-farming system. The review is organized into two major parts. The 

first part reviews some important concepts of land-use/cover change as they relate to wetland 

conversion to agriculture. It also reviews theories underlying transformations of agricultural 

practices and their effect on wetland resources. These include human-settlement models of land 

use, population growth and its implications for agricultural land use, and drivers of smallholders’ 

farming decisions. In addition, this part of the review also discusses the state of agricultural 

production in Africa and reasons for its decline; use of wetlands as an alternative landscape 

component for improving crop production; and irrigation practices as they relate to wetland-

related policies in Tanzania. The second part of the review summarizes the theoretical 

background with a focus on land use at the household level and explores important relationships 

and variables amenable to land-use changes. 

2.2 Conceptual Framework 

2.2.1 Concepts of Land-Use and Land-Cover Change 

Wetlands conversion to agriculture falls under the larger topic of land-use/cover change 

(Gerakis and Kalburtji, 1998; Jensen et al., 1995; Lambin et al., 2001; Liu et al. 2004; Meyer and 

Turner, 1994; Meyer and Turner II, 1996; Meyer and Turner II, 1992; Ringrose et al., 1988; 

Turner et al. 1993; Wang et al.; 2006). Meyer and Turner II (1992) define the term “land use” as 

human exploitation of the land and the term “land cover” as the physical and biotic character of 
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the land. Land use tends to cause land-cover change that, in turn, leads to further land-use 

changes. Land-cover change may involve either land-cover conversion, i.e., “change from one 

cover type to another,” or land-cover modification, i.e., “alterations of structure or function 

without a wholesale change from one type to another (Briassoulis, 2000). 

Land-use change may involve “conversion from one type of use to another”, i.e., “changes 

in the mix and pattern of land uses in an area,” or “modification of a certain type of land use” 

i.e., “changes in the intensity of this use as well as alterations of its characteristic 

qualities/attributes” (Briassoulis, 2000). 

Land-use/cover change is driven by many factors including changes in the biophysical and 

socio-economic drivers (Meyer and Turner II, 1992). The driving factors/forces are “a complex 

set of actions and rationales that give rise to proximate causes” (Mertens et al., 2000, 984).  

These forces could be “externally-driven, e.g., natural hazards, or internally-driven, e.g., 

population growth” (Mertens et al., 2000, 984). Turner et al. (1993) listed four examples of 

major driving forces of land-use change: population, technology, political economy, and political 

structure.   Farming practices are listed as among the major causes of land-cover changes in 

tropical Africa (Lele and Stone 1989; Meyer and Turner, 1994; Turner et al., 1994). 

As driving forces of land-use/cover change interact differently to one another in different 

spatial-temporal settings, it is important to examine causes of land-use/cover change within a 

specific spatial-temporal setting. The method of examining both land-use/cover changes involves 

selection of the land-use/cover types to be analyzed, determining the driving forces and process 

of change that can be detected, and describing and explaining the linkages between land use and 

land cover (Briassoulis, 2000). This study focused on a traditional farming system called 

vinyungu, common in wetland areas of Iringa region, Tanzania, to determine how this farming 
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system has evolved over time, what are the driving forces behind this evolution, and what are its 

effects on wetlands. 

A challenge in analyzing land-use/cover change lies in linking the driving forces of change 

to the observed land-use/cover changes. There is considerable variety of theoretical and 

modeling frameworks and tools that are used to conceptualize and operationalize land-use/cover 

change issues. The theoretical literature on land-use/cover change includes theories on social and 

economic determinants of land-use/cover change. 

Economic theories and models of land-use/cover change use concepts and procedures from 

economics, e.g., “prices of the factors of production, of products and of services, transport cost, 

marginal cost, and economies of scale, externalities, and, above all, utility” (Briassoulis, 2002). 

“All behavioural assumptions made refer to the model of the rational, economic, utility 

maximizing humans” (Briassoulis, 2002). Examples of economic theories and models include 

von Thünen’s agricultural land rent theory (1966);  location models (see, for example, Alonso, 

1964; Weber 1929; Losch, 1954); and settlement patterns models ( see, for example, Blaikie, 

1971; Chisholm, 1962). Some of these theories have been elaborated in the subsequent sections 

of this chapter to show how they relate to land-use/cover change and their relevance to this 

study. 

Theories on social determinants of land-use/cover change are based on ideas from the 

social sciences and emphasize “the importance of human agency, social relationships, social 

networks, and socio-cultural change in bringing about spatial, political, economic and other 

changes” (Briassoulis, 2002). Theories and models used in the social approach include agent-

based theories which focus on the agents of change (i.e., users of land) and their 

interdependencies as well as those theories that adopt perspectives in the nature-society 
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theorization traditions (see, for example, Liverman, 1994; Malthus 1960; Merchant, 1990; Sack, 

1990). Some of these theories have been elaborated in the subsequent sections of this chapter to 

show their relevance to this study. 

Theories of land-use/cover change use models that are either descriptive or explanatory 

(Briassoulis, 2000). According to Briassoulis (2000) “description of land-use change documents 

changes from one type of land use or cover to another over a given time period and within a 

given spatial entity” while “explanation attempts to address the question of ‘why’ these changes 

have occurred (or, are occurring) and to uncover the factors or forces that bring about these 

changes directly or indirectly, in the short- or long-run” (Briassoulis 2002). 

Description of land-use/cover change can be achieved using GIS modeling approaches 

whereby maps from different time periods are overlaid to identify the location and assess the 

magnitude of change. Explanation of why these changes take place can be achieved through 

socio-economic surveys and physical observations. Both methods have been employed in this 

research. The descriptive part is covered in Chapter 4 while a review of theories that explain 

“why” these changes occur (and their effects) is covered in the following sections. 

2.2.2 Human-settlement Models of Land-Use 

Different theories attempt to describe and explain the factors influencing human settlement 

and land use. Most of these theories are based on economic concepts. One of the pioneering 

economic theories of land use is von Thünen’s agricultural land rent theory, developed in 1826, 

where land rent is defined as the price paid by the tenant for a particular land use on a particular 

piece of land (von Thünen 1966; original in 1826). Through this theory, von Thünen modeled the 

locational distribution of crops (or, land-use patterns) in a landscape as an algebraic function of 

yields, market prices, production costs, transportation rates and distance to market. 
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According to von Thünen, land rent decreases with increased distance from the center 

(city/ town/ market). The rent one can afford to pay for a land-use activity on a parcel of land 

depends on the value of the products produced on that land. This value decreases with increased 

distance from the market. Therefore, a land-use activity with the highest value of output is found 

on land with the highest rent, i.e., closest to the market (this would be the most valuable piece of 

land in a village context). Transportation costs increase with increased distance from the center. 

Therefore, transportation costs are inversely proportional to the land rent. Since farmers tend to 

balance land cost, transportation costs, and profit, they produce the most cost-effective products 

for market near the center, i.e., they cultivate the high market value-crops near the city/ town/ 

market (lest transportation costs reduce profit to zero) and lower market value-crops further 

away from the city (meant for local use). Therefore, land-use patterns are influenced by distance 

to roads, access to markets, and access to transportation. This may be true for wetlands use in 

most of eastern Africa, including Iringa region in Tanzania. Dixon and Wood (2003) report 

commercialization and communication networks that have spread throughout eastern Africa as 

some of the factors increasing the market demand for food and other wetland products. Thus, 

wetland use is increasingly shifting from subsistence agriculture to more commercialized 

agriculture where locally marketable crops are grown (Olindo, 1992). 

Chomitz and Gray (1995) tested the model in Belize and found that market access and 

distance to roads strongly influence land use. According to the study, agriculture becomes less 

attractive with increased distance from the market. 

Interpreting von Thünen’s theories in a rural setting, Chisholm (1962) found that there 

exists a relationship between land use, distance from market, and distance from the settlements. 

Active farms require adequate labor and frequent attention and are therefore found closer to 
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settlements. The amount of labor required for a land use activity (e.g., agriculture) tends to 

decrease with increased distance from the market. Therefore, closer to the market one expects to 

find more labor-intensive crops, more labor use and more human settlement, hence intensive 

land use. 

Based on the frontier thesis (Richards 1990), people first search for unsettled yet desirable 

lands to settle on. Later, secondary and tertiary frontier zones are created, land-use intensification 

occurs, and eventually, settlement frontiers are expanded (Richards, 1990). The spatial scale of 

penetration and land transformation is facilitated by such factors as expanding economic 

demand, population growth and technological advancement (Richards 1990). Therefore, demand 

for land and the ability to work on the land tend to influence expansion of settlement frontiers, 

provided unoccupied land exists. As the population grows and land shortages in areas 

traditionally farmed increase, more and more people in eastern Africa are forced into marginal 

areas in search of agricultural land (Dixon and Wood, 2003). Wetlands may have become new 

agricultural frontiers, replacing dry land margins that had been subject to spontaneous 

agricultural settlement for decades. 

In summary, access to roads and markets seems a common link among the different 

models presented above. Construction of roads, distance to markets, and market demands 

influence land-cover change. Roads increase access to land by enabling people to reach areas 

that were not previously reachable. Markets accessibility and market demands encourage land 

users to maximize the utility of surrounding land. These two factors tend to bring an economic 

growth to an area that, in turn, attracts human settlement. 

2.2.3 Population Growth and Agricultural Land-Use 

Many researchers have linked population growth to increased demand for agricultural land 

and consequently, agricultural extensification and intensification. Several theories have been 
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developed to examine this link and research has been conducted to test these theories, providing 

insight and different perspectives on the issue. 

One of the earliest theories on the effect of population growth on agriculture emanates 

from Malthus (1960) who hypothesized that food production, growing at a linear rate, would 

eventually be overtaken by populations growing exponentially. His original predictions have 

materialized in some areas. According to Bilsborrow (1987), “Food production per capita in the 

developing countries is barely keeping pace with population growth in the developing countries 

despite the Green Revolution” (Bilsborrow 1987, 199). 

Malthus also postulated that, population growth would negatively impact the environment, 

potentially causing irreversible land degradation that would, in turn, hamper food production. 

Bilsborrow and Ogendo (1992) showed that, population growth has indeed contributed to land 

degradation in some areas, sometimes threatening food production. From a neo-Malthusian 

perspective therefore, degradation is inevitable where levels of exploitation exceed the carrying 

capacity of individual land resource such as individual wetlands. The disappearance of parts of 

the Usangu wetland in Tanzania is one example of the effects of population pressure on wetlands 

(MWLD, 2001). However, the Malthus hypothesis assumed unchanging methods of production 

(i.e., constant technology). Today, economists argue that under well-functioning markets, as the 

population grows and land resources become scarce, technologies are developed to improve 

production as well as land management. As a nearby example, a study conducted in Machakos 

District, Kenya, showed that population growth, market development and capital availability led 

to technological advancement, which, in turn, led to increased agricultural productivity and 

improved land and water management (Tiffen and Mortimore, 1994; Tiffen et al., 1994). 
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The economists’ point of view emanates from Boserup’s (1965, 1981) original ideas that 

emphasize the importance of progressive adaptive management. Challenging Malthus’s original 

ideas, Boserup postulated that as the population grows, the demand for food increases and arable 

land becomes scarce, forcing farmers to make adjustments in production so as to improve the 

quality and productivity of land. These adjustments, which occur after the expansion of 

cultivated land, include adoption of land-intensive technology, i.e., reduced fallow period, 

adoption of new technologies, increased labor inputs per unit of land, and use of natural or 

artificial fertilizer.  

Generally, however, the impact of increasing population on land use and environmental 

sustainability today appears more complex than what either Malthus or Boserup hypothesized, 

and varies from system to system. Bilsborrow (1987) reports that, intensification/ technological 

development is dependent upon environmental conditions of the area (soil fertility, rain). For 

example, technological change, in terms of increased irrigation, happens when rainfall is 

seasonal or irregular or when surface or underground water is available and can be tapped 

(Bilsborrow, 1987). Netting (1968, 1993) reports that, farmers make several adjustments, such as 

crop diversification, to cope with poor environmental conditions and maximize crop output.  

Boserup (1965) neglected the possibility of an alternative economic response to increased 

population pressure: an increase in the area of land under cultivation. This response, called 

extensification, is achieved through clearing more of one’s own land, appropriation of 

neighboring lands, or, migration to other areas with arable lands (Bilsborow and Ogendo 1992). 

One of the effects of agricultural expansion is deforestation, especially of tropical forests and 

highland forested areas (Bilsborow and Ogendo 1992). Today, this expansion is affecting 

wetlands as well. Up until the 1940s for example, the Sukuma people of Mwanza region, 
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Tanzania, cultivated on the hill slopes and left the valley bottomlands for cattle grazing (Pingali 

et al., 1987). Today, the bottomlands are cultivated and the adjacent swamp vegetation is cleared 

to provide more land for cultivation. A similar trend of converting wetlands to agricultural land 

is taking place in Iringa region. 

Boserup also neglected the influence of market demand on technological development. 

Pingali et al. (1987) clearly show that local demands, including market demands, cause land-use/ 

cover change. Therefore, site-specific carrying capacities, based on often unique environmental 

and socio-economic characteristics, are a major catalyst of change in the agricultural farming 

practices and, consequently, the way wetlands are being utilized and managed. 

2.2.4 Drivers of Smallholders Farming Decisions 

Many regions of the developing world consist of substantial rural populations that rely 

largely on farming as a principal source of income, food and employment. The most widespread 

kind of farm unit is the small family farm or smallholding. Netting (1993) describes smallholder 

farmers as rural cultivators practicing permanent, diversified agriculture on small farms. 

Population density is generally high. Therefore, smallholders live under conditions of scarcity, 

deriving their livelihood from an intensively cultivated holding, usually less than 2 to 5 ha. 

Central to the small-hold intensive agriculture is the family unit or household. A household 

is a cooperative work group engaged in production, distribution, transmission, biological and 

social reproduction, and co-residence (Netting 1993; Wilk 1991) and may consist of a single 

family, one person, an extended family, or any other group of related or unrelated persons 

sharing living arrangements. 

Farming decisions by a household are influenced by many factors including resource 

availability (e.g., land, labor), economic status of the household, local traditions, and external 

factors such as government policies and environmental factors. Differences among households 
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lead to differences in choices each household makes regarding what to cultivate, where and how 

to cultivate, amount of land to cultivate, what crops to be marketed or preserved, whether or not 

they should access additional land to cultivate, and how to use labor and cash resources. 

Land tenure security, often with sellable, rentable, heritable rights (although such property 

regimes can co-exist with communally managed resources) is important for small-hold 

householders to have. This is especially important where intensive agriculture is practiced for 

often this involves land improvements. Smallholders usually hold their most productive land as 

private property while less intensively used land is more likely to be held as commons or rented 

out. 

Smallholder agriculture is sustainable where production is predictable, sufficient to feed 

the producers, and stable over the long run. Factors like seasonality could affect agricultural 

production and sustainability, hence affecting rural household food supply and income (Meertens 

1999, Morgan and Solarz 1993). Scanty rainfall and droughts are among the major seasonality 

factors affecting agricultural production (Alexandratos 1995). Technological innovations such as 

irrigation may be employed in cases of droughts or seasonal rainfall (Bilsborrow 1987). Farmers 

are therefore attracted to environments with a higher probability of sustaining production. This is 

the case especially in drier and drought-prone areas where the availability of moisture in the soils 

throughout the year and the ability to retain nutrients make wetland cultivation the most 

sustainable risk management strategy. 

Labor and economic resources available to the household influence household land-use 

activities. Household members share different responsibilities to minimize costs associated with 

assembling and scheduling labor. In most cases, very young and old members of the household 

are excluded from agricultural activities. Landholders maximize their financial income by 
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allocating labor to activities they perceive will provide the greatest financial return on their labor 

investment. When additional labor is required, farmers either hire laborers or alternate manpower 

with other farmers (Meertens 1999). This may be the case especially for the harder tasks such as 

clearing land on heavy wetland soils. In cases of limited labor availability or cash to hire 

laborers, agricultural expansion or intensification is rare or minimized (Boserup, 1965). 

Smallholders are not economically isolated. Income sources range from farm, off-farm, to 

non-farm activities (Saith, 1992). Rural households depend mostly on farm activities as one of 

several sources of income. Whether or not a household will diversify its income sources is 

dependent upon agricultural production, market values, and economic status of the region 

(Lipton and van der Gaag, 1993). Off-farm income opportunities may pull some labor off farm 

due to low marginal return on intensive farm labor. Non-farm income provides cash for running 

agricultural activities as well as provide for household needs, further pulling some labor off the 

farm. Generally, there almost always remains farm labor for subsistence food production 

(Morgan and Solarz, 1993). 

There is lack of literature on the role of gender on the current trends in vinyungu farming. 

Reports have shown that, previously, women were predominantly the vinyungu cultivators 

(Lema, 1996) and that the role of men was limited to hired labor in land preparation. However, 

due to the growing economic interest in wetland farming, this study will explore whether gender 

influences some aspects of present-day vinyungu practice, including ownership, farm size, and 

types of crops grown.  

Therefore, agricultural production methods and land use patterns of small-hold 

householders are potentially influenced by land quality and tenure policies; environmental 
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factors such as rainfall; available resources such as labor, land, and income; access to markets, 

and gender roles.. 

2.2.5 Decline in Agricultural Production and its Relation to Land Use 

Many Sub-Saharan African countries face economic stagnation, rapid population growth 

and natural resource degradation. The economy of these countries suffers from accumulation of 

foreign debt, weak agricultural growth, declining industrial output, dwindling export 

performance, declining institutions, and deteriorating socioeconomic and developmental 

conditions (World Bank Review 1989). These countries are among the poorest in the world with 

the farming populations constituting both the majority and the poorest segments of society. 

In an effort to sustain economic growth, agricultural development programs have been 

promoted since the 1960s and agriculture remains the backbone of most of these countries’ 

economy and an important foreign exchange earner. Unfortunately, agricultural production in 

most African countries is declining and food deficit is common among these countries. A 

number of factors, including biophysical conditions, human resources, the economic 

environment, infrastructure and government policies, contribute to this decline. 

The soils of most of Africa (as well as those of some parts of Latin America and Asia), for 

example, show great variability in quality and are, to a great extent, infertile. Wiebe (2003) 

reports that, although the “quality of all land is lowest in the Middle East and North Africa, the 

quality of cropland is lowest in Sub-Saharan Africa”. Whereas 16% of cropland in Asia, 19% in 

the Middle East and North Africa, 27% in Latin America, 29% in the developed countries, and 

over 50% in Eastern Europe are considered to be of the highest quality, only about 6% of Sub-

Saharan Africa’s cropland is considered of high quality (Wiebe, 2003). This factor contributes to 

high production costs and low productivity. 
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Global productivity gains (influenced by technological advancement) have been shown to 

outweigh global productivity losses caused by processes such as soil erosion, nutrient depletion, 

and salinization (Wiebe, 2003). However, this is not the case in many parts of Sub-Saharan 

Africa where soils are either poor or fragile. In these areas, agricultural management practices 

are not well developed, and, productivity levels are already low even though the need for growth 

is high (Morgan and Solarz 1993; Wiebe, 2003). In fact, Sub-Saharan Africa makes the least use 

of modern agricultural input in the world (Morgan and Solarz 1993). Scattered populations, 

common in some parts of Africa, further suppress the development of modern agriculture in that 

it becomes expensive for the government to support scattered populations and production may be 

limited by many factors including labor, transportation costs, and access to knowledge and 

technologies. 

In most parts of this region, arable land is fast approaching limits of sustainable agriculture 

while rainfall remains seasonal and insufficient (Alexandratos 1995). Where rainfall is plentiful, 

most such areas are already under some form of protection hence inaccessible for agricultural 

production (Alexandratos 1995). According to Morgan and Solarz (1993), Sub-Saharan Africa 

has been more adversely affected by droughts than any other region in the world, especially 

between 1982 and 1985 and later in the early 1990s. 

The rate of population growth in Africa is known to be among the highest in the world. 

Correspondingly, there is an increasing demand for food and agricultural land. In a few cases, 

population density has been shown to be low or declining due to natural cause or out-migration. 

In such cases, low population densities, coupled with land tenure system that guarantees access 

to land, encourage extensive farming systems with low agricultural input (Morgan and Solarz 

1993). Netting (1993) noted about the Koyfar of Nigeria that a decline in population density 
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leads to dis-intesification of agricultural production. Seasonality in labor demand and availability 

limits farm sizes and productivity of farm systems, affecting land use and the overall agricultural 

productivity (Morgan and Solarz 1993). 

As a result of all the aforementioned factors, growth in agricultural production in the Sub-

Saharan African region is depressed and only in the range of 1.5% to 2% per year (Adams 1996), 

reducing the amount of agricultural export and foreign exchange. Per capita food production in 

the 1970s was high enough to meet the food and income requirements of the average household 

in the region. Today, almost all southern African countries produce less and import more food 

than they did in the 1970s (Pinstrup-Andersen et al., 1997). Although there has been recovery in 

several places, agricultural and economic growth have not been able to keep pace with 

population growth, posing a great challenge in addressing food, social, and environmental 

insecurity problems (Pinstrup-Andersen et al., 1997). 

To cope with this situation, more peasants have turned to a combination of off-farm 

income generating activities, wage labor, and subsistence food cropping. Elmekki and Barker’s 

study (1993) noted that, for example, Sudanese peasant families migrate in search of wage work. 

The above review has shown that change in agricultural practices and land use in most 

Sub-Saharan African countries is attributed to a number of factors including population trends 

and human resources, biophysical factors, land tenure system, and the economic environment of 

the country. 

2.2.6 Wetlands: An Alternative Landscape Component for Crop Production 

Seasonal rains and recurrent droughts have tremendously reduced Africa’s per capita food 

production, reducing the availability of food and income in the region (Morgan and Solarz, 

1993). Population growth is resulting in land shortages in areas traditionally farmed (Binns, 

1994).  Lack of adequate rainfall and population growth are major factors that have influenced 
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African countries to turn to wetlands as potential resources for overcoming the challenges of 

poverty and hunger in the region (Adams, 1993a; Adams, 1993b; Adams, 1996; Dixon and 

Wood, 2003). The rich soils with high moisture holding capacity and proximity to reliable water 

sources make wetlands attractive for agriculture and are thus being converted to agriculture. 

Because wetland soils can be waterlogged and anaerobic hence unfavorable for plants that are 

not adapted to such conditions, farmers tend to raise the rooting zone above the saturated zone. 

This fact dates many centuries back where wetland resources have been used to support 

great ancient civilizations (such as those of the Maya and Inca) in the form of raised fields or 

beds. Perhaps the most widely studied raised fields are the waru waru, originally made by pre-

Incan civilizations around Lake Titicaca, bordering Peru and Bolivia (Binford et al., 1997; 

Carney et al., 1993; Denevan, 1970; Denevan and Turner, 1974; Erickson, 1985; Erickson, 1988; 

Erickson, 1999; Ortloff and Kolata, 1993; Turner, 1994; Turner and Harrison 1981). These are 

elevated earthen platforms that are 3 to 10 m wide and up to 200 m long, separated from each 

other by seasonally flooded canals. Through this farming system, wetlands were converted to 

cultivable land to increase land productivity so as to cope with food security needs of dense 

human populations that lived in arduous environments. Raised fields were advantageous to 

farmers for they raised the root zone above water-saturated soils; supplied reliable water; 

conserved heat and protected crops against frost; retained dissolved and particulate nutrients; 

enhanced nitrogen fixation; and mitigated soil salinity. These factors contributed to higher 

productivity and more sustainable crop production compared to conventional methods of 

cultivation (Binford et al., 1997; Carney et al., 1993). 

Raised fields were also common among North American Indians prior the arrival of 

settlers (Fowler 1969) and in Asia, especially China, in the fifth century B.C. (FAO 1980). In 



 

36 

Africa, raised beds were common in places like the Wahgi Valley of New Guinea prior to 350 

B.C. (Lampert, 1967) and more recently, among the Koyfar of Nigeria (Netting, 1968). In most 

of these cases, raised fields were created not because of population or environmental stress but 

rather may have developed as early forms of intensive agriculture. 

In all cases though, it is the many benefits accrued from raised fields that influenced 

different societies around the world to develop and maintain this agricultural technology over 

centuries. In the recent years, however, the outlook of raised fields is somewhat different in a 

number of places in that the negative impacts are on the verge of outweighing the benefits.  

Increased population pressure and associated food scarcity in such places as East Africa 

are driving farmers to drain and intensively cultivate wetlands (Dixon and Wood, 2003; Okeyo, 

1992). Roggeri (1995) further supports this observation when he argued that although the 

remaining large wetlands are those found in the tropical countries, the rate at which they are 

being converted to non-natural state is increasing fast. 

Unlike the Maya and Inca eras that were possibly sustainable, recent utilization of wetlands 

is known to cause soil erosion, reduced water storage and quality, variable stream flows and 

complete dryness of wetlands (Dixon and Wood, 2003; Thompson, 1976). These effects may 

cause wetland loss, defined as loss of wetland area, due to its conversion to a non-wetland area 

(Ramsar Convention Bureau, 1990). While “changes in land cover by land use do not necessarily 

imply a degradation of the land” (Meyer and Turner, 1996:25), wetland loss tends to cause 

wetland degradation, defined as the impairment of wetland functions (Ramsar Convention 

Bureau, 1990). Intensive agriculture may also impair wetland importance as sources of building 

material and food (mainly fish) suppliers. However, to most farmers, the immediate benefits 

accrued through continued conversion of wetlands to agriculture may outweigh the long-term 
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ecological and socio-economic consequences. As such, although the spatial extent of wetland 

conversion is limited by their characteristic wet conditions that make wetland soils potentially 

anoxic, and most certainly, heavier and more difficult to cultivate than upland soils (McIntire et 

al., 1992), farmers are known to develop techniques to cope with such situations. Therefore, 

labor, time, seasons/climate, and technology are the factors that may limit or influence the rate 

and amount of wetland conversion. 

2.2.7 Irrigation Practices and Wetland Use in Tanzania 

Tanzania continues to rely heavily on the agricultural sector for its economic growth and 

improvement of the welfare of its people. Efforts have been made to promote agriculture, 

including improvement of agronomic practices and introduction of improved crop varieties. 

However, semi-arid climatic conditions and droughts in some parts of the country present severe 

constraints on these efforts and agricultural productivity in general. As such, since colonial 

times, there have been concerted efforts to promote irrigation practices at various scales (Majule 

and Mwalyosi, 2003). 

In Tanzania, irrigation, defined as a supply of water to cultivated plants by means other 

than natural precipitation (Stern, 1989), is highly dependent on wetlands, e.g., rivers and 

swamps. The country is estimated to have about 933,000 ha that have potential for irrigation. 

However, only about 144,000 ha are reported to be under some form of irrigation (Ministry of 

Agriculture, 1992). Based on scale and technology used, irrigation systems in Tanzania can be 

grouped into three major categories, i.e., traditional or smallholder irrigation systems, the 

modern small-scale/village irrigation system, and, medium to large-scale state farms/privately 

owned irrigation estates (Mascarenhas et al., 1985; Mrema, 1984). Traditional small-scale 

irrigation systems account for 120,378 ha of the irrigated land while large-scale estate farms 

account for the remaining 23,622 ha. 
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The medium-to-large-scale farms or irrigation estates are state or privately owned. They 

are centrally managed by either parastatals or private companies and generally have quite 

efficient irrigation systems that also require large capital investment and well-trained manpower. 

High value crops are grown for export and/or local consumption using these types of estates. 

The modern small-scale/village irrigation systems were in most cases planned and 

constructed throughout the country by the central or local government. Farmers were given the 

responsibility over water distribution, land preparations, farm decisions, and scheduling of 

activities.  Unfortunately, almost all of them collapsed a few years after construction despite a 

heavy investment in building them (Mkavidanda and Kaswamila, 2001). Two factors are 

associated with the failure of these irrigation systems. First is the unfair distribution of water that 

resulted in conflict among farmers who, in some cases, vandalized the facilities. Second is the 

lack of or poor maintenance of the canals, which in turn, led to high rate of evaporation that 

further hampered distribution of water. 

The traditional or small-scale irrigation systems are the most common. They are owned by 

individuals or a group of farmers and are usually small in size, often not more than 5 ha. Farmers 

use low cost, temporary or semi-permanent intake structures to harness water from rivers, 

springs and flood plains so as to produce food and cash crops. 

Under this system, irrigation efficiency is very low as much of the diverted water is lost 

due to seepage before reaching the farms. This farming system is associated with poor drainage 

that causes siltation, and, poor infrastructure development that leads to unequal distribution of 

water. Such problems are common in most parts of the country including Kilimanjaro (Banzi et 

al., 1992), Lushoto (Kaswamila and Tenge, 1997), and currently, in Iringa region (Majule and 

Mwalyosi, 2003). 
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The most common traditional irrigation system practiced in Iringa is called vinyungu 

cultivation, a practice believed to have started in the 1890s (Culwick and Culwick, 1935). 

Vinyungu are ridges or raised beds that are about 0.6 m high and 4 to 20 m wide created in 

valley-bottoms and along streambeds. Smallholder farmers, mostly women, create vinyungu by 

clearing the land, burning the cleared vegetation, plowing, creating ridges and ditches, and then 

by harrowing to smoothen the ridges. Vinyungu are watered by surface run-off (a river or stream 

originating from the upland areas) as well as subsurface run-off (springs). Since the valleys are 

waterlogged during the wet season, hampering land preparation and cultivation, vinyungu are 

cultivated mostly during the dry season. This farming system is common in Makete, Ludewa, 

Mufindi, Iringa and Njombe districts of Iringa region and is practiced mainly by the Bena and 

Hehe tribes of all social classes. 

Overall, the area under irrigation in Tanzania is relatively small. However, reports indicate 

that irrigated land in the country is diminishing in quality due to factors such as salinization and 

sedimentation caused by erosion and perpetrated by poor management (Majule and Mwalyosi, 

2003; Kaswamila and Tenge, 1997). This situation further diminishes the production potential of 

the remaining irrigable land. 

Unfortunately, unlike countries such as Uganda and Zambia for instance, Tanzania does 

not currently have a national policy on wetlands, although efforts are underway to produce one. 

The national water management strategy is also at the developmental stages. This means wetland 

users currently lack guidance on best management practices over wetland resources. National 

policies that can provide an enabling framework within which to improve the status of wetlands 

sometimes promote actions which conflict in terms of improving the quality of wetlands. For 

example, policies on agriculture, food security, and poverty reduction promote expansion of 
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irrigation, in most cases, regardless of where or how it is done or its consequences. Such actions 

confuse policy implementers, i.e., local government and local resource users. Also, overlapping 

responsibilities between policies are known to cause confusion as to who is to do what and can 

end in no action in the areas of overlap. In summary, both existing and non-existing policies in 

Tanzania currently make it difficult to manage wetlands effectively, and many may be 

deteriorating. 

Today, only three wetlands (the Malagarasi-Muyovozi, Lake Natron and the Kilombero 

Valley) have some form of management following their designation as Ramsar sites, i.e., 

wetlands of international importance. The remaining wetlands are utilized for irrigation, among 

other uses, without guidance from the government. 

Due to poor technology, lack of capital, and, high maintenance costs that large irrigation 

systems require, most rural farmers in Iringa (and Tanzania in general) confine themselves to 

traditional irrigation practices. 

2.3 Summary of the Theoretical Background and Formulation of Hypotheses 

2.3.1 Summary of the Theoretical Background 

This section summarizes the theoretical background with a focus on land use at the 

household level and explores important relationships and variables amenable to land-use 

changes. 

Households make daily land-use choices (or, changes in land-use) with respect to their 

perceived risk and expected financial returns. These choices are influenced by different factors 

including household characteristics, ecological conditions, and economic conditions. Through 

interviews, these factors were investigated to determine 1) how they influence wetland 

conversion to agricultural land; and, 2) how they influence transformations in agricultural 

practices in wetlands. Land-use changes eventually lead to land-cover changes that, in turn, lead 
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to further land-use changes. GIS and remote sensing technologies were used to determine the 

amount of change of the wetland area that is used for agriculture. 

Analysis of drivers of smallholders farming decisions has shown that household 

characteristics play an important role in land-cover change. In the case of this study, household 

characteristics may influence the conversion or the non-conversion of wetlands to agriculture. 

Such characteristics include resource availability, i.e. , 1) land; 2) the amount of labor available 

for agriculture (in terms of numbers and age - both of which determine the labor force available 

for agriculture and hence the amount of land that can be exploited); and 3) the amount of cash 

available within the household for such purposes as labor hire, renting or purchase of land, and 

technological improvement (e.g., use of fertilizer). Availability of cash and labor have also been 

linked to agricultural expansion and intensification (see the analysis of population growth and 

agricultural land-use, section 2.2.3). Under this theorization, two hypotheses were tested. 

Hypothesis 1: Greater number of people within the working age in a household would be 

associated with greater farm size and number of crops grown; and, Hypothesis 3: Farmers are 

likely to use household income on farm inputs (i.e. fertilizer and labor) so as to improve crop 

production. 

Vinyungu-farming practice has, for many years, been predominatly a woman’s activity that 

supplemented upland food production. It is not anticipated, therefore, that gender and duration of 

residence will have a strong association with vinyungu size or types of crops grown – hence, 

Hypothesis 2: Farmer’s gender or duration of residence in the village is not associated with the 

size of vinyungu farming area or types of crops grown. 

Ecological conditions, especially poor soil fertility and scanty rainfall, reduce per capita 

food production (sections 2.2.4 and 2.2.5). A larger population and a high population density 
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reduce the amount of land available for agriculture (section 2.2.3). Shortage of arable land due to 

poor ecological conditions or to a larger population, usually leads to agricultural intensification, 

i.e., an increase in total input per unit of land area, or extensification, i.e., an increase in total area 

cultivated (see, for example, the frontier thesis under section 2.2.2 and Bilsborow and Ogendo 

theorization under section 2.2.3). As shortage of land in areas traditionally farmed increases, 

more and more people are forced into marginal lands. Therefore, wetlands (historically 

considered unproductive and unhealthy yet with rich soils and moisture-holding capacity) may 

now be considered potential agricultural lands (sections 2.2.6 and 2.2.7). This transformation 

may be further facilitated by construction of roads as roads tend to increase human access to 

areas that were previously unreacheable. However, active farms require adequate labor and 

frequent attention, they tend to be closer to human settlements (see Chisholm’s findings in 

section 2.2.2). Accordingly, in this research, the following additional hypotheses were tested: 

Hypothesis 4: Members of households located within a short distance from the wetlands are 

more likely to practice vinyungu farming system; and, Hypothesis 5: Greater expansion of 

vinyungu farms would be associated with increased conversion of wetland area to agricultural 

land. 

Economic factors play an important role in influencing land-use/cover change. Based on 

von Thünen theory, a land use activity with the highest value of output is usually found on land 

closest to the market. On the other hand, transportation costs increase with increased distance 

from the population center (including markets). To minimize production costs and maximize 

profit, farmers produce high market value-crops near the population center and lower market 

value-crops (or subsistence crops) further away from the population center. Therefore, distance 

to roads (including access to transportation) and access to markets do influence land-use/cover 
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change (section 2.2.2). Based on this theorization, the following hypotheses were tested: 

Hypothesis 6: Residing close to the main roads would be associated with greater proportion of 

wetland converted to agriculture; Hypothesis 7: Residing close to a major market would be 

associated with greater proportion of the wetland converted to agriculture; and, Hypothesis 8: 

Residing close to major roads and markets would be associated with cultivation of a greater 

proportion of cash crops than food crops. 

To cope with food demands of growing populations, farmers make several production 

adjustments so as to improve the quality and productivity of land. Such adjustments include the 

adoption of land-intensive technology, e.g., adoption of new technologies, increased labor inputs 

per unit of land, and use of natural or artificial fertilizer (section 2.2.3). In this research, the 

following hypothesis was tested, Hypothesis 9: Households with greater proportion of land for 

cash-crop cultivation would be associated with increasing costs of farm inputs (labor and 

fertilizer). 

2.3.2 Justification of the Hypotheses 

This study uses information from a single time-point to assess factors of wetlands 

conversion in the Ndembera basin. For this reason, I acknowledge that the causes of wetlands 

conversion over the course of the past 30 years could not be completely determined through this 

study design. However, there is overwhelming evidence showing trends of population growth in 

these areas  (and the country in general) during the same time period. Therefore, the basic 

justification of the hypotheses tested in this thesis is that certain attributes of population pressure 

in the wetland areas (for example, proximity to wetland areas, household size, and food 

requirements) may have contributed to the increasing rate of wetlands conversions over time. 

Consequently, I formulated hypotheses to test the current interrelationships in vinyungu farming 

as a way of gaining knowledge of the possible factors of wetlands conversions over time. On 
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their own, the current interrelationships in vinyungu farming are expected to provide an 

important input in  any future policies aimed at sustainable wetlands use. 
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CHAPTER 3 
STUDY OF FARMER AND HOUSEHOLD FACTORS INFLUENCING VINYUNGU 

FARMING SYSTEM 

3.1 Study Area 

3.1.1 Location 

Ndembera swamp is part of the Ndembera River system (also called Lyandembera) found 

between Iringa and Mufindi districts of Iringa region, southwest of Tanzania (Figure 1-2). 

The entire catchment occupies an area of 1,834.10 km2. The Ndembera river is perennial 

and therefore of great importance, especially during the dry season, to farmers in the immediate 

environments as well as those further downstream. The catchment is adjacent to the Tanzania-

Zambia (TANZAM) highway, one of the major highways in to the country that connects the 

cities of Dar es Salaam and Mbeya. 

3.1.2 Physical Environment 

Topographically, dissected rolling hills and tangled mountain streams with numerous 

shallow valleys of tectonic origin characterize Iringa region. Swamps are formed at valley 

bottoms where rich organic matter accumulates, creating an ideal environment for agricultural 

development. 

The rainfall pattern in the region is mono-modal. The annual rainfall totals vary with years 

but generally range between 500 and 1600 mm. The highland zone, mostly between 1,600 and 

2,700 m above sea level (asl) on the eastern fringe of Iringa and Mufindi districts, has higher 

rainfall that ranges between 1,000 and 1,600 mm per year. The midland zone, mostly between 

1,200 and 1,600 m asl on the majority of Mufindi district, has moderate to low rainfall, ranging 

between 600 and 1,000 mm per year. The lowland zone, mostly between 900 and 1,200 m asl on 

the most westerly parts of Iringa and Mufindi districts, has low rainfall that ranges between 500 

and 600 mm per year. Precipitation, the dominant factor governing wetland hydrology, is low 
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during the dry season (June to October) and high during the wet season (November to May) with 

highest levels recorded between March and April. It is during the dry periods, i.e., June – 

October, that farmers cultivate the vinyungu. The wet period, i.e., November to May, is spent 

mostly in the upland plots. The annual temperature is typically lower (150 C) in hilly areas (with 

extremes in June to July) and higher (between 250 C and 300 C) in lowlands (with extremes in 

December). 

3.1.3 Demographic Characteristics 

In 2002, the human population of Iringa region was 1,490,892 (URT, 2003). The 

population grew by 24% and 23% for Iringa and Mufindi districts respectively, over a period of 

14 years between 1988 and 2002. These rates are on a high side when compared to the food 

production rates in the region that are falling (URT, 1999). It is estimated that 20% of the 

population of the entire region lives in the urban centers of Iringa, Mafinga, Makambako and 

Njombe. The remaining 80% of the population lives in rural areas and engages in agriculture as 

their main livelihood activity. 

3.1.4 Socioeconomic Situation 

The major contribution to the economy of Iringa and Mufindi districts comes from 

agriculture. In Iringa district for example, agriculture contributes 81.7% to the district’s Gross 

Domestic Product (GDP) while other activities (livestock keeping, fishing, forestry, mining and 

trading) collectively contribute the remaining 18.3%. However, much contribution to the 81.7% 

comes from estates (including tobacco and tea estates). Otherwise, the majority of the 

community consists of subsistence farmers who have a very low income and are generally 

categorized as poor hence with less contribution to the GDP (URT, 2004a and b). 
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3.1.5 Agriculture 

Iringa District has a total of 16,607.85 sq. km (or 1,660,800 ha) of arable land of which 

only 120,612 ha (7.2%) are utilized for cultivation (URT, 1997). In Mufindi district, 133,200 ha 

(i.e., 19.6% of the arable land) are cultivated. An even smaller percentage of the land suitable for 

irrigation is irrigated. For example, an estimated 50,000 ha (or 500 sq. km) of land are suitable 

for irrigation farming in Iringa but only 3,812 ha are actually under irrigated cultivation. The low 

percentage is attributed to many factors including poor agriculture infrastructure and soil 

infertility (URT, 1997). 

Reduced soil fertility as well as frequent and prolonged droughts are some of the major 

factors contributing to reduced production levels in the region in terms of yield per unit area. 

According to the Danish Development Agency (DANIDA, 1982) droughts occur every after ten 

years, causing food production to drop by more than half the normal production levels. Examples 

include a very low maize productivity in 1996 where an average of 2 tons of maize per hectare 

was harvested against the normal capacity of 6.5 tons per hectare, despite government subsidies 

(URT, 1999). 

Availability of water and fertile soils in wetland areas make them attractive for agriculture. 

The numerous perennial streams in the region provide reliable water for both wet and dry season 

farming and as such, the government of Tanzania is already promoting irrigation systems in such 

ecosystems (DANIDA, 1982). While high soil water content of valley bottom swamps may make 

cultivation difficult, farmers in Iringa region have devised vinyungu to overcome this problem 

and improve crop production in the region. Over the years, this technology has been transformed 

to cope with prevailing situations such as unreliable rainfall and increasing soil infertility. The 

transformation, which includes further expansion of cultivated area, has not been examined to 
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determine its extent and implications on wetland resources and the overall sustainability of the 

practice. 

This study investigated the characteristics and nature of transformation of this technology 

and evaluated the environmental implications of this transformation. Iringa and Mufindi Districts 

were selected for this study for the following reasons: 1) they represent typical vinyungu 

cultivation practice in Iringa; 2) there exist previous studies on the subject in Iringa district and it 

was felt to be useful to conduct more research which builds upon the earlier work; 3) the 

Tanzania-Zambia (TANZAM) highway that connects major cities of the country (Mbeya and 

Dar es Salaam), traverses the two Districts and may have implications on both the marketing and 

transportation of agricultural produce as well as on inputs used on the farms; 4) availability of 

good quality aerial photos of the target area; and, 5) accessibility and logistics of sampling. 

3.2 Material and Methods 

In order to test the hypotheses, I examined the current trends in vinyungu-farming system 

practices; explored the different factors that may be influencing farmers to change their 

traditional farming system; and, analyzed how changes in this farming system may in turn be 

influencing changes in the wetland cover in the study area. The main sources of data were 

individuals and communities directly involved with vinyungu farming. Formal questionnaires 

were used to gather information from individual farmers. The research also adopted a 

Participatory Rural Appraisal (PRA) approach that has been proved to be effective in eliciting 

detailed quantitative information where community-related studies are concerned (Chambers, 

1994; Brace, 1995). PRA also facilitates discussion among community members as they analyze, 

investigate, and present their experiences. Village meetings were held to validate the information 

collected. 
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3.2.1 Sample Profile and Sampling Procedure 

The sample population was obtained from nine villages in Iringa and Mufindi Districts, 

i.e., Usengelindete, Wasa, Muwimbi, Kiponzero, Ihemi, Ilandutwa, and Ifunda in Iringa District 

and Rungemba and Maduma in Mufindi District. 

A list of adults known to cultivate/own vinyungu was obtained from village leaders of all 

villages within the study area. Farmers were disaggregated by sex, village and ability to express 

oneself as determined by the village leadership. Ability to express oneself was assessed by level 

of education (mostly those who have attended at least primary school and can read and write) 

and/or active participation in previous village meetings.  From a list of 3,000 adult farmers who 

were eligible for the study, a random sample of six (6) adult farmers from each village was 

selected for interview, making a total of fifty-four (54) interviewees (refer to Appendix A for 

sample size calculation). Information gathered from the study area through village leaders and 

ward officials showed that of those engaged in vinyungu farming nearly 95% grow both food and 

cash crops. From this information, I wanted to create a sample of vinyungu farmers with a 90% 

confidence that it would include farmers who were growing both food and cash crops. Sample 

size for this confidence interval was 51 farmers (Appendix A). I chose to select 54 farmers 

because it was the closest number that gave me equal number of farmers, i.e., six farmers from 

each of the nine villages. In addition to the interviewed farmers, other farmers from the same 

village as interviewees were invited for group discussions to examine their perceptions of 

various community issues pertaining to vinyungu farming and use of wetlands (some of the 

major issues covered in group discussions are listed in Appendix C). The information gathered 

from the group discussions was used to support the generalizability of the findings. 
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3.2.2 Data Collection 

Primary data on vinyungu farming were collected in three main phases and involved both 

formal and informal survey methods. The first phase involved a formal survey using a pre-

designed questionnaire (Appendix B). The questionnaire was used to collect information on 

vinyungu farming from the 54 representative farmers. 

During the individual farmer’s interviews, interviewees were provided an opportunity to 

decide whether or not they were willing to participate, to ensure a participatory process. District 

staff accompanied me to all the interviews and assisted with translations where necessary. 

The questionnaire was read to the interviewees who also had a blank copy for reference. In 

all cases, the research team, i.e., an interpreter (a District staff) and myself, recorded interviewee 

responses on the questionnaire. The questionnaire was designed to generate information on the 

factors driving farmers to cultivate vinyungu; the role of vinyungu in supporting livelihoods; 

reasons for current transformation in the practice of vinyungu farming; and, on the environmental 

implications of the farming system (Appendix A). 

The questionnaire was divided into three sections. The first section focused on household 

information, i.e., general demographics, migrant status and motivations for living in the area, 

community identity, education level, main activities, and society affiliation. The second section 

focused on land availability, crop preferences, fallow period, and trends in wetland use and 

status. The last section focused on labor, input, tools and problems related to vinyungu farming. 

The questionnaire has been used to test all the nine study hypotheses. For hypothesis 1, 

“Greater number of people within the working age in a household would be associated with 

greater farm size and number of crops grown”, information on age, main occupation, land 

ownership, land acquisition, land type owned, size of upland plots and vinyungu, and vinyungu 

area cultivated food and cash crops was gathered through the questionnaire. 
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For hypothesis 2, “Farmer’s sex or duration of residence in the village is not associated 

with the size of vinyungu farming area or types of crops grown”, information on the number and 

type of crops grown and on the proportion of land used for both cash and food crops as they 

relate to sex and duration of residence in the village, was sought. 

For hypothesis 3, “Farmers are likely to use household income on farm inputs (i.e., 

fertilizer and labor) so as to improve crop production”, households were asked how much they 

spent on fertilizer and labor hire and whether or not both labor and fertilizer were easily available 

during the peak periods. Farmers were also asked how much money they accrue from cultivating 

the wetlands. 

For hypothesis 4, “Members of households located within a short distance from the 

wetlands are more likely to practice vinyungu farming system”, households were asked whether 

they own, rent, rent-out or borrow land; the size of the land, type of tenure and length of 

ownership; and distance traveled to the farm. They were also asked the location of their plots 

(upland/wetland); the period of cultivation (wet/dry season); and the condition of their upland 

fields in terms of production. 

For hypothesis 5, “Greater expansion of vinyungu farms would be associated with 

increased conversion of wetland area to agricultural land”, farmers were asked about the status of 

the wetland use (i.e., whether or not wetland utilization for cultivation has increased); status of 

the wetland (i.e., whether or not wetland size and vegetation cover has declined since they 

moved into the area); soil fertility; erosion; number of residents (i.e., whether or not there is a 

population increase); factors that attracted farmers to cultivate vinyungu in this area; and whether 

or not there were any management plans for the surrounding wetlands. Information on farmers’ 
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perception of environmental problems associated with vinyungu farming was also sought. This 

hypothesis was further tested using GIS and remote sensing technologies. 

For hypothesis 6, “Residing close to the main roads would be associated with greater 

proportion of wetland converted to agriculture”, farmers were asked of the distance between their 

plots and the main road. Most farmers have a clear understanding of the distance they walk to the 

main road or their farms. Linear regression was used to determine whether or not distance to 

main roads influenced greater conversion of wetlands to agriculture. 

For hypothesis 7, “Residing close to a major market would be associated with greater 

proportion of the wetland converted to agriculture”, farmers were examined to determine 

whether or not they develop land for vinyungu farming in relation to the distance to the market. 

The distance from the market to the center of each village was measured as an estimate distance 

from the farms within that village to the main market. 

For hypothesis 8, “Residing close to major roads and markets would be associated with 

cultivation of a greater proportion of cash crops than food crops”, information on distance from 

farms to major roads/ markets, types of crops grown, and proportion of land occupied by both 

food and cash crops was sought. 

For hypothesis 9, “Households with greater proportion of land for cash-crop cultivation 

would be associated with increasing costs of farm inputs (labor and fertilizer)”, information on 

labor (hired workers) per day, the time of the year the hiring occurs, and tasks performed, was 

gathered. In addition, information on use of inputs and tools in cultivation (types and costs of 

fertilizer, types and number of agricultural tools) was also asked. 

The second phase involved a PRA exercise (Chambers, 1994; Brace, 1995) that brought 

together all the 54 interviewees to discuss issues that cut across village boundaries, e.g., water 
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flow and rate downstream. In addition to discussing vinyungu-farming practices in general, 

information was sought on reasons for transformations in the practice as well as on their views 

about the environmental implications of the practice. Semi structured discussions were core to 

the exercise, but in addition, ranking techniques, Venn diagrams, and proportional piling (where 

participants used stones to indicate the relative importance of different information) were used in 

gathering information from farmers. Participants recorded key outputs on flip charts. In addition, 

all the meetings were tape-recorded and research assistants who also attended the meetings 

produced the transcripts.  

Village meetings were conducted in all nine villages to 1) share the outcome of the PRA 

exercise with all the other farmers; 2) gather farmers’ views on the outcome of the PRA exercise; 

and, 3) obtain any additional information and views about vinyungu. In trying to determine 

farmer’s perception on environmental aspects associated with vinyungu farming, four to five 

meetings were conducted per village, i.e., within four to five hamlets (sub-villages) per village. 

A total of forty short (one hour each) meetings were held. This was done to allow a more 

thorough discussion among villagers, in smaller groups, of the pertinent environmental issues. 

Prior to all village meetings, a formal request was sent to the Village Chairmen of all nine 

villages to call for a village meeting where a formal introduction was made to the village 

community, the purpose of the research made known, and farmers cooperation in the interviews 

requested. A proportionate number of adult (>18 years old) male and female participants was 

requested.  

A total of 2,302 farmers attended the meetings. Assisted by District staff, I moderated the 

discussions to avoid bias or dominance by influential members of society. The discussions were 



 

54 

guided by a group questionnaire (Appendix C). These meetings were also tape-recorded and their 

transcripts were compared to those of the 54 farmers. 

All activities in the field were preceded by a formal introduction to the village 

representatives. District officials introduced the researcher to the village government and study 

participants as a student collecting information on the past and current vinyungu-farming 

practices and their relation to recent wetland-cover changes. 

3.2.3 Methods of Data Analysis 

This study explored the extent of vinyungu-farming practice in wetland areas and its 

perceived effects on the environment. A combination of quantitative and qualitative methods was 

used to meet the objectives of the study. I have shown previously that little is known about the 

effects of vinyungu-farming system on the environment. For this reason, data gathering was 

made mainly qualitative for in-depth interviews and focus groups in order to generate detailed 

data that are likely to offer the context under which vinyungu-farming practice changes over 

time. Information gathered from the randomly selected major vinyungu cultivators was mainly 

quantitative. 

Methods of analysis are divided into three parts. The three parts of analyses used relevant 

data to (i) describe the background information of the farmers, (ii) establish important 

associations between the farmers and various aspects of vinyungu-farming practice, and (iii) 

develop statistical models that can predict use of resources in vinyungu farming. In this chapter, 

farmer’s perception on various environmental issues that may be associated with vinyungu 

farming, was assessed. To assess and document the magnitude and extent of change of the 

Ndembera wetland area used for vinyungu cultivation, GIS and remote sensing methods were 

used (Chapter 4). 
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3.2.3.1 Descriptive Statistics 

Within this part of the analysis, important demographic features of the farmers who 

participated in the study are described. Descriptive statistics including means for continuous 

variables and percentages for categorical variables are computed for all participating farmers. 

Qualitative data explaining demographics of the villagers are also summarized in this part of 

analysis. 

3.2.3.2 Measures of Associations 

The effect of vinyungu-farming practice on the environment was partly assessed by the 

association between some important farmer or household attributes and the environment, which 

includes both the infrastructure, e.g., use of farm implements, and farm characteristics, e.g., size, 

and location. In this part of analysis association tests were conducted to determine whether there 

is an association between (i) sex and plot size,  (ii) household size and plot size, (iii) distance 

from home to plot and plot size, (iv) distance from the plot to major road/market and plot size, 

(v) number of cash crops grown and plot size, (vi) population size and vinyungu farming area. 

The Pearson’s Chi-square tests evaluated statistical significance of these relationships. Important 

relationships obtained from the qualitative data are also narrated under this part of analysis. In 

addition, prior to multivariable analysis, t-tests were run to compare mean levels of size of plots 

(wetlands and uplands), years of vinyungu cultivation, size of vinyungu rent out, travel times, and 

proportion of vinyungu planted cash/food crops. 

3.2.3.3 Multivariable Analysis 

Detailed analysis of some of the relationships examined in Part II was conducted using 

multivariable analysis. Multivariable linear regression was employed in this section to determine 

factors affecting plot sizes and types of crops grown (dependent variables) for both wetland and 

upland farming. This analysis will indicate the importance of each independent variable (distance 
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to the plot, distance to the market, ownership, proximity to major river, number of household 

members within working age, sex, farm labor, use of fertilizer, duration of vinyungu farming, 

duration of residence, and sex) on the size of plot used for vinyungu and other farming practices. 

For this exploratory study, all these factors were entered in the model without using any selection 

criteria.  

All statistical procedures in the three parts of analyses were conducted using SPSS for 

Windows version 13.0 statistical package. The significance level of all tests was set at p < 0.05. 

3.3 Results: Farmer and Household Characteristics of Valley-Bottom Cultivation 
(vinyungu) around the Ndembera Swamp in Iringa and Mufindi Districts 

This section presents the major findings of the study on farmer and household factors 

affecting vinyungu-farming system. The results are presented in accordance to the three parts of 

methods of analysis: descriptive statistics, bivariate relationships between farmer and household 

characteristics and factors influencing vinyungu-farming system, and the multivariate model of 

the factors influencing vinyungu farming. Results on farmers’ perception on the environmental 

issues that may be related to vinyungu cultivation are also presented here. 

3.3.1 Sociodemographic Characteristics 

The Hehe and Bena are the dominant tribes representing respectively 72% and 22% of the 

total population. Minor tribes are the Jita, Kinga and Wawanji. The major tribes are from within 

Iringa region while the minor tribes are from other regions in the country, indicating a minor 

inmigration. The average number of people per household is six with approximately half of them 

within the productive age of between 18 and 60 years old1. Based on the 2002 population and 

                                                           
1 The International Labor Organization (ILO) recognizes children as those ranging between ages 5-17. The National 
Youth Development Policy of Tanzania recognizes ages 15-24 as youths (below which are children). Age 18 is 
considered “mature and able to vote”  while 60 is a pensionable retirement age. For the purpose of this study, I used 
“working ages” and not age distribution in the general population in my categorization. I have categorized ages 0-17 
as children (potential labor force); ages 18-35 as youths (and the major labor force that is also dynamic and can own 
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housing census, the population distribution in the study villages stands at 20,695, i.e., 9,863 

people (48%) between 0 and 14 years old; 5,880 people (28%)  between 15 and 34 years old; 

3,493 people (17%) between 35 and 59 years old; and 1,459 people (7%) at 60 and above years 

old (URT, 2003). The major labor force lies between ages 15 and 59 which constitutes 45% of 

the population. However, at the village level, 10 and 14 year olds (15%) are also involved in 

some minor farm activities hence raising the farm labor force to 60% of the entire population in 

the study villages. 

Table 3-1 below summarizes the sociodemographic characteristics of the major vinyungu 

farmers who participated in the survey. The results show that 63% of the farmers were men and 

about 91% were married. The higher number of men in the sample may have been influenced by 

the sampling methods where preference was given to  a representative farmer that owned a 

kinyungu and who also had a proven ability to express oneself eloquently in the previous village 

meetings. There was no significant age difference between men and women sampled. A majority 

of the farmers had primary education and, as expected, almost all of them (96.3%) were engaged 

in agriculture as their main occupation. The high proportion of residents with only primary 

education is typical of rural areas in Tanzania, where agricultural activities are a major 

occupation that starts at an early age and traditionally require no formal qualifications. Only a 

small proportion of the farmers (27.8%) are members of farmers’ cooperative unions, most of 

which have been established only recently, i.e., in the early 1990s following a boom of paprika 

as a cash crop. Cooperative unions prevalent in the 1970s became defunct in the late 1980s 

mainly because most farmers felt exploited by them and also because they made more loss than 

they did profit. 

                                                                                                                                                                                           
land); ages 36-60 as adults (and an important work force, perharps more settled); and, ages 61 and above as the 
ederly (and not a major labor force). 
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3.3.1.1 Land tenure/ownership 

With regards to land ownership, Table 3-1 shows that almost all the farmers use their own 

land for farming activities. While most of the farmers (79.6%) acquired their land through 

inheritance, about 15% bought the land they currently own. The rest (5.6%) have acquired land 

through the village government. 

Through group discussions, farmers indicated that individuals from the same village who 

are not landowners or who want to increase productivity, might request access to vinyungu 

owned by colleagues or relatives both within and outside their village, especially from 

landowners that are unable to cultivate their entire property due to lack of human or financial 

resources. This pattern however, is becoming rare while renting is slowly increasing. 

Information gathered through group discussions also indicated that vinyungu ownership 

among households differed in numbers from one kinyungu per household to as many as ten 

vinyungu per household and that these vinyungu are mostly within the same valley the vinyungu 

farmers live in. A few vinyungu may be scattered over several valleys, a factor driven by the size 

of the valley and accessibility. 

The data in Table 3-1 also show, as expected among farmers in this area, that typically 

farmers in the study area would have both vinyungu and upland plots for their farming activities. 

Group discussions confirmed that villagers may engage in other activities but all of them did 

indeed cultivate the uplands, vinyungu, or both. However, there is a substantial difference in the 

size of land owned for these types of plots. Nearly 70% of the farmers own at least three acres 

(1.2 ha) of upland plots compared to only about 11% who own the same acreage for vinyungu 

plots. 
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3.3.1.2 Crop production, crop preference and land use 

In group discussions in all nine villages farmers reported that vinyungu farms have become 

extremely important for both food and cash crop production especially when compared to upland 

plots. For example, upland production of maize as the main food and cash crop has declined 

from an average of 30 bags/ha in the 1970s/80s to about 15 bags/ha in the 1990s/00s, even after 

application of inorganic fertilizer (Table 3-2). Farmers attributed this decline to a number of 

factors including droughts, poor soils, lack of extension services and removal of government 

subsidies that were key in providing adequate fertilizer and modern farm implements. On the 

other hand, maize production in the vinyungu has increased from an average of 23 bags/ha in the 

1970s/80s to an average of 33 bags/ha in the 1990s/00s (Table 3-2). 

The most common food crops grown on vinyungu include maize, potatoes, beans, and 

cassava. Maize, potatoes, beans, and vegetables such as peas, tomatoes, onions, and green pepper 

are important sources of income. Farmers reported that, in most cases, vinyungu are cultivated at 

least twice a year, mostly during the dry season when market prices are also higher hence 

maximizing profit (Table 3-3).  Maize, potatoes, beans, and some vegetables are sown around 

August/ September and harvested in November/ December (potatoes, beans, and vegetables) and 

later around January/February (maize and vegetables). The second round of planting takes place 

in March/April and harvesting takes place in June/ July. Vegetables may be sown and harvested 

thrice a year, depending on water availability. By juggling upland and bottomland cultivation, 

farmers are able to produce enough food year-round as well as increase family income. 

Table 3-1 shows that there are differences in the use of vinyungu plots with respect to the 

types of crops grown. A larger proportion of the farmers (83.4% vs. 52.0%) use at least half the 

size of their vinyungu plots for growing food crops compared to cash crops. 
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3.3.1.3 Inputs on vinyungu 

Data from Table 3-1 showed that on average, farmers used Tshs 22,245±13,103 

(approximately U.S. $22±13) per bag of inorganic fertilizer per growing season per household. 

At least 87% of the farmers interviewed use inorganic fertilizer despite the high costs and limited 

availability. Most farmers buy between 1 and  3 bags per season for both upland and lowland 

farms and use about half to 1 bag of inorganic fertilizer in their vinyungu. The individual farmers 

that were interviewed attributed the use of fertilizer on vinyungu plots in the recent years (1990s 

- 2005) to a decline in soil fertility. 

While several sources of labor exist (e.g., hired labor, neighbors, friends), farmers reported 

family members (i.e., husband, wife, children, dependents) as the most commonly used labor. 

Neighbors or friends may be requested to help in cases where family labor is not adequate to 

perform the task. The other alternative is hired labor. Data from Table 3-1 show that the mean 

cost of hired labor is Tshs 9,983 ± 3,975 (U.S. $10±4) per acre per household. Although most 

farmers consider this rate high, at least 52% hire labor for the most laborious task of land 

preparation and rely on family labor (or friends) for other farm activities such as planting, 

weeding and harvesting. 

Tables 4-7 show the results of Part II of the bivariate analysis that explored the association 

between vinyungu farming practice and factors of influence that included sex, age, years of 

residence in the village, and number of potential workers (aged 18 to 60 years) in the household. 

Vinyungu farming was assessed as (i) size of vinyungu plots owned by household, (ii) size of 

vinyungu plots grown in the dry season, (iii) number of cash crops grown on vinyungu plots, and 

(iv) size of vinyungu plots grown cash crops. 

The results in Table 3-4 show that vinyungu-farming practice is associated with the number 

of working household members and age of the farmer. Specifically, the data indicated that 
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number of household members who can work is associated with the size of vinyungu. Almost all 

households with more than three working members had large farming lands and, in addition, 

over 54.8% such households had plots covering over an acre (> 0.4 ha) of land compared to 

45.2% of those households with at most three members. Also, farmers in the 36-to-60-year-old 

age group were more likely to have large vinyungu plots compared to other age groups. 

The results in Table 3-7 showed that age is associated with the size of vinyungu plots 

cultivated with cash crops (χ2 = 4.432; p = 0.039). Here, farmers belonging to all age groups tend 

to use less than 50% of their plots to grow cash crops.  

None of the selected factors of influence was related to either size of vinyungu plots during 

the dry season (Table 3-5) or number of cash crops grown (Table 3-6) at the bivariate level. 

Overall, there was no difference between men and women in vinyungu-farming practices. That 

is, men and women had similar patterns of land-use for vinyungu farming system in the study 

area at this level of analysis. 

3.3.1.4 Multivariable analysis 

In this part of analysis a multivariable regression model was used to assess factors 

affecting vinyungu-farming system. For this purpose, a general linear multivariable regression 

model was fitted to the data collected from major vinyungu cultivators. Four variables, overall 

size of vinyungu plots, size of vinyungu plots during the dry season, number of cash crops, and 

size of vinyungu plots grown cash crops were selected as dependent variables describing 

vinyungu-farming system. Four models, one for each dependent variable, were fitted to 

determine how farmer and household characteristics influenced the dependent variables. The 

independent variables included sex, distance from plot to major market, distance from plot to 

major road, distance from house to plot, cost of hired labor, cost of fertilizer, number of workers 

in the household and years lived in the village. Number of cash crops (described above as 
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dependent variable) was also used as independent variable in the model for overall size of 

vinyungu and size of vinyungu plots in dry season. The problem of multicollinearity, i.e., high 

correlations among the variables used in the model, was addressed prior to fitting of each of the 

four models to avoid biased regression estimates.   

The results of the linear regression models are presented in Table 3-8.  Results from Model 

I (overall size of vinyungu) show that the constant term is positive and significant. This means 

regardless of the independent variables (or predictors) I have selected for this model, a farmer is 

expected to have vinyungu plots with an average size of 1.558 ha. The model also showed that 

the number of working persons in the household is related to the overall size of vinyungu plots 

the household owns. Specifically, the data indicate that for each additional person of working age 

group in a household, the size of vinyungu plot increases by 0.76 ha (p=0.029). 

The relationship between distance from vinyungu plots to both major market and main road 

appeared to have the hypothesized direction, but did not attain statistical significance. Also, sex, 

costs of labor and fertilizer, duration of residence in the village and number of cash crops were 

not related to the overall size of vinyungu plots owned by the farmers. Lastly, the R-Square for 

model I was 0.342. This indicates that 34.2% of the variation in the size of vinyungu plots can be 

attributed to the variations in the predictors selected to fit this model.  

Model II was fitted to assess factors influencing size of vinyungu plots during the dry 

season. My results revealed that the number of persons in a working group per household as well 

as duration of residence in the village were associated with the size of vinyungu plots grown 

during the dry season. On average, each additional person in the working group increases the 

size of plots by 0.251 ha per household (p=0.024). Combined with the results of Model I, these 

results support hypothesis 1, i.e., greater number of persons in a working age group in a 
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household is associated with greater size of the cultivated vinyungu plots. However, hypotheses 6 

and 7 (i.e., residing close to the main roads and major market respectively, would be associated 

with greater proportion of wetland converted to agriculture) are not supported. The results show 

that residents with fewer years of residence in the villages are more likely to have larger sizes of 

vinyungu plots in the dry season. 

Model III assesses predictors of the number of cash crops grown in the vinyungu plots. I 

found that distance from the farmer’s house to the plot is associated with the number of cash 

crops grown. On the average, each additional kilometer of the distance between the house and 

the plot is associated with a reduction of about 0.2 (or one out of five) possible cash crops that 

can be grown in the vinyungu plots. In this model, the selected predictors explained only 28% of 

the variation in the number of cash crops grown in the plots. That is, the data had the poorest fit 

on Model III. 

Lastly, Model IV was used to analyze factors of the proportion of vinyungu plots for 

growing cash crops. The constant term indicates that when all predictors have no effect in the 

model (i.e., when all coefficients are zero), we would expect that, on average, farmers would 

have 61% of their vinyungu plots grown cash crops. Also, results show that sex and duration of 

residence in the village were associated with the size of plots used to grow cash crops. Men had 

16.5% more of their vinyungu plots grown cash crops compared to women. This finding 

indicates that men, who were previously not involved in vinyungu cultivation except where hired 

by women to prepare land for cultivation (Lema, 1996; Masija, 1993), are now increasingly 

getting involved in this farming system and that they have interest in expanding their plots to 

grow cash crops.  Similar to the results of Model II, I found in Model IV that duration of 

residence was associated to the size of vinyungu plots for growing cash crops. Those residents 
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with fewer years of residence in the villages were more likely to have larger proportions of their 

vinyungu plots used to grow cash crops. All distance factors had the expected direction of 

relationship with the size of vinyungu for growing cash crops, but were not statistically 

significant. 

Lastly, Table 3-8 shows that age, years of residence in the village, use of fertilizer have no 

effect on the household’s engagement in vinyungu-farming practice. 

3.3.2 Environmental Issues Related to Vinyungu Cultivation 

This section presents farmer’s perceptions on different environmental issues as discussed 

during the village meetings (Table 3-9) and through individual farmers interviews (Table 3-10). 

Descriptive statistics have been used to analyze the data. 

Table 3-9 shows that land availability is not a problem in the area. Instead, farmer’s 

decision to cultivate vinyungu is driven by the availability of water (75%) and soil fertility 

(20%). Figures 4 and 5 show the different sources of water used to make vinyungu cultivation 

possible. 

Data in Table 3-9 also show that the use of the wetlands for vinyungu cultivation has 

increased when compared to the 1970s (97.5% of the responses). This is further supported by 

data obtained through individual farmer’s interview whereby 63% of the farmers reported a 

tremendous increase in the use of wetlands for vinyungu cultivation (Table 3-10). While wetland 

size and soil fertility were reported to be declining, soil erosion was reported to be increasing - as 

a result of the expansion of vinyungu cultivation over the years. Farmers perceive reduced water 

flow as the biggest problem resulting from the cultivation of vinyungu, followed by reduced soil 

fertility, increased soil erosion, and drying of the wetland (Tables 9 and 10). At least 68% of the 

responses associated soil erosion with the way vinyungu are cultivated, i.e., close to riverbanks 

and catchment areas as well as massive clearance of wetland vegetation such as Cyperus papyrus 
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(madete) and some important catchment vegetation such as Syzygium cordatum (mivengi). 

Through village discussions and individual farmers interviews, it was apparent that availability 

of water and soil fertility are influencing farmers to clear more wetlands to create new vinyungu. 

At least 93% of the respondents reported an increased number of households in the study 

area. This increase may also be playing a part in influencing increased conversion of wetlands to 

agriculture. Figure 3-3 shows Ndembera river - only 1.5 meters behind the wetland vegetation, 

farmers are cultivating vinyungu and they are expanding their vinyungu towards the river. 

Farmers also reported that human conflict over use of wetland resources (land, water) was not 

observed in the 1970s but is now growing.  Although education on sustainable practices has been 

provided and land use plans developed in many villages, farmers reported this to be a very recent 

(2004/5) undertaking. 

3.3.3 Discussion 

This chapter examined the current trends in vinyungu-farming system practices and 

explored the different farmer and household factors that may be influencing farmers to change 

their traditional farming system as well as the implications of the new developments on wetland 

resources. 

Most farmers in the study area would have both vinyungu and upland plots for their 

farming activities. However, the size of upland plots owned by farmers tends to be larger than 

that of vinyungu. Land is acquired mostly through inheritance and is usually in close proximity to 

the villages where farmers live. Therefore, members of households located within a short 

distance from the wetlands do cultivate vinyungu. Although a few farmers purchased their 

farmland, this trend is not common practice. 

Farmers’ decision to cultivate vinyungu and increase the size of their plots seems to be 

partly driven by the availability of water, soil fertility and increased production. Due to declining 
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soil fertility in the vinyungu, however, most farmers (87.5%) use inorganic fertilizer. This 

supports Hypothesis 3, i.e., Farmers are likely to use household income on farm inputs (i.e., 

fertilizer and labor) so as to improve crop production. 

Family members, irrespective of sex, are the main source of labor in the construction of 

vinyungu. The results in this section support Hypothesis 1. It has been observed that the greater 

the number of people within a working age group in a household, the greater the size of vinyungu 

the household is likely to own. Hired labor is considered expensive and is therefore rarely used 

except for a tough task of land clearing. 

The negative regression coefficients on distance factors values indicate that close 

proximity to both markets and roads is likely to influence an increase in both the size of 

vinyungu and the proportion of vinyungu cultivated cash crops (Hypotheses 6,7, and 8). Although 

these relationships were not statistically significant, they give an indication of the validity of the 

hypothesized relationships. 

Sex, costs of labor and fertilizer, duration of residence in the village and number of cash 

crops were not related to the overall size of vinyungu plots owned by the farmers as was 

postulated in Hypothesis 2, i.e., farmer’s sex or duration of residence in the village is not 

associated with the size of vinyungu farming area or types of crops grown. 

Sex, age, years of residence, and number of people that can work did not seem to influence 

the size of vinyungu plots cultivated during the dry season or number of cash crops grown, at the 

bivariate level. However, at the multivariate level, the number of persons in a working age group 

per household and duration of residence in the village were associated with the size of vinyungu 

plots grown during the dry season. That is, households with a greater number of people within a 

working age group are more likely to have more area in vinyungu during the dry season 
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(p=0.024) and residents with fewer years of residence in the villages are more likely to have 

larger sizes of vinyungu plots in the dry season (p=0.048). An important implication of this 

finding could be the movement of farmers coming to settle into the wetland areas. These farmers, 

who are likely to migrate from more arid areas, seem to have tendency to cultivate larger 

vinyungu plots during the dry season. These farmers tend to buy the land they cultivate and a few 

rent. 

There was no consistent difference between men and women in vinyungu-farming 

practices. That is, men and women had similar patterns of land-use for vinyungu-farming system. 

The only gender difference was observed in the proportion of land used to grow cash crops. Men 

had a higher percentage of their land used to grow cash crops. This is an indication of a new 

tradition in vinyungu , i.e., having men more engaged with vinyungu farming and more 

specifically in cultivation of cash crops. 

Distance from the farmer’s house to the plot is inversely related to the number of cash 

crops grown, i.e., the further the plot is from the house the less the cash crops that can be grown 

in the vinyungu. 

I found out that age, duration of residence, and use of fertilizer were not consistent factors 

of vinyungu farming. With regards to age, I can explain that no differences occur in various 

aspects of vinyungu farming because persons of all ages tend to be farmers once they reach 

young adulthood. In this way, no specific age group may appear to have unique influence on 

vinyungu farming. 

The effect of duration of residence appeared to be limited to the growth of cash crops in 

the wetlands. Thus, its effect was not detected in other areas, e.g., overall vinyungu area and 
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percentage of area cultivated in the dry season. This implies migration to the wetlands is mainly 

influenced by cash crop production. 

Use of fertilizer appeared to have no influence on vinyungu-farming practice probably 

because all farmers are relatively at the same level of production, i.e., there is no difference in 

resources that enable farmers to acquire farm inputs. 

Increased soil erosion and reduced water flow, soil fertility and wetland size/ vegetation 

are associated with both the expansion and methods of vinyungu cultivation. These results partly 

support Hypothesis 5 which suggested that greater expansion of vinyungu farms would be 

associated with increased conversion of wetland area to agricultural land. Parallel to increasing 

environmental problems is growing human conflict over use of wetland resources, as was 

reported by farmers. 
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Table 3-1. Sociodemographic and Land Use Characteristics of the Sample Farmers in the study 
area (n=54)  

Variable Number Percent 
Sex 
    Male 
    Female 

 
34 
20 

 
63.0 
37.0 

  Age  
    18 – 35 years 
    36 – 60 years 
    61+ years 

 
21 
26 
 7 

 
39.0 
48.0 
13.0 

  Marital Status 
    Married 

 
49 

 
90.7 

  Education 
    Primary education 
    Primary and training 
    Secondary education 

 
41 
 8 
 5 

 
76.0 
14.8 
  9.2 

  Ethnic Distribution 
    Bena 
    Hehe 
    Jita 
    Kinga 
    Wawanji 

 
12 
39 
  1 
  1 
  1 

 
22.2 
72.2 
  1.9 
  1.9 
  1.9 

  Age distribution by household 
   >18 years old (median = 3) 
     None 
     1-2 people 
     3-4 people 
     5-6 people 
     7+ people 
   18-60 years old (median = 3) 
     None 
     1-2 people 
     3-4 people 
     5-6 people 
     >6 people 
   >60 years old (median = 0) 
     None 
     1 person 
     2 people 

 
 
  7 
  7 
23 
13 
  4 
 
  3 
22 
27 
  1 
  1 
 
47 
  5 
  2 

 
 
13 
13 
42.6 
24.1 
  7.4 
 
  5.6 
40.8 
50.0 
  1.9 
  1.9 
 
87.0 
  9.3 
  3.7 

Main Occupation 
    Agriculture 
    Small business (e.g.,  restaurant, local brew) 

 
52 
2 

 
96.3 
  3.7 

Cooperative Membership 
    Current member 

 
15 

 
27.8 
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Table 3-1 Continued 
Variable Number Percent 
Land Ownership 
    Own land  

 
53 

 
98.1 

Land Acquisition 
    Bought 
    Inherited 
    Given by the village government 

 
  8 
43 
  3 

 
14.8 
79.6 
  5.6 

Land Type Owned and Used 
    Both vinyungu and upland areas 

 
52 

 
96.3 

Size of Upland Plots 
    Less than an acre (<0.4 ha) 
    1 – 2 acres (0.4 - 0.8 ha) 
    3 – 4 acres (1.2 – 1.6 ha) 
    Over 4 acres (>1.6 Ha) 

 
  2 
15 
20 
17 

 
  3.7 
27.8 
37.0 
31.5 

Size of Vinyungu Plots 
    Less than an acre (<0.4 ha) 
    1 – 2 acres (0.4 - 0.8 ha) 
    3 – 4 acres (1.2 – 1.6 ha) 
    Over 4 acres (>1.6 Ha) 

 
27 
21 
  2 
  4 

 
50.0 
38.9 
  3.7 
  7.4 

Proportion of Vinyungu Area for Food Crops 
    Less than 50% 
    About 50% 
    Over 50% 

 
  9 
21 
24 

 
16.6 
39.0 
44.4 

Proportion of Vinyungu Area for Cash Crops 
    Less than 50% 
    About 50% 
    Over 50% 

 
26 
21 
  7 

 
48.0 
39.0 
13.0 

Cost of fertilizer/bag/growing season/HH (87% 
users ) Mean± SD 

TShs. 22,245±13,103 
($22 ± 13) 

Cost of labor/acre/HH 
 (52% hire labor) Mean± SD 

TShs. 9,983±3,975 ($10±4) 

 
Important cash crops include maize, potatoes, beans and vegetables such as tomatoes, onions and 
peas. Fertlizer commonly used are Urea and CAN (top dressing) and DAP and TSP (during 
planting). In this study, nutrient amounts were not calculated. 
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Table 3-2. Maize yields in uplands and vinyungu between 1970s and 2000s (village responses, 
n=9) (per year, i.e., one season in the uplands and two seasons in the vinyungu) 

Maize yields in the uplands Maize yields in the vinyungu  

 

Bags/ha Mean+SD 

1970s /80s 

30+6 

1990s/00s 

15+7.8 

1970s/80s 

23+11.5 

1990s/00s 

33+9.3 

<10 bags 0 response 3 responses 0 response 0 response 

10-19 bags 0 response 3 responses 6 responses 0 response 

20-29 bags 4 responses 3 responses 3 responses 0 response 

30-39 bags 5 responses 0 response 0 response 7 responses 

# of bags/ha 

farmers 

produced 

between 

1970-2005 ≥40 bags 0 response 0 response 0 response 2 responses 

Farmers expressed yields in bags/acre. Their estimates have been converted to bags/ha (1 bag=100kg when filled 
with maize grains) 
 
 
Table 3-3. Potential market price per unit output from cash crops grown in vinyunguand under 

rain fed agriculture 
Crop Growing season (No. 

of seasons/ year) 
Average price (TShs/bag or 
tenga) 

Average income 
(TShs/year) 

 Rain fed Vinyungu Rain fed Vinyungu Rain fed Vinyungu 

Maize (bag-1) 

Shelled and dried 

1 2 28,000 36,000 28,000 72,000 

Beans (bag-1) 

Shelled and dried 

1 2 54,000 54,000 54,000 108,000 

Potatoes (bag-1) 1 2 25,000 30,000 25,000 60,000 

Peas (bag-1) 

In pods, not dried 

1 2 20,000 15,000 20,000 30,000 

Onion (bag-1) 1 2 40,000 50,000 40,000 100,000 

Tomatoes (tenga-1) 1 3 3,000 5,000 3,000 15,000 

Cabbage (bag-1) 1 2 4,000 5,000 4,000 10,000 

1 bag = 100 kg when filled with dry maize grain; 1 tenga = a tin filled with 16 kg of dry maize 
grain; Tanzanian Shilling (TShs) 1,000 = $ 1 
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Table 3-4. Results of Chi-Square Analysis of the Farmer and Household Factors influencing 
Vinyungu-Farming Practice, i.e., size of vinyungu plots owned by household in 
relation to sex, age, years of residence in the village, and number of potential workers 

Factors of Influence Vinyungu size 
< 1 acre (< 0.4 ha)  

Vinyungu size 
≥1 acre (≥ 0.4 ha) 

Χ2 Р 

Sex 
    Female 
    Male 

 
10 (43.5) 
13 (56.5) 

 
10 (32.3) 
21 (67.7) 

 
 

0.713 

 
 

0.287 
Age 
   18-35 years 
   36-60 years 
   61 years or older 

 
13 (56.5) 
9 (39.1) 
1 (4.3) 

 
8 (25.8) 

17 (54.8) 
6 (19.4) 

 
 
 

6.174 

 
 
 

0.046 
Years of residence 
    ≤ 25 years 
    > 25 years  

 
9 (39.1) 

14 (60.9) 

 
12 (38.7) 
19 (61.3) 

 
 

0.001 

 
 

0.598 
Number of workers 
    ≤ 3 workers 
    > 3 workers 

 
22 (95.7) 

1 (4.3) 

 
14 (45.2) 
17 (54.8) 

 
 

10.963 

 
 

0.001 
 
Table 3-5. Results of Chi-Square Analysis of the Farmer and Household Factors influencing 

Vinyungu-Farming Practice, i.e., size of vinyungu plots grown in the dry season in 
relation to sex, age, years of residence in the village, and number of potential workers 

 
Factors of influence Vinyungu size dry season 

< 2 acres (< 0.8 ha)  
Vinyungu size dry season 

≥ 2 acres (≥ 0.8 ha) 
 
Χ2 

 
р 

Sex 
    Female 
    Male 

 
17 (36.2) 
30 (63.8) 

 
3 (42.9) 
4 (57.1) 

 
 

0.117 

 
 

0.519 
Age 
   18-35 years 
   36-60 years 
   61 years or older 

 
18 (38.3) 
24 (51.1) 
5 (10.6) 

 
3 (42.9) 
2 (28.6) 
2 (28.6) 

 
 
 

2.184 

 
 
 

0.336 
Years of residence 
    ≤ 25 years 
    > 25 years  

 
17 (36.2) 
30 (63.8) 

 
4 (57.1) 
3 (42.9) 

 
 

1.128 

 
 

0.256 
Number of workers 
    ≤ 3 workers 
    > 3 workers 

 
34 (72.3) 
13 (27.7) 

 
5 (71.4) 
2 (28.6) 

 
 

0.003 

 
 

0.637 
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Table 3-6. Results of Chi-Square Analysis of the Farmer and Household Factors influencing 
Vinyungu-Farming Practice, i.e., number of cash crops grown on vinyungu plots in 
relation to sex, age, years of residence in the village, and number of potential workers 

Factors of influence No. of cash crops 
≤ 3 

No. of cash crops 
> 3 

Χ2 р 

Sex 
    Female 
    Male 

 
10 (30.3) 
23 (69.7) 

 
10 (47.6) 
11 (52.4) 

 
 

1.650 

 
 

0.160 
Age 
   18-35 years 
   36-60 years 
   61 years or older 

 
15 (45.5) 
14 (42.4) 
4 (12.1) 

 
6 (28.6) 

12 (57.1) 
3 (14.3) 

 
 
 

1.564 

 
 
 

0.457 
Years of residence 
    ≤ 25 years 
    > 25 years  

 
13 (39.4) 
20 (60.6) 

 
8 (38.1) 

13 (61.9) 

 
 

0.009 

 
 

0.577 
Number of workers 
    ≤ 3 workers 
    > 3 workers 

 
24 (72.7) 
9 (27.3) 

 
15 (71.4) 
6 (28.6) 

 
 

0.011 

 
 

0.578 
 
Table 3-7. Results of Chi-Square Analysis of the Farmer and Household Factors influencing 

Vinyungu-Farming Practice, i.e., size of vinyungu plots grown cash crops in relation 
to sex, age, years of residence in the village, and number of potential workers 

Factors of influence Vinyungu area planted 
cash crops 
≤ 50%  

Vinyungu area planted 
cash crops 

> 50% 

 
Χ2 

 
р 

Sex 
    Female 
    Male 

 
18 (37.5) 
30 (62.5) 

 
2 (33.3) 
4 (66.7) 

 
 

0.040 

 
 

0.609 
Age 
   18-35 years 
   36-60 years 
   61 years or older 

 
21 (43.8) 
21 (43.8) 
6 (12.5) 

 
0 (0.0) 

5 (83.30) 
1 (16.7) 

 
 
 

4.432 

 
 
 

0.039 
Years of residence 
    ≤ 25 years 
    > 25 years  

 
18 (37.5) 
30 (62.5) 

 
3 (50.0) 
3 (50.0) 

 
 

0.351 

 
 

0.431 
Number of workers 
    ≤ 3 workers 
    > 3 workers 

 
35 (72.9) 
13 (27.1) 

 
4 (66.7) 
2 (33.7) 

 
 

0.104 

 
 

0.539 
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Table 3-8. Results of the Linear Regression Analysis of the Factors Affecting Vinyungu-Farming Practice 
Variable Size of Vinyungu 

Plot (I) 
Size of Vinyungu in 

Dry Season (II) 
Number of Cash 

Crops (III) 
Size of Vinyungu 

for Cash Crops (IV) 
 Coefficient р Coefficient Р Coefficient р Coefficient Р 

Constant 1.558 0.016 0.231 0.248 4.369 0.007 61.013 0.001 
Sex 0.218 0.563 -0.001 0.993 -0.478 0.505 16.492 0.031 
Distance to major market (km) -0.002 0.878 0.002 0.532 0.003 0.878 -0.032 0.886 
Distance from plot to main road (km) -0.010 0.664 0.000 0.987 0.067 0.136 -0.254 0.547 
Distance from house to plot (km) 0.001 0.979 NIa NIa -0.219 0.031 -0.058 0.953 
Labor cost ($) -0.001 0.564 0.000 0.646 0.000 0.776 0.000 0.722 
Cost of fertilizer ($) -0.001 0.396 0.000 0.876 0.000 0.765 0.000 0.088 
No. of working household members (#) 0.760 0.029 0.251 0.024 0.169 0.565 -1.768 0.778 
No. of years lived in the village (#) 0.002 0.844 -0.008 0.048 -0.036 0.155 -0.705 0.010 
No. of cash crops (#) 0.029 0.944 -0.031 0.355 NIa NIa NIa NIa 
R-Square 0.342 0.353 0.284 0.383 
a  Indicates variable “Not Included” in the model due to multicollinearity
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Table 3-9. Farmer’s perception on various environmental issues as discussed in the village 
meetings: the current state compared to the 1970s (n = 40) 

Variable Responses Percent 
Use of the wetland     
     Has increased 39 97.5
Wetland/wetland vegetation cover     
     Decreased/declined 36 90
Soil fertility     
     Soil fertility has increased 5 12.5
     Soil fertility has declined 33 82.5
Soil erosion     
     No erosion 0.5 12.5
     Some erosion 27 67.5
     Great erosion 6 15
Motivation to cultivate vinyungu in their area     
     Lack of alternative land 2 5
     Rich soil fertility 8 20
     Availability of water 30 75
Vinyungu cause environmental problems     
     Yes 37 92.5
The biggest poblem associated with vinyungu cultivation     
     Reduced water flow 23 57.5
     Reduced soil fertility 7 17.5
     Soil erosion 8 20
     Human conflicts 2 5
Management plans for wetland resources     
     Exist 25 62.5
     Do not exist 15 37.5
Education on sustainable practices     
    Has been provided 28 70
    Has not been provided 12 30
Suggestion to the Government on the future of vinyungu cultivation     
     Vinyungu cultivation be halted/ banned 6 15
     Sustainable/ best management practices be promoted 34 85
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Figure 3-1. A well is dug where water is not free flowing. Picture taken in Lumuli village in 

Iringa District, June 2005 

 

 
 
Figure 3-2. A river is diverted to supply vinyungu with water. Picture taken in Usengelindete 

village, Iringa District, June 2005 
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Figure 3-3. Picture showing Ndembera river behind which vinyungu cultivation is taking place in 

Maduma village, Mufindi District. An example of how close to the river the vinyungu 
are getting. Picture taken in June 2005 

  

Ndembera river  

Wetland vegetation  

Wetland  
vegetation  

Vinyungu cultivation taking 
place just 1.5 meters behind the 
wetland vegetation. Clearing 
of vegetation was ongoing at 
the time this photo was taken  
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Table 3-10. Individual farmer’s perception on various environmental issues (n=54) 
Variable Responses Percent 
Upland plots for crop production 
   Fairly productive 
   Not very productive 

 
37 
17 

68.5
31.5

Wetland plots for crop production 
   Very productive 
   Fairly productive 

 
28 
26 

51.9
48.1

Factors That influenced farmers to own or rent vinyungu 
   They are cheap, easy to get 
   Close proximity from home 
   High soil fertility 
   Excellent dry season alternative (availability of water) 

 
4 
4 

30 
16 

7.4
7.4

55.6
29.6

Trend in the utilization of wetlands for vinyungu cultivation 
   Use has increased tremendously 
   Use has increased slightly 
   Use has remained the same 
   Use has declined 

 
34 
15 
1 
4 

63.0
27.8
1.9
7.4

Trend in the number of households 
   Number of households has increased 
   Number of households has decreased 
   Number of households has remained the same 

 
50 
1 
3 

92.6
1.9
5.6

Environmental problems associated with vinyungu cultivation 
   Soil erosion 
   Sedimentation 
   Reduced water flow 
   Drying of the wetland 
   Reduced wetland size 
   Flooding 
   Erosion of river banks 
   None 

 
4 
4 

26 
6 
4 
4 
4 
2 

7.4
7.4

48.1
11.1
7.4
7.4
7.4
3.7
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CHAPTER 4 
USE OF GEOGRAPHIC INFORMATION SYSTEMS AND REMOTE SENSING TO 
DETERMINE THE MAGNITUDE AND RATE OF CONVERSION OF NDEMBERA 

SWAMP AS A RESULT OF VINYUNGU EXPANSION 

In the previous section of the thesis I explored changes in vinyungu cultivation, factors 

influencing the changes, and environmental implications as perceived by interviewed farmers. 

According to the farmers, vinyungu cultivation has increased over time. However, no study has 

been conducted to determine the extent and rate of wetlands conversion to agriculture. 

Geographic Information Systems (GIS) and Remote Sensing technologies are useful 

analytical tools for obtaining information on land-use/cover change (LUCC), including where 

and when LUCC occurs and the rates at which they occur (Lambin et al., 1999; Turner et al., 

1993). GIS are a computer-based systems of retrieving, storing, manipulating, updating and 

mapping spatially referenced data (Jones 1997). Remote Sensing is a method of collecting spatial 

data using remote sensors (i.e., not in direct contact with the target of interest) such as satellites 

and aerial photography (Jensen 1996). Remote sensing and GIS are often integrated and used to 

analyze ecosystems on multiple scales with both spatial and temporal factors. These technologies 

have been used to map and document changes in wetland use and cover (Burgi and Turner, 2002; 

Jensen et al., 1995; Munyati, 2000; Wang et al., 2006). Such studies have also been able to 

utilize these technologies to assess further the factors influencing the observed changes. Since 

field studies can be time consuming, expensive and cover only a small area, remote sensing 

offers a potentially cost-effective way to study ecological changes over time. 

I used remote sensing and GIS to determine the land-use and land-cover changes 

associated with agricultural activities around Ndembera swamp. My objectives were 1) to 

determine the magnitude of wetland change between 1977 and -1999; and, 2) to determine 
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whether or not there exists a relationship between agricultural land expansion and a decline in 

wetland area. 

4.1 Data Sets 

Two datasets from two different periods (1977 and 1999) were used to analyze land-use/ 

cover changes. Both datasets are based on un-rectified aerial photographs at the scale of 

1:50,000. 

4.2 Methods 

Photographs were interpreted, using a Topcon Stereoscope. Different land cover types 

were delineated on the set of un-rectified aerial photographs. Each land cover was symbolized at 

its location as one land use class or polygon, e.g., “Ag” represented “agricultural land”. 

Graphical radial triangulation method (Schwidefsky, 1959) was used to control the horizontal 

scale (vertical scale was controlled during the digitization process). Control points of common 

areas were marked on all maps including the 1:50,000 topographic maps (i.e., the base control 

map). 

Each photograph had a point that was stereoscopically located. By using these stereo 

located points, differences of scale between the first photograph to the second, third, fourth and 

so on were controlled. Transparent overlays were used to transfer the interpreted land covers 

from aerial photographs to the paper. The pieces of transparent paper were then joined by 

orientation technique (pass pointed) from the preliminary map. Tracing paper was laid on these 

transparent overlays and traced as first base map to be relayed on as the base map with all 

details. This was done for both 1977 and 1999. 

The data on the tracing papers were digitized to produce land-use maps of the study area 

for 1977 and 1999. Visual interpretation was preferred given the relatively small size of the study 

area. The resulting interpretation was also digitized using Arc INFO 3.5.1. To rectify the aerial 



 

81 

photographs, features such as road junctions and river confluence points were identified both on 

the two sets on one hand, and geo-referenced topographic maps (sheet no. 232/1 and 232/2) on 

the other hand. All photos were geometrically rectified and registered to a common UTM 

(Universal Transverse Mercator) projection based on 1:50,000 scale topographic maps of 

Tanzania (i.e., UTM zone 36 south, datum Arc 1960). The identified points were distributed 

throughout the study area. Using Arc INFO 3.5.1, the points were used to transform (project) the 

interpretation from aerial photographs. 

4.3 Data Analysis 

The coverage or layers produced in ArcINFO were used to produce land use/ cover maps 

of the two sets in ArcView 3.2. Data analysis to produce the change detection matrix was done 

using ArcView and Microsoft Excel. ArcView shape files were exported (as dbf files) to 

Microsoft Excel where the pivot table function was used to produce the change detection matrix. 

Quantitative data for the overall land use changes and gains and losses in each category were 

compiled (Table 4-2 and Table 4-3). The change matrix provides information on the main types 

of changes in the study area. 

4.4 Results 

Land use and land cover maps of 1977 and 1999 are displayed in Figure 4-1 and 4-2. The 

overall land use changes from 1977 to 1999 are shown in Table 4-2. According to the table, 

agricultural land was the largest land-use type, both in 1977 and 1999. Agricultural land took up 

65.3 and 46.0%, respectively, of the total area. As per Table 4-2, densely populated areas as well 

as areas of grassland and woodland increased from 1977 to 1999. On the contrary, agricultural 

land and open valleys declined. 

In 1977, agricultural land covered about 65% of the study area and with an estimated area 

of 589.4 ha, but in 1999, the total agricultural area was estimated to have decreased by about 
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29.4% to 416 ha. The annual rate of decrease is estimated at 1.3% during 1977-1999. Valley 

bottoms covered about 17.4% of the study area and with an estimated area of 157.4 ha, but in 

1999, the total valley bottom area was estimated to have declined by about 18.1% to 128.9 ha. 

The annual rate of decrease is approximately 1% during 1977-1999. Meanwhile, densely 

populated areas, grassland and woodland increased by about 138, 308, and 79% respectively 

with an annual growth rate of 6, 13 and 3% during 1977-1999. 

Results from the transition matrix in Table 4-3 indicated the area increase or decline of 

each land use type. It is clear that between 1977 and 1999, the transition replacement rates of 

agricultural land, populated area, grassland and woodland were high at 42.6, 44.5, 43.4, and 

49.6% respectively. That of valley bottoms was the lowest with a transition rate of 25.1%. 

Between 1977 and 1999, about 17% of valley bottoms were transformed to agricultural land and 

about 16% were transformed to grassland. 

4.5 Discussion 

 Remote sensing and GIS technologies were used to determine the land-use/cover changes 

associated with agricultural activities around the Ndembera swamp. Specifically, I evaluated the 

magnitude of wetland cover change that took place between 1977 and 1999 around Ndembera 

wetland. 

Ndembera wetland has been experiencing various changes over the years. Data on Table 4-

2 indicate that densely populated areas, grassland, and woodland areas increased between 1977 

and 1999 while agricultural land and wetland areas decreased during that same period. Although 

the agricultural land decreased, it remains the largest land use type in both 1977 and 1999. 

Table 4-2 shows changes of the wetland area between 1977 and 1999. Table 4-3 shows 

that the total wetland area declined by about 18% between 1977 and 1999 and that at least 17% 

of the wetland area was transformed to agriculture. This finding supports farmers’ perceptions 
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observed in Chapter 3 (Table 3-10 ) that wetland utilization for vinyungu cultivation has 

increased. At least 97% of the farmers interviewed reported this increase. In addition, 90% of the 

farmers that were interviewed believe the Ndembera wetland has decreased in size and that the 

rivers that drain into the wetland have dried – the outcomes they attributed to increased 

cultivation of vinyungu. Farmers attributed the increased utilization of vinyungu mainly to a 

decline in crop production from the uplands that is caused by increased soil infertility and 

droughts (Tables 9 and 10). The decline in crop production in the upland areas was further 

compounded by the structural adjustment program that started in the mid 1980s that required the 

government to stop subsidizing farmers for fertilizer and farm tools. Availability of water and 

fertile soils in the wetlands therefore, attracted farmers as a way to increase their cultivation of 

vinyungu. Today, vinyungu are not only attractive to farmers but also to the government. During 

group discussions, farmers reported they were directed by the government to cultivate vinyungu 

between 1992 and 1993 to overcome food shortage that was caused by prolonged droughts. 

Table 3-3 in Chapter 3 clearly indicates an increased income from vinyungu cultivation 

compared to rain fed agriculture. Farmers associated the increase in income with trade 

liberalization that occurred in the 1990s that allowed for improved marketing of goods both in 

and outside the country. The increase in income is likely to influence further conversion of 

wetlands to agriculture. 

Table 4-3 shows that human settlement in villages surrounding the Ndembera wetland has 

increased over time by 137%. This increase in human settlement may be contributing to 

increased conversion of wetlands to agriculture. 

The percentage change of the wetland to agriculture seems small. However, recurrent 

prolonged droughts and market forces that seem to contribute in driving vinyungu expansion 
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started only recently, meaning, the observed land cover changes took place within a relatively 

short period of time. For example, during the group discussions, farmers reported that the most 

popular crops, i.e., peas, tomatoes, onions, and potatoes started to be cultivated mostly in the 

1990s. Paprika (that is becoming increasingly important to farmers in terms of financial returns) 

started to be cultivated around 2004 and is now finding its way to vinyungu plots. 

Based on these findings, it is evident that wetlands are potential agricultural lands, that 

unexploited wetlands are likely to be continuously cleared as long as farmers have access to 

them, and that markets for goods obtained from vinyungu remain viable. These findings also 

confirm the hypothesis that expansion of vinyungu farming is decreasing the size of wetlands. 

About 25 ha (or 16%) of the wetland area has been transformed to grassland. The grassland 

in this area, as was observed during field survey, consists of short, dry (yellow) grass that 

remains so until during the rainy months (March to April) when the area may be inundated and 

the grass turns green. This is to say that the wetland vegetation has been replaced by vegetation 

that can withstand prolonged dry spells. This change may be caused by reduced water flows into 

the wetland that was reported by farmers (Table 3-9). It may also be due to accumulation of soils 

resulting from soil erosion further upstream that was reported by farmers during the interview 

(Table 3-9). Soil erosion upstream is known to cause sedimentation downstream that may be 

colonized by vegetation. 

Table 4-3 also shows that about 23% of the agricultural land changed to a woodland area. 

Farmers were asked during the group discussions the reasons for the agricultural land to be 

replaced by the woodlands. Farmers attributed this change to a ban made by the Government in 

the mid 1980s to stop farmers from cultivating finger millet in the woodlands, allowing a 

recolonization of woodlands in the previously cultivated areas. 



 

85 

About 10% of the agricultural land is transformed to a grassland area between 1977 and 

1999. Again, the grassland consists of short dry grass. These areas were observed as abandoned 

agricultural land. 

Other changes include the transformation of woodlands to agricultural land and to 

grassland. Farmers attributed these changes to encroachment into woodlands where woodlands 

are cleared for cultivation purposes or to obtain wood for home consumption. 

About 33% of the grassland areas changed to agricultural land between 1977 and 1999. 

Farmers reported these areas to be wetter than they used to be, probably due to change in the 

configuration of rivers that drain in to the Ndembera wetland. Availability of water makes them 

attractive for cultivation. 
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Table 4-1. Map History (i.e., Data used) 
S/N Date of Photograph Film No. Exposures Scales 

1828 111-114 

1844 137-142 

1809 144-151 

1 July 1977 (dry season) 

1809 106-113 

1:50,000 

RUN 15 2998-3004 

RUN 16 2587-2595 

2 September 1999 (dry 
season) 

RUN 17 2661-2670 

1:50,000 
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Figure 4-1. Ndembera swamp in 1977 (A). The inset map (B) shows Ndembera swamp location in Iringa region. 

A 

B 
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Figure 4-2. Ndembera swamp in 1999 (A). The inset map (B) shows tha location of Lyandembera swamp in Iringa region

A 

B 
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Figure 4-3. Land use/ cover change map (1977 and 1999) (A). The inset map (B) shows the location of Lyandembera swamp in Iringa

A 

B 
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Table 4-2. Total area (ha) and area of change of land use types from 1977 to 1999 
Total Area (ha) 
 

Total Area (%) 1977 – 1999 
(change) 

 Land use 
Type 1977 1999 1977 1999 (ha) % %/yr 
Densely Populated Areas 16.4 39.1 1.8 4.3 22.6 137.7 6.0 
Agricultural Land 589.4 416.0 65.3 46.0 -173.5 -29.4 -1.3 
Grassland 29.8 121.8 3.3 13.5 91.9 308.3 13.4 
Wetland 157.4 128.9 17.4 14.3 -28.5 -18.1 -0.8 
Woodland 110.2 197.6 12.2 21.9 87.4 79.27 3.5 
Estimated total 903.3 903.3 100.0 100.0   
 

“Wetland” is synonymous to “Open valley seasonally flooded” 

 
 
 
Table 4-3. Transition matrix of land use types from 1977 to 1999 (transition 

probabilities in %)   
Land                 
use type         1999           
  
  

Densely 
populated areas 

Agricultural 
Land Grassland Wetland Woodland 

1977 Area (Ha) % Area (Ha) % Area (Ha) % Area (Ha) % Area (Ha) % 
Densely 9.1 55.5 4.4 26.8 0.9 5.6 0.3 2.1 1.7 10
populated areas           
Agricultural land 27.3 4.6 338.3 57.4 60.5 10.3 24.9 4.2 138.4 23.5
Grassland 0.1 0.4 10 33.9 16.7 56.5 1.3 4.4 1.4 4.7
Wetland 1.8 1.2 27.2 17.3 25.4 16.1 102.2 65 0.8 0.5
Woodland 0.3 0.2 36.1 32.7 18.3 16.6 0.1 0.1 55.5 50.3
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CHAPTER 5 
DISCUSSION AND CONCLUSION 

5.1 Introduction 

This thesis examined the growth of wetland farming and its impact to the environment. 

The first four chapters presented the background and introduction to the study, literature review, 

analyses of farmer and household characteristics within the study area, and the assessment of 

land use and land cover change. In this fifth and last chapter, discussion of the major findings is 

covered. This chapter relates research findings to the research questions and hypotheses posed in 

Chapter 1. Policy and practice implications of these findings are also presented. A study 

conclusion that also discusses study limitations and recommendations for future research is 

covered in the last section of this thesis. 

5.2 Major Findings 

Analysis of farmer and household characteristics within the study area used a set of 

questionnaires to determine how vinyungu-farming practice is related to household and farmer 

characteristics; how vinyungu-farming system evolved between 1970s and 1990s; what have 

been the driving forces behind the changes in the vinyungu-farming practice; and, what have 

been the social and environmental implications of changes in vinyungu-farming system. The 

primary objective of this thesis was to study changes in land use over time and the environmental 

effects associated with those changes. 

Many farmers involved in vinyungu farming around Ndembera wetland in Iringa and 

Mufindi Districts of Iringa region, Tanzania, provided information for this study regarding their 

wetland use and their perceptions of changes. Analysis involved both quantitative and qualitative 

data from participating farmers and group discussions conducted in the study area. 
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I used the information gathered to test the hypotheses that members of households located 

within a short distance from the wetlands are more likely to practice vinyungu-farming system 

and that short distance from the wetlands to roads and markets would be associated with greater 

proportion of wetland converted to agriculture. I also tested the hypotheses that road and market 

accessibility would be associated with cultivation of a greater proportion of cash crops than food 

crops; greater cash crop production would be associated with increased costs of farm inputs 

(labor and fertilizer); greater number of people within the working age in a household would be 

associated with greater farm size and number of crops grown; and that farmers are likely to use 

household income on farm inputs (i.e., fertilizer and labor) so as to improve crop production. 

Farmer’s sex or duration of residence in the village was not expected to be associated with the 

size of vinyungu-farming area or types of crops grown. Some of these hypotheses have been 

supported while others have been rejected as has been illustrated in the following sections. 

The findings show that almost all farmers in the study area cultivate both vinyungu and 

upland plots. However, the size of their upland plots is larger than that of vinyungu, i.e., 70% of 

farmers own > 1.2 ha in the uplands compared to 11% who own > 1.2 ha of vinyungu. Although 

most farmers appear to own relatively small vinyungu plots, the overall area used for this farming 

practice is large because almost all farmers in this area own vinyungu. Ownership of both 

vinyungu and upland plots means that vinyungu cultivation is not there to replace upland 

cultivation but that both vinyungu and upland cultivation are important sources of livelihoods for 

the people of Iringa. Generally, a farmer’s decision to cultivate vinyungu is driven by the 

availability of labor, water, and soil fertility and not by lack of land. 
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At least 63% of those interviewed were men. Recalling that women previously 

predominantly undertook vinyungu cultivation, the higher proportion of men’s involvement 

indicates a growing interest in wetland use among men, possibly for highly profitable cash crops. 

Although almost all farmers cultivate on land they have acquired through inheritance, 

usually, in close proximity to the villages they live in, at least 15% bought the land they 

cultivate. The relatively large proportion of land purchases in these areas, where native farmers 

would mostly acquire land through traditional, non-monetary transactions, might be an indicator 

that there is a growing need and willingness to acquire and cultivate natural wetland areas among 

individuals from other areas of the region or country. 

Farmers may request access to vinyungu owned by colleagues or relatives both within and 

outside their village, especially from landowners that are unable to cultivate their entire property 

due to lack of human and financial resources. This trend however, is becoming rare while renting 

is slowly increasing. Currently though, only a few farmers do rent vinyungu plots from fellow 

farmers because such plots are not easily available and are relatively expensive. In most cases, 

vinyungu are held as a precious and limited resource by families and therefore, all farmers 

interviewed in this study reported that they do not rent out their plots to other farmers. Where the 

wetland area is large enough to accommodate more farmers, farmers from within the village 

could access more land without any formal request. Water resources are communally managed to 

ensure equal access among farmers. However, where the wetland resources are limited, there is 

an increase in conflicts over access to vinyungu land and to water resources. These conflicts were 

traditionally uncommon in the study area. 

Family members (i.e., husband, wife, children, dependents) are the most commonly used 

labor. This further explains that vinyungu cultivation is no longer a predominantly women’s 
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activity but rather an activity of the entire family. In fact, the linear regression revealed that both 

men and women cultivated vinyungu and that men had more of their vinyungu plots grown cash 

crops compared to women. The linear regression further revealed that households with a greater 

number of people within a working age group are more likely to have more area in vinyungu 

during the dry season. This is mainly because construction of vinyungu is both time-consuming 

and labor-intensive due to wet and heavy soils that are typical of wetlands. The time required to 

make a kinyungu is determined by the size of kinyungu desired and the labor available to 

accomplish the task. Labor hire is considered an expensive undertaking and it is therefore not 

often used. 

Crop production in the uplands has declined due to decline in soil fertility and rainfall. On 

the other hand, crop production in the vinyungu has increased mainly because farmers cultivate 

the vinyungu twice or thrice a year, maximizing use of the available water resources and fertile 

soils. Vinyungu are therefore considered important for both food and cash crop production. In 

this case, water, soil fertility, and increased production seem to influence farmers’ decisions to 

cultivate vinyungu and/or increase the size or number of plots. 

The bivariate analysis revealed that more farmers use at least half of their vinyungu plots 

for growing food crops compared to a few who use the same hectareage for growing cash crops. 

However, the linear regression, which included all factors influencing vinyungu farming, showed 

that farmers would have at least 61% of their vinyungu grown cash crops. This result suggests a 

growing importance of wetland use among the residents, i.e., an activity historically known to 

supplement food production from upland plots is now increasingly used to produce cash crops. 

Close proximity to both markets and roads was shown to influence an increase in both the 

size of vinyungu and the proportion of cultivated cash crops. However, in my study, these did not 
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show statistical significance. Various factors may explain why proximity to major markets and 

roads may not affect cash crop production. One, there have been concerted national efforts to 

improve communication networks in the country making most remote places easily accessible; 

and two, due to good road networks and market demand in major cities, middlemen buy crops 

from the farm and transport the produce to major markets where crops are sold at almost twice or 

thrice the original price. This eases sale of produce by farmers at the same time enables 

middlemen to make profit. 

Residents with fewer years of residence in the villages are more likely to have larger sizes 

of vinyungu plots in the dry season (p=0.048). It is not clear what could be the reason for this 

finding, but one possible explanation could be the influx of new residents into the wetland areas 

in recent years due to better crop production in the wetlands. These farmers did not have access 

to inherited crop land. 

Greater distance from the house to the plot was associated with lesser cash crop growing in 

the vinyungu. That is, plots that are further from home are used to grow mostly food crops. These 

farms are therefore not very active because active farms require adequate labor and frequent 

attention and as such, they are usually close to settlements.  

Duration of residence was associated with the size of vinyungu plots for growing cash 

crops, i.e., residents with fewer years of residence in the villages were more likely to have larger 

proportions of their vinyungu plots used to grow cash crops. It appears that new resident farmers 

are those that are interested in increasing income through the cultivation of wetlands. Thus, most 

recently settled farmers may be more inclined to growing cash crops than food crops. 

Expansion of vinyungu and cultivation near sources of water may be associated with 

farmers’ perceptions of reduced water flow, reduced soil fertility, reduced wetland size and 
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vegetation as well as increased soil erosion. As a result, at least 87.5% of farmers use inorganic 

fertilizer on vinyungu currently (1990s-00s) compared to the 1970s when they did not use 

fertilizer. As water resources are becoming limiting in Iringa region farmers reported increasing 

human conflict over use of these resources. 

As discussions with farmers clearly indicated an increased use of wetland resources for the 

cultivation of vinyungu, I used GIS and remote sensing technologies to determine the magnitude 

of wetland conversion to agriculture. GIS and remote sensing technologies are an economically 

feasible way of gathering information with high spatial, spectral, and temporal resolution over 

large areas (Verstraete et al., 1996). Lack of recorded historical data may limit the use of 

remotely sensed data to detecting land use changes due to difficulty in estimating uncertainties 

about the land use classification. However, field survey on land use, interviews with local 

farmers and district staffs to gather historical land cover data, and simple classification systems, 

make the use of remotely sensed data an effective means of acquiring information on land use 

changes, and these methods were employed in this research. 

Figure 4-2 shows the Ndembera wetland has experienced land use changes over time. A 

transition matrix was developed to test Hypothesis 5, “greater expansion of vinyungu farms 

would be associated with increased conversion of wetland area to agricultural land”. Table 4-3 

indicates a transition probability of 17% of the wetland area to agriculture. 

Farmers linked their interest on the wetland for crop production to lack of alternative land, 

soil fertility, and availability of water. In addition to these, they related the increased use of 

wetlands for agricultural purposes to changes that took place in the country about ten to twenty 

years ago. These include the structural adjustment program initiated in the mid 1980s that, 

among other things, took government subsidies away from farmers. Inputs such as inorganic 
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fertilizer became limited and expensive. Also, in the 1990s and especially 1992 and 1993, 

Tanzania experienced serious and prolonged droughts that affected crop production in the 

country. To many farmers, wetlands (typically with rich soils and wet conditions) offered a 

solution. Farmers also reported receiving government directives to cultivate vinyungu to 

overcome food insecurities. 

Farmers use at least 61% of their vinyungu to grow cash crops. This is to say vinyungu, 

historically known to supplement food production from the uplands, are now increasingly used to 

produce cash crops. Farmers associated this change to increased markets for their goods that was 

in turn influenced by trade liberalization that took place in the mid 1980s and was stronger in 

1990s. Trade liberalization replaced the former planned economic system with a market-driven 

economic system. It opened doors for Tanzanians to market their goods (both inside and outside 

the country) unlike during the former system where the government controlled all the marketing. 

This increased the ability of Tanzanians to purchase goods. It also made markets for Tanzanian 

goods (including food) available. The increased purchase power and markets encourage farmers 

to increase production, both in the uplands and the wetlands. 

As noted in chapter 3, farmers can cultivate vinyungu twice, even thrice a year. This 

increases production and financial gains, encouraging further conversion of wetlands to 

agriculture especially if the household has adequate labor to cultivate the arduous wetland soils. 

The percentage change of the wetland to agriculture seems small. However, some of the 

factors that seem to contribute in driving vinyungu expansion (droughts, poor soil conditions, and 

market forces) intensified in the late 1980s early 1990s, meaning, the observed land cover 

changes took place within a short period of time. 
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5.3 Conclusion 

This study was conducted in Iringa and Mufindi districts, both of Iringa region – in 

southwest Tanzania. Nine villages were studied. The goal of this study was to investigate the 

nature of transformation of the vinyungu-farming practice in the two districts and to determine 

factors influencing the transformations in this farming system and environmental implications 

associated with this farming system. Two approaches were used. First, I used structured 

questionnaires to determine farmer and household characteristics associated with vinyungu-

farming system as well as farmers’ perceptions on how the system has changed over time, factors 

influencing the change, and environmental implications associated with these changes. I then 

used remote sensing and GIS to investigate the relationship between wetland change and 

agricultural expansion.  

Several factors have been found to influence the transformation of wetlands to vinyungu 

fields. These include soil infertility of the upland plots - making the rich and moist wetland soils 

more attractive for agriculture. In the 1970s, vinyungu were small gardens cultivated by women 

to supplement household diets. However, with population growth, reduced soil fertility in the 

upland plots, rainfall unreliability and increased droughts, a demand for more arable land 

increased. Availability of surface water and the high water table of Iringa provide vital moisture 

that allows farmers to cultivate more than once in a year, hence maximizing household annual 

crop production. Generally, wetlands in the study area can still accommodate more vinyungu. 

This, plus the availability of family labor encourage further conversion of wetlands. Accessibility 

to major markets and roads did not appear to be strongly associated with the size of vinyungu 

cultivated or the proportion of vinyungu cultivated cash crops. However, given the improvement 

of the road systems, most farmers do not have to transport their produce to the major markets, as 

buyers drive to the farms to collect the produce to be sold in major markets. Lastly, farmers 
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reported that sometimes they cultivate vinyungu following government directives during severe 

droughts. 

This research also looked at how vinyungu farming practices have changed over the years. 

The results indicate a shift in agriculture in the area i.e. vinyungu farming system that 

supplemented household food obtained from uplands fields has evolved to an economic activity, 

producing cash crops for the internal market as well as for major towns and cities both in and 

outside the region.  Also, due to a decline of production power in the uplands and increased 

profitability in the vinyungu, this traditional irrigation system is transforming from being 

exclusively a woman’s activity to being an activity for both sexes. A slight increase in the size of 

vinyungu cultivated, use of fertilizer, year-round production of crops, and encroachment on to 

wetter parts of the wetland are other ways by which farmers have modified their traditional 

irrigation system. 

Modifications in the vinyungu-farming system have been influenced by a number of 

factors. These include social change in terms of population growth that required technological 

methods which would augment productivity so as to cope with growing populations and market 

demands that require fast, massive and efficient crop productivity (hence the use of fertilizer and 

repeated cultivation). Another factor is the decline of production power in the uplands due to 

various reasonssuch asreduced soil fertility and droughts. Improved accessibility allows the 

middlemen to reach farmers easily, increasing farmer’s ability to market both perishable and 

non-perishable crops. Individual needs to increase personal income to overcome social 

challenges and access social amenities such as education, health and clothing, also influence the 

modifications of vinyungu-farming system. Other reasons for modification of vinyungu-farming 

system may be the great profit accrued from sale of vinyungu produce over a short period given 
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the repeated production over a year. This encourages farmers to increase their energy on wetland 

plots. As such, use of the wetlands for vinyungu cultivation has increased when compared to the 

1970s as was indicated by nearly 98% of the respondents in this studyas well as through the GIS 

analysis that indicated the wetland area declined between 1977 and 1999 with agriculture being 

the major reason for that decline. 

Overall, good progress has been made in achieving the aims of the study. However, a few 

factors may have influenced the outcome of the study, for example, the small sample size and 

study area. Important data such as historical census at the village level is either lacking or 

incomplete, hence limiting the analysis of population change at the village level. Future research 

is needed to improve the predictive ability of the models used by including other factors, such as 

water quality, water flow and rate as well as better measurement of distance from the plots to 

markets and roads. I also recommend that future studies involve a much larger sample of farmers 

or follow the same group of farmers over time to establish the validity of the relationship 

between distance to major markets/ roads and growth of vinyungu farming as well as the 

relationship between women’s access to the middlemen and growth of vinyungu farming. Future 

studies may need to determine whether or not women compete with men in vinyungu farming 

and whether or not women have changed their roles following men’s participation. 

Finally, it is apparent that wetlands are of a great social and economic importance to the 

people living around them. On the other hand, farmers admitted an increased deterioration of 

wetland resources, an outcome they linked to a growing level of human activities. More 

importantly, farmers clearly understand that if the current use of wetland resources remains 

unchecked they may end up losing the very resourcse they depend upon for their livelihoods. As 

such, farmers welcome any intervention that would balance human needs and wetland 
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sustaninability. These findings provide an opportunity for the government to encourage farmers 

to adopt farming practices that conserve the wetlands. 

I hope that the results of this study would provide a useful addition to the knowledge on 

vinyungu farming dynamics. I expect that in the long-run, results of this study, when combined 

with those of earlier investigators on the evolvement of vinyungu farming, would provide an 

important input towards the making of policies governing the use of wetlands. 
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APPENDIX A 
SAMPLE SIZE DETERMINATION 

 
1. Reports from the village and other divisional leaders in the study area indicated that there were 

approximately 3,000 farmers in the nine villages that were selected for participation.   
 

2. For the purpose of this study, I wanted to obtain the approximate number of farmers who practiced 
vinyungu farming. After a series of discussions with the leaders and consultation of the village records, 
I determined that between 1,500 and 2,000 farmers were engaged in vinyungu farming. 

 
3. Of those practicing vinyungu farming, it was indicated that nearly 95% grow both food and cash crops. 

This study targeted those farmers, in order to measure the extent to which wetlands are used for 
subsistence and commercial farming. 

 
4.  I wanted to be 90% confident that my sample included at least 95% of farmers who grew both food 

and cash crop. With the 90% confidence level, α = 0.1. I imposed an error margin of ±5, i.e., I wanted 
to get this proportion within 5% of its true value. 

 
5. With this information, I used a standard formula for computing sample size for proportion shown 

below: 
 

                     
( )
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n α=     Equation A-1 

where z is the standard normal value corresponding to a (1-α) confidence coefficient, p=0.95 the 
population proportion, q=1-p=0.05, and E is the error margin. I have zα/2 = z0.05 = 1.65, and n is the 
sample size for a two-sided test. 
 
Inserting these values in equation 1, I get: 
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=n = 51.73 

 
6. Thus my calculations indicated that a minimum of 51 respondents is required to be 90% confident that 

the sample consists 95% of farmers who grow both food and cash crops in wetlands. 
 
7. To ensure that I obtain an equal number of farmers from each of the nine villages, I interviewed 54 

farmers, i.e., six from each village. 
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APPENDIX B 
SURVEY INSTRUMENT: INDIVIDUAL FARMER QUESTIONNAIRE 

B.1 Location 

1(a) Village_____________ 1(b) Ward____________ 1(c) Division__________ (1d) District ___________ 
1(e) Distance from interviewee’s house to the plot: (km) _________ 
1(f) Distance from main/tarmac road to center of plot of interviewee: (km) _________ 
 

B.2 Background Information 

2. Name_________________________________________ 
3. Sex: i) M  [   ] ii) F  [   ] 
4. Age:  i) <18  [  ] ii) 19-35  [   ] iii) 36-60  [   ] iv) >61  [   ] v) DN  [   ] 
5. Marital Status: i) Married  [   ] ii) Single  [   ] iii) Divorced  [   ] 

iv) Widowed  [   ]  v) Separated  [   ] 
6. Education level: i) Uneducated  [   ] ii) Primary  [   ] iii) Primary + Course  [   ] 

iv) Secondary  [   ] v) Higher Education  [   ] vi) Univ./College  [   ] 
7. How many people live in this household through most of the year (including yourself)? 
i) (61+) a) M  [   ]  b) F  [   ] ii) (18-60) a) M  [   ]  b) F  [   ] iii) (Under 18) a) M  [   ] b) F  [   ] 
8. Self-identified Cultural Group/Tribe_______________________ 
9. How many years have you lived here in this community? (Years/ duration) _________ (if immigrant go to Q.10, 
if resident go to Q.11) 
10. Where did you come from? i) (Village) _________________ ii) (Region) _______________ 
11. What inspired you to live around here? i) Easy access to land  [   ] ii) Soil fertility  [   ] 
iii) Family ties/ responsibilities  [   ]  iv) Inheritance  [   ] v) Close to good markets  [   ] vi) 

Close to my work place [   ] vii) Other:___________________ 
12. What do you do for a living/what is your main occupation? __________________ 
13(a) Do you belong to a farmer cooperative society/ farmer association? i) Yes  [   ] ii) No  [   ] 
(if no go to #14) 
13(b) If yes, what is the name of the cooperative society/ association? __________________ 
13(c) When did you join? (Year) _________ 
13 (d) What is the purpose of the society/association? _________________________________________ 
13(e) Has your membership been beneficial? i) Yes  [   ] ii) No  [   ] 
Explain______________________________________________________________________________ 
 

B.3 Land availability, crop preference, seasonality, and fallow period 

14(a) Do you own a piece of farmland? i) Yes  [   ] ii) No  [   ] (If  “No” go to # 22) 
14(b) How did you acquire this farmland? i) Bought it  [   ] ii) Given/inherited  [   ] iii) First here  [   ] iv) 
Other  [   ] __________________________________________________ 
14(c) Do you have some type of title or papers to indicate ownership? i) Yes  [   ] ii) No  [   ] 
Mention: ________________________________________________________ (If “No” go to # 15) 
14(d) If yes, how long is it valid for? (Years/Duration) _____ 
15. Where is the farmland? i) Wetland  [   ] ii) Upland  [   ] iii) Both  [   ] 
16. If cultivating in the wetland, when did you start cultivating there? (Year) _________________ 
17. What is the total estimated amount of land owned by the household?  
(a)Upland i) less than an acre (b) Wetland i) less than an acre 
  ii) 1-2 acres    ii) 1-2 acres 
  iii) 3-4 acres    iii) 3-4 acres 
  iv) 4+ acres    iv) 4+ acres 
18. When do you farm them? 
(a) Upland i) Dry season  [   ] ii) Wet season [   ] iii) Both  [   ] iv) Never  [   ] 
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(b) Wetland i) Dry season  [   ] ii) Wet season  [   ] iii) Both  [   ] iv) Never  [   ] 
19. How productive are the upland fields? i) Very productive  [   ] ii) Fairly productive  [   ]  iii) Not 
very productive  [   ] iv) Not at all productive  [    ] v) Can’t choose  [   ] 
20. How productive are the wetland fields? i) Very productive  [   ] ii) Fairly productive  [   ] iii) Not very 
productive  [   ] iv) Not at all productive  [   ] v) Can’t choose  [   ] 
21(a) Do you rent out or lend out your wetland farm to other farmers sometimes? i)Yes  [   ]ii) No  [   ] 
21(b) If yes, how many plots? _____ 
21(c) Of what area/size? i) less than an acre  [   ] ii) 1-2 acres  [   ] iii) 3-4 acres  [   ] iv) 4+ acres  [   ] 
21(d) If no, why?________________________________________________________________________ 
22(a) Do you rent/borrow wetland plots from other farmers to plant your crops? 
i) Yes  [   ] ii) No  [   ] (if no, go to #23) 
22(b) How many plots? __________________ 
22(c) Of what size? i) less than an acre  [   ] ii) 1-2 acres  [   ] iii) 3-4 acres  [   ] iv) 4+ acres  [   ] 
22(d) Do you use these plots differently than the plots you own? i) Yes  [   ] ii) No  [   ] 
22(e) If yes, please describe how ____________________________________________________ 
23. What influenced your decision to own or rent a wetland plot? 
i) cheap/easy to get  [   ] ii) close to the market  [   ] iii) close to home [   ] iv) high soil fertility  [   ] v) dry 
season alternative (water availability)  [   ] vi) other ____________________________ 
24. How far is your /rented wetland farm from the Ndembera river tributaries? 
i) right in the river valley  [   ] ii) 1-5m from the river [   ] iii) 6-10m from the river  [   ] iv) 11-15m from 
the river  [   ] v) 16+m from the river  [   ] 
25. How much of the land you own /rent is usually planted? 
(a) Upland i) Wet season?     All__   ____acres     (b) Wetland i) Wet season?     All__  ___acres 

ii) Dry season?     All__   ____acres   ii) Dry season       All__   ___acres 
ii) Both seasons? All__    ____acres  iii) Both seasons? All__    ___acres 

26. How far, roughly, do you have to travel to your plot(s)? 
(a) Upland i) around 30min (~4km)  (b) Wetland i) around 30min (~4km) 
  ii) around 1hr (~7km)    ii) around 1hr (~7km) 

iii) around 2hrs (~14km)    iii) around 2hrs (~14km) 
iv) > 2hrs (> 14km)    iv) > 2hrs (> 14km) 
v) Do not know     v) Do not know 

27. How often do you travel to each plot? (a) Upland ____  (b) Wetland ____ 
28. What 3 main crops are grown for food for the household? (Begin with the most important/ often eaten) 
Crop Rank Location  Crop Rank Location  Crop Rank Location 
 
_____ ____ _______  _____ ____ _______  _____ _____ _______ 
 
Others: _____________ 
 
29. What are the 3 main crops you grow for sale? (Rank by total income earned for hh from crop) 
Crop Rank Location  Crop Rank Location  Crop Rank Location 
 
_____ ____ _______  _____ ____ _______  _____ _____ _______ 
 
Others: _______________ 
  
30. What proportion of your wetland plot is planted with: (a) Food crops  ____%   (b) Cash crops ____% 
31(a). If you sell the food you produce from a wetland plot, what proportion remains to meet the household needs 
and what proportion is sold? (i) Remaining _______ %  (ii) Sold ______ % 
31(b) If you sell the food you produce from upland plots, what proportion remains to meet the household needs and 
what proportion is sold? (i) Remaining _______ %  (ii) Sold ______ % 
31(c) What do you use the money for? ______________________________________________________ 
32(a) Do you plant the same annual crops in each of your wetland plots year after year? 
i) Yes  [   ]  ii) No  [   ] 
32(b) If yes, why? _______________________________________________________________________ 
32(c) If no, please describe how you usually rotate your annual crops (season to season, year to year) 
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______________________________________________________________________________________ 
33(a) Do you purposely rest (fallow) any of your upland plots before planting them again? 
i) Yes  [   ] ii) No  [   ] 
33(b) If yes, How many seasons/ years do you rest each of your upland plots before planting them again? 
i) every season  [   ] ii) every after one season  [   ] iii) every after two seasons  [   ] iv) never  [   ]
 v) other _____________________________________ 
34(a) Do you purposely rest (fallow) any of your wetland plots before planting them again? 
) Yes  [   ] ) No  [   ] 
34(b) If yes, How many years/ seasons do you rest each of your wetland plots before planting them again? 
i) every season  [   ] ii) every after one season  [   ] iii) every after two seasons  [   ] iv) never  [   ]
 v) other _____________________________________ 
35. What was the status of the wetland when you moved here? 
i) in its natural state [   ] ii) inhabited  [   ] iii) cultivated  [   ] iv) Other ________________ 
36(a) How would you describe the trends in wetland utilization? 
i) uses have increased tremendously  [   ] ii) uses have increased slightly  [   ] iii) uses have remained the same  [   
] iv) uses have declined  [   ]  v) I don’t know  [   ] 
36(b) How many households use the wetland for valley-bottom cultivation? __________________ 
36(c) Has this number I) increased?   [   ] ii) Decreased?  [   ] iii) remained the same?  [   ] 
 

B.4 Labor, Input, and Tools on Vinyungu 

37(a) Do you work for other farmers as hired labor? i) Yes [   ]  ii) No  [   ] (If No, go to # 38) 
37(b) If yes, how much money do you get (per day or task)? (TShs) ________________ 
37(c) What is the main use of the money you earn from working? i) domestic use (food and clothing)  [   ] ii) pay 
school fees for kids  [   ] iii) re-invested on the farm  [   ] iv) pocket money for head of household  [   ] v) put to 
family business  [   ] vi) other: ___________________________________ 
38(a) Do you hire others to work for you? i) Yes  [   ]  ii) No  [   ] (If “No” g to # 40) 
38(b) If yes, for what tasks do you hire the labor? i) to cultivate  [   ] ii) to clear land  [   ] iii) to weed  [   ]
 iv) to harvest  [   ]  v) others:_______________________________ 
38(c) How much do you pay for labor (per day or task)? _______________________________ 
39(a) Can you find workers whenever you need them? i) Yes  [   ] ii) No  [   ] 
39(b) If yes, where do they come from? i) within the village  [   ] ii) neighboring villages  [   ] iii) other 
regions  [   ] iv) Don’t know Name: _________________________ 
40(a) Do you usually use manure on any of your crops or plots in the wetland? 
i) Yes  [   ] ii) No  [   ] (If No, go to # 41) 
40(b) If Yes, on which crops do you usually use manure? 
Crop    ____________ ____________ ____________ _____________ 
Type of manure (animal/ peat?) ____________ ____________ ____________ _____________ 
40(c) Have you always used manure since you started working a “kinyungu”? 
i) Yes  [   ] ii) No  [   ] 
40(d) If No, what might have triggered the use of manure recently? i) loss of fertility in the soil  [   ] ii) need 
to grow more and faster  [   ] iii) it is a habit to use manure  [   ] iv) easy way to discard family manure  [   ]
 v) other: ________________________________________________________ 
40(e) Do you usually have enough manure from your own animals/ source for your crops? 
i) Yes  [   ] ii) No  [   ] 
40(f) Do you ever buy manure? i) Yes [   ] ii) No  [   ]  (If no, go to question # 41) 
40(g) If yes, how often do you buy manure? i) every season  [   ] ii) every other season  [   ] iii) once every 
two seasons  [   ] iv)once every three seasons v) once every four seasons  v) Other: 
______________________ 
40(h) How much did you buy the last time you bought manure? i) 1-5 bags  [   ] ii) 6-10 bags  [   ] iii) 11-15 bags  [   
] iv) 16-20 bags  [   ] v) other ________ 
40(i) How much did you pay the last time you bought manure? i) <500 TShs per bag [   ] ii) 501-1000 TShs per bag  
[   ]  iii) 1001-1500 TShs per bag  [  ] iv) 1501-2000 TShs per bag  [   ] v)2001-2500 TShs per bag  
[   ] vi) 2501-3000 TShs per bag  [   ] vii) Other: __________________________ 
41(a) Do you use fertilizer on any of your crops? I) Yes  [   ] ii) No  [   ] (If no go to # 43) 
41(b) If Yes, how often do you use fertilizer? i) Regularly  [   ] ii) Occasionally  [   ] iii) Never  [   ] 
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41(c) Why did you begin to use fertilizer? i) loss of fertility in the soil  [   ] ii) need to grow more faster  [   ]
 iii) it is a habit to use fertilizer  [   ] iii)  other: 
_____________________________________________________________________ 
41(d) What type(s) of fertilizer do you use? __________________________________________ 
41(e) On which crop(s) do you use fertilizer? _____________________________________________ 
41(f) Where do you purchase or obtain the fertilizer from? ____________________________________ 
41(g) What amount do you purchase? i) 1-5 bags  [   ] ii) 6-10 bags  [   ] iii) 11-15 bags  [   ] iv) 16-20 bags  [   
] v) other ________ 
41(h) How much did you pay the last time you bought fertilizer? i) <500 TShs per bag [   ] ii) 501-1000 
TShs per bag  [   ]  iii) 1001-1500 TShs per bag  [  ] iv) 1501-2000 TShs per bag  [   ] v)2001-2500 
TShs per bag  [   ] vi) 2501-3000 TShs per bag  [   ] vii) Other: _____________ 
41(i) Is fertilizer always available if you have money to buy it? i) Yes  [   ] ii) No  [   ] 
42. If you have never used fertilizer, please give the reasons: _____________________________________ 
43(a) Are there any other methods (local/traditional) that you use to improve the soil fertility of your wetland 
plot/land? i) Yes  [   ] ii) No  [   ] 
43(b) If yes, what other methods do you use? _________________________________________________ 
44. How do you cultivate your fields? i) ox plow  [   ] ii) hand hoe  [   ] iii) tractor  [   ] 
If more than one practice please explain____________________________________________________ 
45. What would you say is the major agricultural problem associated with cultivating in the wetland? i) laborious  [   
] ii) costly investment  [   ] iii) conflicts iv) low return/low value for money  [   ] v) it is only 
seasonal  [   ] vi) Other: ______________________________________________ 
46. What would you say is the major environmental problem associated with cultivating in the wetland? i) soil 
erosion  [   ] ii) sedimentation  [   ] iii) reduced river flow  [   ] iv) drying of the wetland  [   ] v) 
reduced wetland size  [   ] vi) flooding  [   ]  vii) river banks erosion  [   ] ix) Other ____________ 
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APPENDIX C 
SURVEY INSTRUMENT : GROUP QUESTIONNAIRE 

C.1 Background 

1(a) Main tribe(s) _____________ ________________ _______________ ______________ 
 
1(b) Number of farmers present: i) Male  [   ] ii) Female  [   ] 
 

C.2 Land availability, cropping preference, and fallow period 

2(a). Do most farmers in this village i) own land  [   ] ii) rent land  [   ] iii) borrow land  [   ] 
2(b) What indicates ownership of land by a farmer in your villages? i) village government letter/certificate of 
ownership  [   ] ii) local government letter/ certificate of ownership  [   ] iii) title deed  [   ] iv) nothing  [   ]
 iv) Don’t know  [   ] 
2(c) Do most farmers in your villages have as much land as they need? i) Yes  [   ] ii) No  [   ] 
2(d) If “No” what do they do to cope with the situation? _________________________________________ 
3(a) What are the three most important crops grown for food in your villages for: 
 
Food crops _______________ ________________ ________________ 
3(b) What are the three most important crops grown for income in this village for: 
 
Income crops _______________ ________________ ________________ 
3(c) Which other important crops are grown in this village? 
 
Crops  ________________ _________________ ________________ 
 
4(a) What are the main crops grown in/around the wetland in the dry season? 
 
Crops   ____________ _____________ ______________ 
4(b) What are the main crops grown in/around the wet season? 
 
Crops   ______________ ______________  ______________ 
5. How long have “vinyungu” been cultivated? (Years) ____________ 
6. What inspired/attracted people to cultivate “vinyungu”? i) cheap/easy to get  [   ] ii) close to the market  [   ]
 iii) close to homes [   ] iv) high soil fertility  [   ] v) dry season alternative (water availability)  vi) 
close to people’s working places [   ] vi) other ____________________________ 
7(a) Do farmers in your villages rotate crops in their wetland fields? 
i) Yes  [   ] ii) No  [   ] 
7(b) If “No” why is that the case _____________________________________ 
7(c) Do farmers in your villages rest their farms before being planted again? 
i) Yes  [   ] ii) No  [   ] 
7(d) If “No” explain _____________________________________________________________________ 
8(a) Are the wetland plots in your villages irrigated? I) Yes  [   ] ii) No  [   ] 
8(b) If “Yes” which methods of irrigation are used? _________________________________________ 
8(c) If “No” why is it the case? __________________________________________________________ 
 

C.3 Input, Tools and Labor 

9. What is the most commonly used method of land preparation in the vinyungu in your villages? 
i) Hand hoeing  [   ]  ii) Ox plowing  [   ] iii) Tractors  [   ] 
10(a) Do farmers in your villages use fertilizer in the vinyungu? i) Yes [   ] ii) No  [   ] 
10(b) Have farmers always used fertilizer since they started working the “vinyungu”? 
i) Yes  [   ] ii) No  [   ] 
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10(c) If No, what might have triggered the use of fertilizer recently? i) loss of fertility in the soil  [   ] ii) need 
to grow more and faster  [   ] iii) it is become a habit to use fertilizer  [   ] iii) other: 
________________________________________________________ 
10(d) What proportion would say use fertilizer in the vinyungu? i) about ¼ of the farmers  [   ] ii) about ½ the 
farmers  [   ] iii) about ¾ of the farmers  [   ] iv) all  [   ] v) none  [  ] 
10(e) For what crops is fertilizer used? Crops ____________ ______________ ______________ 
10(f) How much does fertilizer cost in your villages? (TShs) ____________ 
10(g) Can most people afford fertilizer in your villages? i) Yes  [  ] ii) No  [   ] 
10(h) Was fertilizer available and enough for all farmers who were willing to pay the (higher) price? 
i) Yes  [   ] ii) No  [   ] Explain ____________________________________________ 
11(a) Do farmers in your villages use manure in the vinyungu? i) Yes  [   ] ii) No  [   ] 
11(b) What proportion would you say use manure? i) about ¼ of the farmers  [   ] ii) about ½ the farmers  [   
] iii) about ¾ of the farmers  [   ] iv) all  [   ] v) none  [  ] 
11(c) For what crops is the manure used? 
Crop  ____________ ____________ ____________ _____________ 
 
Type of manure ____________ ____________ ____________ _____________ 
 
11(d) Have farmers always used manure since they started working a “kinyungu”? 
i) Yes  [   ] ii) No  [   ] 
11(e) If No, what might have triggered the use of manure recently? i) loss of fertility in the soil  [   ] ii) need 
to grow more and faster  [   ] iii) it is a habit to use manure  [   ] iv) easy way to discard family manure  [   ]
 v) other: ________________________________________________________ 
11(f) From where do farmers get most of the manure they use? i) own animals  [   ] ii) buy  [   ] 
11(g) How much does manure cost in your villages? (TShs.)  _________________ 
12. Are there any other methods (local/traditional) that you use to improve the soil fertility of your land? 
i) Yes  [   ] ii) No  [   ] If yes, what other methods do you use? ______________________ 
13(a) Do farmers in your villages use hired labor? i) Yes  [   ]  ii) No  [   ] 
13(b) Are hired laborers available whenever farmers need them? ii) Yes  [   ] ii) No  [   ] 
13(c) If no, explain why ______________________________________________________________ 
14. From where do most farmers obtain the cash they need to pay farming expenses?________________ 
 
____________________________________________________________________________________ 
 

C.4 Wetlands vs. Uplands 

15. How important to you are the wetland fields for crop production cf. upland fields? 
i) Very important  [   ] ii) Fairly Important  [   ] iii) Not very important  [   ] iv) Not at all important  [   
] v) Can’t choose  [   ] 
16. How important to you are the wetland fields for income cf. upland fields? 
i) Very important  [   ] ii) Fairly Important  [   ] iii) Not very important  [   ] iv) Not at all important  [   
] v) Can’t choose 
17. If cultivating in both wetland and upland, do most farmers have adequate time to work in both fields? 
i) Yes  [   ] ii) No  [   ] If No, what do you do about it? ______________________________ 
18(a) Is there more or less renting of land now than in the past? I) More  [   ] ii) Less  [   ] iii) No change  [   
] 
18(b) What is the main reason? I) land unavailability  [   ] ii) land very expensive  [   ] iii) Other 
_________________ 
 
Cropping and Land Use about 35 years ago compared to today (relative to aerial photos of 1940s, 70s, 90s) 

Now I would like to know how the system has changed during the last 35 years that is from the 
late Mwalimu Julius Nyerere’s era to today - the time of political and economic changes. 
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19.Thirty-five years ago, what were the 3 main activities undertaken in the wetland by the villages around the 
Lyandembera? (in order of importance) ________________ _____________ ______________ 
20(a) Thirty-five years ago, what were the 3 main crops for food in your villages (rank in order of priority)? 
_____________ ___________________ __________________ 
20(b) Thirty-five years ago, what were the 3 main crops for income your villages (in order of priority)? 
________________ _________________________ __________________ 
 
 
21(a) Are there any new crops or varieties in this village now that were not grown thirty-five years ago? 
i) Yes  [   ] ii) No  [   ] 
21(b) If yes, please list crops in order of importance? ____________ _____________ _____________ 
21(c) When did farmers start to grow them? (Year) _________ 
21 (d) What is the main driving force for farmers to grow the most popular new crop? i) quick return for money and 
effort  [   ] ii) less laborious  [   ] iii) fetch more money  [   ] iv) needed to try different options  [   ] v) 
strong marketing by outside sources  [   ] vi) government directive  [   ] vii) Other _____________ 
22(a) Are there crops/varieties that you planted in the past that you no longer plant (or have sharply reduced 
planting)? i) Yes  [   ] ii) No  [   ] 
22(b) If yes, which ones? ______________ _____________ ______________ 
22(c) Why did you stop/reduce planting each of them? i) unmarketable  [   ] ii) laborious  [   ] iii) too costly to 
grow  [   ] iv) seeds not easily available  [   ] v) hard to store  [   ] vi) take too long to grow  [   ]
 vii) easily affected by diseases/pest/animals  [   ] viii) Other ___________________ 
23(a) How can upland yields be compared to the past? i) increased  [   ] ii) decreased  [   ] iii) same  [   ] 
23(b) How much maize (or whatever is popularly grown in the uplands) do you produce today compared to the 
1970s? 

Upland crop  1970s yield 2005 yields 

 
 
24(a) How can wetland yields be compared to the past? i) increased  [   ]    ii) decreased  [   ]   iii) same  [   ] 
24(b) How much crop (popularly grown in the wetlands) do you produce today compared to the 1970s? 

Wetland crop  1970s yield 2005 yield 

 
 
25(a) How can fertilizer cost be compared to the past? i) cheaper  [   ] ii) more expensive  [   ] ii) more or less 
the same  [   ] 
25(b) How has this affected use of fertilizer? i) reduced  [   ] ii) increased  [   ] iii) no change  [   ] 
25(c) (If use has declined) How do farmers compensate for using less fertilizer? 
i) use manure  [   ] ii) fallowing  [   ] iii) crop rotation  [   ] iv) Nothing  [   ] 
25(d) How has reduced use of fertilizer affected your crop output? i) reduced  [   ] ii) increased  [   ] iii) No 
change  [   ] 
25(e) How has reduced use of fertilizer affected your choice of crops or cropping patterns? 
 
______________________________________________________________________________________ 
 
26. How would you describe the trends in wetland utilization? 
i) uses have increased tremendously  [   ] ii) uses have increased slightly  [   ] iii) uses have remained the same  [   
] iv) uses have declined  [   ]  v) I don’t know  [   ] 
27. How would you compare the current wetland size to that of the 1970s? 
i) Has decreased  [   ] ii) Has increased  [   ] iii) No changes  [   ] iv) Don’t know  [   ] 
28. How would you compare the current vegetation cover/ natural state of the wetland to that of the 1970s? I) has 
increased/improved  [   ] ii) has decreased/declined  [   ] iii) no change  [   ] iv) Don’t know  [   ] 
29. How would you compare the current soil fertility to that of the 1970s? I) more fertile  [   ] ii) less fertile  [   ]
 iv) very unfertile  [   ] v) Do not know  [   ] 
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30. What would you say about the current state of the soil erosion in this area especially around the wetland? I) No 
erosion  [   ] ii) some erosion  [   ] iii) highly eroded  [   ]  iv) Don’t know  [   ] 
31. What would you say about relations over use of water for cultivation in the wetland? I) no conflict  [   ] ii) 
some/rare conflicts  [   ] iii) rare but huge/deadly conflicts  [   ] iv) conflicts are often but not huge   [   ]
 v) conflicts are often and very huge  [   ] vi) Don’t know  [   ] 
32. What would you say about the population trends? I) has increased  [   ] ii) has declined  [   ] iii) no 
change  [   ] iv) Don’t know  [   ] 
33. Why do you think people chose this area for valley-bottom cultivation? 
i) lack of land  [   ] ii) soil fertility  [   ] iii) water availability  [   ] iii) Other______________ 
34(a) Do you perceive agricultural activities detrimental to the wetland? I) Yes  [   ] ii) No  [   ] 
34(b) If “Yes”, what has been the biggest impact on wetland resources? i) reduced water flow  [   ] ii) reduced soil 
fertility  [   ] iii) soil erosion  [   ] iv) human conflict  [   ] v) other ______________ 
35. What would you say is the trend with rainfall comparing today and the 1970s? I) has increased  [   ] ii) has 
decreased  [   ] iii) has remained the same  [   ] iv) Do not know  [   ] 
36(a) Are there any management plans in your villages with regards the future of the wetland resources? 
I) Yes  [   ] ii) No  [   ] 
36(b) If “No”, what would you say should be the number one undertaking/consideration for the future of the 
wetlands? i) drained/ further opened to economic [   ] ii) be left alone to recover  [   ] iii) a land use plan 
developed to balance human and environment needs v) maintain the current status quo  [   ] iv) Other 
__________________________________________________________________ 
Explain ___________________________________________________________________________ 
37(a) Have you ever been directed or advised by the government on wise use strategies for this wetlands? 
i) Yes  [   ] ii) No  [   ] 
If yes, what kind of directives/advise? _______________________________________________________ 
37(b) Why do you think the government has not reduced or banned valley-bottom cultivation yet? 
______________________________________________________________________________________ 
37(c) What do you think the government should do with regards valley-bottom cultivation? I) ban it  [   ] ii) 
promote sustainable cultivation through participatory management planning  [   ] iii) should not interfere  [   ]
 iii) Other ________________________________________________________ 
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This study, conducted in southwestern Tanzania, examines the social and environmental implications of conversions of wetlands to alternative land-uses, in particular agriculture. Using the case of the vinyungu-faming system, a wetland form of agriculture practiced in Iringa region, the study demonstrates complex ways in which ongoing pressure over food production is causing transformations in the traditional cultivation methods. To do so, four questions were asked,


· Research questions 1: How is vinyungu-farming practice related to household and farmer characteristics?


· Research questions 2: How has the vinyungu-farming system evolved over time?


· Research questions 3: What have been the possible  driving forces behind the changes in vinyungu-farming practice?


· Research questions 4: What is the effect of vinyungu-farming system?


To answer these questions, the study uses pre-designed questionnaires to examine farmers’ perceptions on how the system has changed over time and how this change may affect the wetland resources. The study also uses Geographic Information Systems (GIS) to determine whether or not there is a change in the wetland area used for agriculture in the study area.


Results from this study indicate a shift in agriculture whereby vinyungu-farming system that supplemented household food obtained from upland fields has evolved to an economic activity, producing cash crops for local, regional and national markets. In addition, this traditional irrigation system is transforming from being predominantly a woman’s activity to an entire family’s activity. An increase in the size of vinyungu cultivated, use of inorganic fertilizer and encroachment of wetter parts of the wetland are some of the ways by which farmers have modified their traditional irrigation system. Crop production is no longer confined to the dry season but extends into the wet season, especially in areas that are not heavily inundated in water. Results from the GIS analysis indicate an increased conversion of wetland area to agriculture between 1977 and 1999. GIS analysis during the same period also indicate an increased conversion of  the wetland to grassland, a factor that farmers attributed to reduction of streamflow into the wetland as a result of increased human activities. 


Several factors have been found to influence the transformation of wetlands to vinyungu fields and expansion of these fields. These include population growth, increased market demands, government policies, and reduced production power in the uplands as a result of rainfall unreliability, increased droughts and reduced soil fertility. All of these factors have increased the demand for more arable land, in this case, the wetlands. In addition, most households must have an adequate labor force to cultivate the wet and heavy soils that are characteristic of wetlands. Improved communications networks and higher profitability in vinyungu compared to upland plots also encourage modifications in this farming system.


Results of the study indicate that wetlands provide both social and economic benefits to the people that live around or near them. On the other hand, these very resources that sustain livelihoods and perform important functions such as flood control and water quality improvement are increasingly being lost. It is important therefore for any future land-use regimes in and around wetlands to consider human needs and wetlands sustainability simultaneously.


CHAPTER 1


INTRODUCTION


Wetlands are important landscape components and critical natural ecosystems that provide significant environmental and socio-economic benefits to humans (Roggeri, 1998; Silvius et al., 2000; Stuip et al., 2002). Because of their characteristics (e.g., heavy soils, thick vegetation – sometimes on extensive flat lands), wetlands store water (and nutrients) during wet periods and maintain base flow during dry periods (Balek and Perry, 1973; Dugan, 1990; Roggeri, 1995). Thus, wetlands can control floods, improve water quality, and provide unique habitat for wildlife, including many rare and endangered species. These ecosystems provide numerous benefits to humans including food, pharmaceuticals, and construction materials (Daily, 1997). Rich soils and high moisture holding capacity make wetlands particularly attractive for agriculture. However, wetland soils can be waterlogged and anaerobic, therefore inimical for plants unless they are adapted to soggy soils or some means are used to raise the rooting zone above the saturated layer.


For millennia, humans have cultivated wetlands to meet food security and livelihood needs without necessarily affecting wetland structure and functions (Adams, 1993b; Banzi et al., 1992; Erickson 1985; Roggeri, 1995; Scoones, 1991). In recent years, wetlands have come under extreme pressure as many have been converted to agriculture, which raises concern over the sustainability of wetland cultivation, especially in tropical developing countries where wetlands are among the least protected ecosystems (Dixon and Wood, 2003; Gerakis and Kalburtji, 1998; Hollis, 1990; Jensen et al., 1993; Jensen et al., 1995; Liu et al., 2004; Munyati, 2000; Ringrose et al., 1988; Roggeri, 1995; Wang et al., 2006; Williams, 1991). This study is an effort to explore changes in wetland farming systems and factors that are driving these changes. I used the experience of an indigenous wetland farming system in Iringa region, Tanzania, to investigate why and how the practices in this farming system have been transformed over time and determine the social and environmental implications of that transformation.

1.1 Background and Statement of the Problem


Iringa region, southwest of Tanzania (Figure 1-1), is surrounded by semi-arid conditions. Therefore, wetlands are the most ideal resource for agriculture. Farmers in wetland areas have devised a traditional farming system called vinyungu that allows year-round cultivation of crops (Majule and Mwalyosi, 2003). Vinyungu (or kinyungu in singular form) are ridges or raised beds that are about 0.6 m high and 4-20 m wide with a cambered surface sloping down to the open drain on either side. They are created by first clearing the land, then burning off the cleared vegetation, followed by hand hoe plowing that is done simultaneously with the construction of ditches and ridges, and lastly, harrowing, to smoothen the ridges. This farming system is highly prevalent in Makete, Ludewa, Mufindi, Iringa and Njombe districts of Iringa region and it is practiced mainly by smallholder farmers of Bena and Hehe tribes. It is mostly a dry season (June-October) agricultural activity that takes place almost exclusively in wet valley bottoms that are characterized by heavy clayey soils. Green maize, beans, potatoes, and vegetables are the most commonly grown crops. Figure 1-2 shows typical vinyungu grown crops.


Vinyungu farming, believed to have started as far back as the 1890s (Culwick, 1935), was practiced mainly by women on small fields, with little or no economic contribution to the livelihoods of the people that practiced it (Kuroda, 2001; Lema, 1996). Recently, however, a combination of socio-economic factors has caused the extensification of the farming system, in terms of size of vinyungu and the number of people involved in this farming practice. Among these factors may be the increased market demand for food and other wetland products like vegetables for urban centers in Iringa region as well as the distant cities of Dar es Salaam and Mbeya. For example, Olindo (1992) observed the increased market demand for food and other wetland products in some parts of Kenya as one of the major factors driving further conversion of wetlands to agriculture. Similar to other cases in Eastern Africa (Denny and Turyastunga, 1992; Gichuki, 1992; Loevinsohn et al., 1992; Wood, 1996), the ability of farmers to harvest crops twice or even thrice a year hence increasing food security especially in drought-prone areas may also play an important role in vinyungu expansion in Iringa region. Burgeoning human population, socio-economic changes, and government policies that call for use of more agriculturally productive land to reduce food deficits, are considered some of the major factors causing wetland conversions (Roggeri, 1995).


Generally, regardless of the motivation, unrestricted drainage and cultivation of wetlands can have far-reaching and sometimes irreversible consequences. Unrestricted drainage and cultivation of wetlands can affect wetland’s hydrological functions, causing a reduction in water storage and quality, variable stream flows, and sometimes, complete dryness of wetlands (Denny and Turyatunga, 1992; Dixon and Wood, 2003; Roggeri, 1995; MWLD, 2001). In addition, riverbanks are eroded and sediments accumulate downstream, affecting the overall structure and functions of wetlands (Kaswamila and Tenge, 1997; Olindo, 1992). These factors have serious effects on the livelihoods of the local communities, especially those residing further downstream - people walk long distances in search of water; land becomes uncultivable; livestock keepers are forced to walk long distances in search of water and pasture; communal conflicts may arise due to animal trampling of crops; and, fish and wildlife resources decline (MWLD, 2001). Despite the growing awareness of wetland values and functions and the consequences of human intervention, the issue of wetland loss and degradation has received lesser attention in many African countries than other major environmental issues such as desertification and deforestation (Acreman and Hollis 1996).


1.2 Significance


Understanding the impacts of draining and cultivating wetlands may encourage farmers to adopt more sustainable practices to sustain their livelihoods. Previous studies in Tanzania have tended to focus on major wetlands that are mostly associated with activities of greater economic importance such as large-scale agriculture, transportation, and fisheries (Pallela, 2000). Sutton (1969) and Lema (1996) who described vinyungu-farming systems and the associated technologies reported that this system continues to receive little attention as it is largely considered a side-line agricultural activity. Mkavidanda and Kaswamila (2001) looked at the role of vinyungu in poverty reduction and concluded that vinyungu are a key factor in sustaining livelihoods and reducing poverty. Majule andMwalyosi (2003) examined soil and water characteristics and found that soils under vinyungu cultivation were acidic with a pH of 5.1 to 5.5 and the water samples downstream had traces of agrochemicals and pesticides, implying that in the long-run vinyungu farming may reduce soil and water qualities as well as agricultural production in both the vinyungu plots and further downstream.


In contrast, this study looks at the ways in which vinyungu farming has changed over the years and how this change may have influenced social and environmental changes. It also looks at the patterns and extent of wetland cover change that may have resulted from transformations in vinyungu farming. Quantitative data derived from this study will generate knowledge on changes in land use, the extent of wetland conversion and their socio-economic and environmental consequences. This knowledge will be useful for a better understanding of the relationships between humans and observed environmental changes and may encourage best management practices around wetlands. No other known study has looked at the effect of Tanzanian vinyungu in landscapes.


1.3 Objectives


The primary objective of this thesis is to study changes in land use, specifically wetland conversion, over time and the environmental effects associated with those changes. I wish to contribute to the knowledge on wetland loss, its causes and effects, all of which are essential for policymaking and management of wetland resources.


· Specific aim 1: To investigate what kind of transformations have occurred in vinyungu-farming practice over time;


· Specific aim 2: To propose the factors that may have influenced the recent transformations in this farming practice;


· Specific aim 3: To determine what is the effect of the vinyungu-farming system;


· Specific aim 4: To identify and document change of Ndembera wetland area used for agriculture between the period 1977 and 1999.


1.4 Study Questions


To meet the study objectives, I used information from farmers’ interviews in Ndembera wetland area, Iringa region, Tanzania (Figure 1-3). To identify long-term changes in land use in this area, I sought data on land-use/cover changes over time. This information was used to explore factors of wetlands transformation and changes in land cover over time. The following questions were addressed:


· Research questions 1: How is vinyungu-farming practice related to household and farmer characteristics?


· Research questions 2: How has the vinyungu-farming system evolved over time?


· Research questions 3: What have been the possible  driving forces behind the changes in vinyungu-farming practice?


· Research questions 4: What is the effect of vinyungu-farming system





Figure 1-1. Map of Iringa region showing the study area (A).  (Source: based on 1:2,000,0000 Tanzania Administrative Map of 1989, by Surveys and Mapping Division. Ministry of Lands and Human Settlement). The inset (B) shows the location Iringa region in Tanzania.
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Figure 1-2. Typical vinyungu grown potatoes (A) and peas (B). Both pictures taken in Usengelindete village, Iringa District of Iringa Region, June 2005.



Figure 1-3. Enlarged map (A) shows Lyandembera swamp and surrounding villages. Subset image (B) shows the location of Lyandembera swamp (The Study Area) in Iringa region.


CHAPTER 2


LITERATURE REVIEW


2.1 Introduction


This chapter reviews the literature that undertakes the role of putting together important concepts describing land-use and land-use changes in Tanzania with a focus on the transformations in vinyungu-farming system. The review is organized into two major parts. The first part reviews some important concepts of land-use/cover change as they relate to wetland conversion to agriculture. It also reviews theories underlying transformations of agricultural practices and their effect on wetland resources. These include human-settlement models of land use, population growth and its implications for agricultural land use, and drivers of smallholders’ farming decisions. In addition, this part of the review also discusses the state of agricultural production in Africa and reasons for its decline; use of wetlands as an alternative landscape component for improving crop production; and irrigation practices as they relate to wetland-related policies in Tanzania. The second part of the review summarizes the theoretical background with a focus on land use at the household level and explores important relationships and variables amenable to land-use changes.


2.2 Conceptual Framework


2.2.1 Concepts of Land-Use and Land-Cover Change


Wetlands conversion to agriculture falls under the larger topic of land-use/cover change (Gerakis and Kalburtji, 1998; Jensen et al., 1995; Lambin et al., 2001; Liu et al. 2004; Meyer and Turner, 1994; Meyer and Turner II, 1996; Meyer and Turner II, 1992; Ringrose et al., 1988; Turner et al. 1993; Wang et al.; 2006). Meyer and Turner II (1992) define the term “land use” as human exploitation of the land and the term “land cover” as the physical and biotic character of the land. Land use tends to cause land-cover change that, in turn, leads to further land-use changes. Land-cover change may involve either land-cover conversion, i.e., “change from one cover type to another,” or land-cover modification, i.e., “alterations of structure or function without a wholesale change from one type to another (Briassoulis, 2000).


Land-use change may involve “conversion from one type of use to another”, i.e., “changes in the mix and pattern of land uses in an area,” or “modification of a certain type of land use” i.e., “changes in the intensity of this use as well as alterations of its characteristic qualities/attributes” (Briassoulis, 2000).


Land-use/cover change is driven by many factors including changes in the biophysical and socio-economic drivers (Meyer and Turner II, 1992). The driving factors/forces are “a complex set of actions and rationales that give rise to proximate causes” (Mertens et al., 2000, 984).  These forces could be “externally-driven, e.g., natural hazards, or internally-driven, e.g., population growth” (Mertens et al., 2000, 984). Turner et al. (1993) listed four examples of major driving forces of land-use change: population, technology, political economy, and political structure.   Farming practices are listed as among the major causes of land-cover changes in tropical Africa (Lele and Stone 1989; Meyer and Turner, 1994; Turner et al., 1994).


As driving forces of land-use/cover change interact differently to one another in different spatial-temporal settings, it is important to examine causes of land-use/cover change within a specific spatial-temporal setting. The method of examining both land-use/cover changes involves selection of the land-use/cover types to be analyzed, determining the driving forces and process of change that can be detected, and describing and explaining the linkages between land use and land cover (Briassoulis, 2000). This study focused on a traditional farming system called vinyungu, common in wetland areas of Iringa region, Tanzania, to determine how this farming system has evolved over time, what are the driving forces behind this evolution, and what are its effects on wetlands.


A challenge in analyzing land-use/cover change lies in linking the driving forces of change to the observed land-use/cover changes. There is considerable variety of theoretical and modeling frameworks and tools that are used to conceptualize and operationalize land-use/cover change issues. The theoretical literature on land-use/cover change includes theories on social and economic determinants of land-use/cover change.


Economic theories and models of land-use/cover change use concepts and procedures from economics, e.g., “prices of the factors of production, of products and of services, transport cost, marginal cost, and economies of scale, externalities, and, above all, utility” (Briassoulis, 2002). “All behavioural assumptions made refer to the model of the rational, economic, utility maximizing humans” (Briassoulis, 2002). Examples of economic theories and models include von Thünen’s agricultural land rent theory (1966);  location models (see, for example, Alonso, 1964; Weber 1929; Losch, 1954); and settlement patterns models ( see, for example, Blaikie, 1971; Chisholm, 1962). Some of these theories have been elaborated in the subsequent sections of this chapter to show how they relate to land-use/cover change and their relevance to this study.

Theories on social determinants of land-use/cover change are based on ideas from the social sciences and emphasize “the importance of human agency, social relationships, social networks, and socio-cultural change in bringing about spatial, political, economic and other changes” (Briassoulis, 2002). Theories and models used in the social approach include agent-based theories which focus on the agents of change (i.e., users of land) and their interdependencies as well as those theories that adopt perspectives in the nature-society theorization traditions (see, for example, Liverman, 1994; Malthus 1960; Merchant, 1990; Sack, 1990). Some of these theories have been elaborated in the subsequent sections of this chapter to show their relevance to this study.


Theories of land-use/cover change use models that are either descriptive or explanatory (Briassoulis, 2000). According to Briassoulis (2000) “description of land-use change documents changes from one type of land use or cover to another over a given time period and within a given spatial entity” while “explanation attempts to address the question of ‘why’ these changes have occurred (or, are occurring) and to uncover the factors or forces that bring about these changes directly or indirectly, in the short- or long-run” (Briassoulis 2002).


Description of land-use/cover change can be achieved using GIS modeling approaches whereby maps from different time periods are overlaid to identify the location and assess the magnitude of change. Explanation of why these changes take place can be achieved through socio-economic surveys and physical observations. Both methods have been employed in this research. The descriptive part is covered in Chapter 4 while a review of theories that explain “why” these changes occur (and their effects) is covered in the following sections.


2.2.2 Human-settlement Models of Land-Use


Different theories attempt to describe and explain the factors influencing human settlement and land use. Most of these theories are based on economic concepts. One of the pioneering economic theories of land use is von Thünen’s agricultural land rent theory, developed in 1826, where land rent is defined as the price paid by the tenant for a particular land use on a particular piece of land (von Thünen 1966; original in 1826). Through this theory, von Thünen modeled the locational distribution of crops (or, land-use patterns) in a landscape as an algebraic function of yields, market prices, production costs, transportation rates and distance to market.


According to von Thünen, land rent decreases with increased distance from the center (city/ town/ market). The rent one can afford to pay for a land-use activity on a parcel of land depends on the value of the products produced on that land. This value decreases with increased distance from the market. Therefore, a land-use activity with the highest value of output is found on land with the highest rent, i.e., closest to the market (this would be the most valuable piece of land in a village context). Transportation costs increase with increased distance from the center. Therefore, transportation costs are inversely proportional to the land rent. Since farmers tend to balance land cost, transportation costs, and profit, they produce the most cost-effective products for market near the center, i.e., they cultivate the high market value-crops near the city/ town/ market (lest transportation costs reduce profit to zero) and lower market value-crops further away from the city (meant for local use). Therefore, land-use patterns are influenced by distance to roads, access to markets, and access to transportation. This may be true for wetlands use in most of eastern Africa, including Iringa region in Tanzania. Dixon and Wood (2003) report commercialization and communication networks that have spread throughout eastern Africa as some of the factors increasing the market demand for food and other wetland products. Thus, wetland use is increasingly shifting from subsistence agriculture to more commercialized agriculture where locally marketable crops are grown (Olindo, 1992).


Chomitz and Gray (1995) tested the model in Belize and found that market access and distance to roads strongly influence land use. According to the study, agriculture becomes less attractive with increased distance from the market.


Interpreting von Thünen’s theories in a rural setting, Chisholm (1962) found that there exists a relationship between land use, distance from market, and distance from the settlements. Active farms require adequate labor and frequent attention and are therefore found closer to settlements. The amount of labor required for a land use activity (e.g., agriculture) tends to decrease with increased distance from the market. Therefore, closer to the market one expects to find more labor-intensive crops, more labor use and more human settlement, hence intensive land use.


Based on the frontier thesis (Richards 1990), people first search for unsettled yet desirable lands to settle on. Later, secondary and tertiary frontier zones are created, land-use intensification occurs, and eventually, settlement frontiers are expanded (Richards, 1990). The spatial scale of penetration and land transformation is facilitated by such factors as expanding economic demand, population growth and technological advancement (Richards 1990). Therefore, demand for land and the ability to work on the land tend to influence expansion of settlement frontiers, provided unoccupied land exists. As the population grows and land shortages in areas traditionally farmed increase, more and more people in eastern Africa are forced into marginal areas in search of agricultural land (Dixon and Wood, 2003). Wetlands may have become new agricultural frontiers, replacing dry land margins that had been subject to spontaneous agricultural settlement for decades.


In summary, access to roads and markets seems a common link among the different models presented above. Construction of roads, distance to markets, and market demands influence land-cover change. Roads increase access to land by enabling people to reach areas that were not previously reachable. Markets accessibility and market demands encourage land users to maximize the utility of surrounding land. These two factors tend to bring an economic growth to an area that, in turn, attracts human settlement.


2.2.3 Population Growth and Agricultural Land-Use


Many researchers have linked population growth to increased demand for agricultural land and consequently, agricultural extensification and intensification. Several theories have been developed to examine this link and research has been conducted to test these theories, providing insight and different perspectives on the issue.


One of the earliest theories on the effect of population growth on agriculture emanates from Malthus (1960) who hypothesized that food production, growing at a linear rate, would eventually be overtaken by populations growing exponentially. His original predictions have materialized in some areas. According to Bilsborrow (1987), “Food production per capita in the developing countries is barely keeping pace with population growth in the developing countries despite the Green Revolution” (Bilsborrow 1987, 199).


Malthus also postulated that, population growth would negatively impact the environment, potentially causing irreversible land degradation that would, in turn, hamper food production. Bilsborrow and Ogendo (1992) showed that, population growth has indeed contributed to land degradation in some areas, sometimes threatening food production. From a neo-Malthusian perspective therefore, degradation is inevitable where levels of exploitation exceed the carrying capacity of individual land resource such as individual wetlands. The disappearance of parts of the Usangu wetland in Tanzania is one example of the effects of population pressure on wetlands (MWLD, 2001). However, the Malthus hypothesis assumed unchanging methods of production (i.e., constant technology). Today, economists argue that under well-functioning markets, as the population grows and land resources become scarce, technologies are developed to improve production as well as land management. As a nearby example, a study conducted in Machakos District, Kenya, showed that population growth, market development and capital availability led to technological advancement, which, in turn, led to increased agricultural productivity and improved land and water management (Tiffen and Mortimore, 1994; Tiffen et al., 1994).


The economists’ point of view emanates from Boserup’s (1965, 1981) original ideas that emphasize the importance of progressive adaptive management. Challenging Malthus’s original ideas, Boserup postulated that as the population grows, the demand for food increases and arable land becomes scarce, forcing farmers to make adjustments in production so as to improve the quality and productivity of land. These adjustments, which occur after the expansion of cultivated land, include adoption of land-intensive technology, i.e., reduced fallow period, adoption of new technologies, increased labor inputs per unit of land, and use of natural or artificial fertilizer. 


Generally, however, the impact of increasing population on land use and environmental sustainability today appears more complex than what either Malthus or Boserup hypothesized, and varies from system to system. Bilsborrow (1987) reports that, intensification/ technological development is dependent upon environmental conditions of the area (soil fertility, rain). For example, technological change, in terms of increased irrigation, happens when rainfall is seasonal or irregular or when surface or underground water is available and can be tapped (Bilsborrow, 1987). Netting (1968, 1993) reports that, farmers make several adjustments, such as crop diversification, to cope with poor environmental conditions and maximize crop output. 


Boserup (1965) neglected the possibility of an alternative economic response to increased population pressure: an increase in the area of land under cultivation. This response, called extensification, is achieved through clearing more of one’s own land, appropriation of neighboring lands, or, migration to other areas with arable lands (Bilsborow and Ogendo 1992). One of the effects of agricultural expansion is deforestation, especially of tropical forests and highland forested areas (Bilsborow and Ogendo 1992). Today, this expansion is affecting wetlands as well. Up until the 1940s for example, the Sukuma people of Mwanza region, Tanzania, cultivated on the hill slopes and left the valley bottomlands for cattle grazing (Pingali et al., 1987). Today, the bottomlands are cultivated and the adjacent swamp vegetation is cleared to provide more land for cultivation. A similar trend of converting wetlands to agricultural land is taking place in Iringa region.


Boserup also neglected the influence of market demand on technological development. Pingali et al. (1987) clearly show that local demands, including market demands, cause land-use/ cover change. Therefore, site-specific carrying capacities, based on often unique environmental and socio-economic characteristics, are a major catalyst of change in the agricultural farming practices and, consequently, the way wetlands are being utilized and managed.


2.2.4 Drivers of Smallholders Farming Decisions


Many regions of the developing world consist of substantial rural populations that rely largely on farming as a principal source of income, food and employment. The most widespread kind of farm unit is the small family farm or smallholding. Netting (1993) describes smallholder farmers as rural cultivators practicing permanent, diversified agriculture on small farms. Population density is generally high. Therefore, smallholders live under conditions of scarcity, deriving their livelihood from an intensively cultivated holding, usually less than 2 to 5 ha.


Central to the small-hold intensive agriculture is the family unit or household. A household is a cooperative work group engaged in production, distribution, transmission, biological and social reproduction, and co-residence (Netting 1993; Wilk 1991) and may consist of a single family, one person, an extended family, or any other group of related or unrelated persons sharing living arrangements.


Farming decisions by a household are influenced by many factors including resource availability (e.g., land, labor), economic status of the household, local traditions, and external factors such as government policies and environmental factors. Differences among households lead to differences in choices each household makes regarding what to cultivate, where and how to cultivate, amount of land to cultivate, what crops to be marketed or preserved, whether or not they should access additional land to cultivate, and how to use labor and cash resources.


Land tenure security, often with sellable, rentable, heritable rights (although such property regimes can co-exist with communally managed resources) is important for small-hold householders to have. This is especially important where intensive agriculture is practiced for often this involves land improvements. Smallholders usually hold their most productive land as private property while less intensively used land is more likely to be held as commons or rented out.


Smallholder agriculture is sustainable where production is predictable, sufficient to feed the producers, and stable over the long run. Factors like seasonality could affect agricultural production and sustainability, hence affecting rural household food supply and income (Meertens 1999, Morgan and Solarz 1993). Scanty rainfall and droughts are among the major seasonality factors affecting agricultural production (Alexandratos 1995). Technological innovations such as irrigation may be employed in cases of droughts or seasonal rainfall (Bilsborrow 1987). Farmers are therefore attracted to environments with a higher probability of sustaining production. This is the case especially in drier and drought-prone areas where the availability of moisture in the soils throughout the year and the ability to retain nutrients make wetland cultivation the most sustainable risk management strategy.


Labor and economic resources available to the household influence household land-use activities. Household members share different responsibilities to minimize costs associated with assembling and scheduling labor. In most cases, very young and old members of the household are excluded from agricultural activities. Landholders maximize their financial income by allocating labor to activities they perceive will provide the greatest financial return on their labor investment. When additional labor is required, farmers either hire laborers or alternate manpower with other farmers (Meertens 1999). This may be the case especially for the harder tasks such as clearing land on heavy wetland soils. In cases of limited labor availability or cash to hire laborers, agricultural expansion or intensification is rare or minimized (Boserup, 1965).


Smallholders are not economically isolated. Income sources range from farm, off-farm, to non-farm activities (Saith, 1992). Rural households depend mostly on farm activities as one of several sources of income. Whether or not a household will diversify its income sources is dependent upon agricultural production, market values, and economic status of the region (Lipton and van der Gaag, 1993). Off-farm income opportunities may pull some labor off farm due to low marginal return on intensive farm labor. Non-farm income provides cash for running agricultural activities as well as provide for household needs, further pulling some labor off the farm. Generally, there almost always remains farm labor for subsistence food production (Morgan and Solarz, 1993).


There is lack of literature on the role of gender on the current trends in vinyungu farming. Reports have shown that, previously, women were predominantly the vinyungu cultivators (Lema, 1996) and that the role of men was limited to hired labor in land preparation. However, due to the growing economic interest in wetland farming, this study will explore whether gender influences some aspects of present-day vinyungu practice, including ownership, farm size, and types of crops grown. 


Therefore, agricultural production methods and land use patterns of small-hold householders are potentially influenced by land quality and tenure policies; environmental factors such as rainfall; available resources such as labor, land, and income; access to markets, and gender roles..


2.2.5 Decline in Agricultural Production and its Relation to Land Use


Many Sub-Saharan African countries face economic stagnation, rapid population growth and natural resource degradation. The economy of these countries suffers from accumulation of foreign debt, weak agricultural growth, declining industrial output, dwindling export performance, declining institutions, and deteriorating socioeconomic and developmental conditions (World Bank Review 1989). These countries are among the poorest in the world with the farming populations constituting both the majority and the poorest segments of society.


In an effort to sustain economic growth, agricultural development programs have been promoted since the 1960s and agriculture remains the backbone of most of these countries’ economy and an important foreign exchange earner. Unfortunately, agricultural production in most African countries is declining and food deficit is common among these countries. A number of factors, including biophysical conditions, human resources, the economic environment, infrastructure and government policies, contribute to this decline.


The soils of most of Africa (as well as those of some parts of Latin America and Asia), for example, show great variability in quality and are, to a great extent, infertile. Wiebe (2003) reports that, although the “quality of all land is lowest in the Middle East and North Africa, the quality of cropland is lowest in Sub-Saharan Africa”. Whereas 16% of cropland in Asia, 19% in the Middle East and North Africa, 27% in Latin America, 29% in the developed countries, and over 50% in Eastern Europe are considered to be of the highest quality, only about 6% of Sub-Saharan Africa’s cropland is considered of high quality (Wiebe, 2003). This factor contributes to high production costs and low productivity.


Global productivity gains (influenced by technological advancement) have been shown to outweigh global productivity losses caused by processes such as soil erosion, nutrient depletion, and salinization (Wiebe, 2003). However, this is not the case in many parts of Sub-Saharan Africa where soils are either poor or fragile. In these areas, agricultural management practices are not well developed, and, productivity levels are already low even though the need for growth is high (Morgan and Solarz 1993; Wiebe, 2003). In fact, Sub-Saharan Africa makes the least use of modern agricultural input in the world (Morgan and Solarz 1993). Scattered populations, common in some parts of Africa, further suppress the development of modern agriculture in that it becomes expensive for the government to support scattered populations and production may be limited by many factors including labor, transportation costs, and access to knowledge and technologies.


In most parts of this region, arable land is fast approaching limits of sustainable agriculture while rainfall remains seasonal and insufficient (Alexandratos 1995). Where rainfall is plentiful, most such areas are already under some form of protection hence inaccessible for agricultural production (Alexandratos 1995). According to Morgan and Solarz (1993), Sub-Saharan Africa has been more adversely affected by droughts than any other region in the world, especially between 1982 and 1985 and later in the early 1990s.


The rate of population growth in Africa is known to be among the highest in the world. Correspondingly, there is an increasing demand for food and agricultural land. In a few cases, population density has been shown to be low or declining due to natural cause or out-migration. In such cases, low population densities, coupled with land tenure system that guarantees access to land, encourage extensive farming systems with low agricultural input (Morgan and Solarz 1993). Netting (1993) noted about the Koyfar of Nigeria that a decline in population density leads to dis-intesification of agricultural production. Seasonality in labor demand and availability limits farm sizes and productivity of farm systems, affecting land use and the overall agricultural productivity (Morgan and Solarz 1993).


As a result of all the aforementioned factors, growth in agricultural production in the Sub-Saharan African region is depressed and only in the range of 1.5% to 2% per year (Adams 1996), reducing the amount of agricultural export and foreign exchange. Per capita food production in the 1970s was high enough to meet the food and income requirements of the average household in the region. Today, almost all southern African countries produce less and import more food than they did in the 1970s (Pinstrup-Andersen et al., 1997). Although there has been recovery in several places, agricultural and economic growth have not been able to keep pace with population growth, posing a great challenge in addressing food, social, and environmental insecurity problems (Pinstrup-Andersen et al., 1997).


To cope with this situation, more peasants have turned to a combination of off-farm income generating activities, wage labor, and subsistence food cropping. Elmekki and Barker’s study (1993) noted that, for example, Sudanese peasant families migrate in search of wage work.


The above review has shown that change in agricultural practices and land use in most Sub-Saharan African countries is attributed to a number of factors including population trends and human resources, biophysical factors, land tenure system, and the economic environment of the country.


2.2.6 Wetlands: An Alternative Landscape Component for Crop Production


Seasonal rains and recurrent droughts have tremendously reduced Africa’s per capita food production, reducing the availability of food and income in the region (Morgan and Solarz, 1993). Population growth is resulting in land shortages in areas traditionally farmed (Binns, 1994).  Lack of adequate rainfall and population growth are major factors that have influenced African countries to turn to wetlands as potential resources for overcoming the challenges of poverty and hunger in the region (Adams, 1993a; Adams, 1993b; Adams, 1996; Dixon and Wood, 2003). The rich soils with high moisture holding capacity and proximity to reliable water sources make wetlands attractive for agriculture and are thus being converted to agriculture. Because wetland soils can be waterlogged and anaerobic hence unfavorable for plants that are not adapted to such conditions, farmers tend to raise the rooting zone above the saturated zone.


This fact dates many centuries back where wetland resources have been used to support great ancient civilizations (such as those of the Maya and Inca) in the form of raised fields or beds. Perhaps the most widely studied raised fields are the waru waru, originally made by pre-Incan civilizations around Lake Titicaca, bordering Peru and Bolivia (Binford et al., 1997; Carney et al., 1993; Denevan, 1970; Denevan and Turner, 1974; Erickson, 1985; Erickson, 1988; Erickson, 1999; Ortloff and Kolata, 1993; Turner, 1994; Turner and Harrison 1981). These are elevated earthen platforms that are 3 to 10 m wide and up to 200 m long, separated from each other by seasonally flooded canals. Through this farming system, wetlands were converted to cultivable land to increase land productivity so as to cope with food security needs of dense human populations that lived in arduous environments. Raised fields were advantageous to farmers for they raised the root zone above water-saturated soils; supplied reliable water; conserved heat and protected crops against frost; retained dissolved and particulate nutrients; enhanced nitrogen fixation; and mitigated soil salinity. These factors contributed to higher productivity and more sustainable crop production compared to conventional methods of cultivation (Binford et al., 1997; Carney et al., 1993).


Raised fields were also common among North American Indians prior the arrival of settlers (Fowler 1969) and in Asia, especially China, in the fifth century B.C. (FAO 1980). In Africa, raised beds were common in places like the Wahgi Valley of New Guinea prior to 350 B.C. (Lampert, 1967) and more recently, among the Koyfar of Nigeria (Netting, 1968). In most of these cases, raised fields were created not because of population or environmental stress but rather may have developed as early forms of intensive agriculture.


In all cases though, it is the many benefits accrued from raised fields that influenced different societies around the world to develop and maintain this agricultural technology over centuries. In the recent years, however, the outlook of raised fields is somewhat different in a number of places in that the negative impacts are on the verge of outweighing the benefits. 


Increased population pressure and associated food scarcity in such places as East Africa are driving farmers to drain and intensively cultivate wetlands (Dixon and Wood, 2003; Okeyo, 1992). Roggeri (1995) further supports this observation when he argued that although the remaining large wetlands are those found in the tropical countries, the rate at which they are being converted to non-natural state is increasing fast.

Unlike the Maya and Inca eras that were possibly sustainable, recent utilization of wetlands is known to cause soil erosion, reduced water storage and quality, variable stream flows and complete dryness of wetlands (Dixon and Wood, 2003; Thompson, 1976). These effects may cause wetland loss, defined as loss of wetland area, due to its conversion to a non-wetland area (Ramsar Convention Bureau, 1990). While “changes in land cover by land use do not necessarily imply a degradation of the land” (Meyer and Turner, 1996:25), wetland loss tends to cause wetland degradation, defined as the impairment of wetland functions (Ramsar Convention Bureau, 1990). Intensive agriculture may also impair wetland importance as sources of building material and food (mainly fish) suppliers. However, to most farmers, the immediate benefits accrued through continued conversion of wetlands to agriculture may outweigh the long-term ecological and socio-economic consequences. As such, although the spatial extent of wetland conversion is limited by their characteristic wet conditions that make wetland soils potentially anoxic, and most certainly, heavier and more difficult to cultivate than upland soils (McIntire et al., 1992), farmers are known to develop techniques to cope with such situations. Therefore, labor, time, seasons/climate, and technology are the factors that may limit or influence the rate and amount of wetland conversion.


2.2.7 Irrigation Practices and Wetland Use in Tanzania


Tanzania continues to rely heavily on the agricultural sector for its economic growth and improvement of the welfare of its people. Efforts have been made to promote agriculture, including improvement of agronomic practices and introduction of improved crop varieties. However, semi-arid climatic conditions and droughts in some parts of the country present severe constraints on these efforts and agricultural productivity in general. As such, since colonial times, there have been concerted efforts to promote irrigation practices at various scales (Majule and Mwalyosi, 2003).


In Tanzania, irrigation, defined as a supply of water to cultivated plants by means other than natural precipitation (Stern, 1989), is highly dependent on wetlands, e.g., rivers and swamps. The country is estimated to have about 933,000 ha that have potential for irrigation. However, only about 144,000 ha are reported to be under some form of irrigation (Ministry of Agriculture, 1992). Based on scale and technology used, irrigation systems in Tanzania can be grouped into three major categories, i.e., traditional or smallholder irrigation systems, the modern small-scale/village irrigation system, and, medium to large-scale state farms/privately owned irrigation estates (Mascarenhas et al., 1985; Mrema, 1984). Traditional small-scale irrigation systems account for 120,378 ha of the irrigated land while large-scale estate farms account for the remaining 23,622 ha.


The medium-to-large-scale farms or irrigation estates are state or privately owned. They are centrally managed by either parastatals or private companies and generally have quite efficient irrigation systems that also require large capital investment and well-trained manpower. High value crops are grown for export and/or local consumption using these types of estates.


The modern small-scale/village irrigation systems were in most cases planned and constructed throughout the country by the central or local government. Farmers were given the responsibility over water distribution, land preparations, farm decisions, and scheduling of activities.  Unfortunately, almost all of them collapsed a few years after construction despite a heavy investment in building them (Mkavidanda and Kaswamila, 2001). Two factors are associated with the failure of these irrigation systems. First is the unfair distribution of water that resulted in conflict among farmers who, in some cases, vandalized the facilities. Second is the lack of or poor maintenance of the canals, which in turn, led to high rate of evaporation that further hampered distribution of water.


The traditional or small-scale irrigation systems are the most common. They are owned by individuals or a group of farmers and are usually small in size, often not more than 5 ha. Farmers use low cost, temporary or semi-permanent intake structures to harness water from rivers, springs and flood plains so as to produce food and cash crops.


Under this system, irrigation efficiency is very low as much of the diverted water is lost due to seepage before reaching the farms. This farming system is associated with poor drainage that causes siltation, and, poor infrastructure development that leads to unequal distribution of water. Such problems are common in most parts of the country including Kilimanjaro (Banzi et al., 1992), Lushoto (Kaswamila and Tenge, 1997), and currently, in Iringa region (Majule and Mwalyosi, 2003).


The most common traditional irrigation system practiced in Iringa is called vinyungu cultivation, a practice believed to have started in the 1890s (Culwick and Culwick, 1935). Vinyungu are ridges or raised beds that are about 0.6 m high and 4 to 20 m wide created in valley-bottoms and along streambeds. Smallholder farmers, mostly women, create vinyungu by clearing the land, burning the cleared vegetation, plowing, creating ridges and ditches, and then by harrowing to smoothen the ridges. Vinyungu are watered by surface run-off (a river or stream originating from the upland areas) as well as subsurface run-off (springs). Since the valleys are waterlogged during the wet season, hampering land preparation and cultivation, vinyungu are cultivated mostly during the dry season. This farming system is common in Makete, Ludewa, Mufindi, Iringa and Njombe districts of Iringa region and is practiced mainly by the Bena and Hehe tribes of all social classes.


Overall, the area under irrigation in Tanzania is relatively small. However, reports indicate that irrigated land in the country is diminishing in quality due to factors such as salinization and sedimentation caused by erosion and perpetrated by poor management (Majule and Mwalyosi, 2003; Kaswamila and Tenge, 1997). This situation further diminishes the production potential of the remaining irrigable land.


Unfortunately, unlike countries such as Uganda and Zambia for instance, Tanzania does not currently have a national policy on wetlands, although efforts are underway to produce one. The national water management strategy is also at the developmental stages. This means wetland users currently lack guidance on best management practices over wetland resources. National policies that can provide an enabling framework within which to improve the status of wetlands sometimes promote actions which conflict in terms of improving the quality of wetlands. For example, policies on agriculture, food security, and poverty reduction promote expansion of irrigation, in most cases, regardless of where or how it is done or its consequences. Such actions confuse policy implementers, i.e., local government and local resource users. Also, overlapping responsibilities between policies are known to cause confusion as to who is to do what and can end in no action in the areas of overlap. In summary, both existing and non-existing policies in Tanzania currently make it difficult to manage wetlands effectively, and many may be deteriorating.


Today, only three wetlands (the Malagarasi-Muyovozi, Lake Natron and the Kilombero Valley) have some form of management following their designation as Ramsar sites, i.e., wetlands of international importance. The remaining wetlands are utilized for irrigation, among other uses, without guidance from the government.


Due to poor technology, lack of capital, and, high maintenance costs that large irrigation systems require, most rural farmers in Iringa (and Tanzania in general) confine themselves to traditional irrigation practices.


2.3 Summary of the Theoretical Background and Formulation of Hypotheses


2.3.1 Summary of the Theoretical Background


This section summarizes the theoretical background with a focus on land use at the household level and explores important relationships and variables amenable to land-use changes.


Households make daily land-use choices (or, changes in land-use) with respect to their perceived risk and expected financial returns. These choices are influenced by different factors including household characteristics, ecological conditions, and economic conditions. Through interviews, these factors were investigated to determine 1) how they influence wetland conversion to agricultural land; and, 2) how they influence transformations in agricultural practices in wetlands. Land-use changes eventually lead to land-cover changes that, in turn, lead to further land-use changes. GIS and remote sensing technologies were used to determine the amount of change of the wetland area that is used for agriculture.


Analysis of drivers of smallholders farming decisions has shown that household characteristics play an important role in land-cover change. In the case of this study, household characteristics may influence the conversion or the non-conversion of wetlands to agriculture. Such characteristics include resource availability, i.e. , 1) land; 2) the amount of labor available for agriculture (in terms of numbers and age - both of which determine the labor force available for agriculture and hence the amount of land that can be exploited); and 3) the amount of cash available within the household for such purposes as labor hire, renting or purchase of land, and technological improvement (e.g., use of fertilizer). Availability of cash and labor have also been linked to agricultural expansion and intensification (see the analysis of population growth and agricultural land-use, section 2.2.3). Under this theorization, two hypotheses were tested. Hypothesis 1: Greater number of people within the working age in a household would be associated with greater farm size and number of crops grown; and, Hypothesis 3: Farmers are likely to use household income on farm inputs (i.e. fertilizer and labor) so as to improve crop production.


Vinyungu-farming practice has, for many years, been predominatly a woman’s activity that supplemented upland food production. It is not anticipated, therefore, that gender and duration of residence will have a strong association with vinyungu size or types of crops grown – hence, Hypothesis 2: Farmer’s gender or duration of residence in the village is not associated with the size of vinyungu farming area or types of crops grown.


Ecological conditions, especially poor soil fertility and scanty rainfall, reduce per capita food production (sections 2.2.4 and 2.2.5). A larger population and a high population density reduce the amount of land available for agriculture (section 2.2.3). Shortage of arable land due to poor ecological conditions or to a larger population, usually leads to agricultural intensification, i.e., an increase in total input per unit of land area, or extensification, i.e., an increase in total area cultivated (see, for example, the frontier thesis under section 2.2.2 and Bilsborow and Ogendo theorization under section 2.2.3). As shortage of land in areas traditionally farmed increases, more and more people are forced into marginal lands. Therefore, wetlands (historically considered unproductive and unhealthy yet with rich soils and moisture-holding capacity) may now be considered potential agricultural lands (sections 2.2.6 and 2.2.7). This transformation may be further facilitated by construction of roads as roads tend to increase human access to areas that were previously unreacheable. However, active farms require adequate labor and frequent attention, they tend to be closer to human settlements (see Chisholm’s findings in section 2.2.2). Accordingly, in this research, the following additional hypotheses were tested: Hypothesis 4: Members of households located within a short distance from the wetlands are more likely to practice vinyungu farming system; and, Hypothesis 5: Greater expansion of vinyungu farms would be associated with increased conversion of wetland area to agricultural land.


Economic factors play an important role in influencing land-use/cover change. Based on von Thünen theory, a land use activity with the highest value of output is usually found on land closest to the market. On the other hand, transportation costs increase with increased distance from the population center (including markets). To minimize production costs and maximize profit, farmers produce high market value-crops near the population center and lower market value-crops (or subsistence crops) further away from the population center. Therefore, distance to roads (including access to transportation) and access to markets do influence land-use/cover change (section 2.2.2). Based on this theorization, the following hypotheses were tested: Hypothesis 6: Residing close to the main roads would be associated with greater proportion of wetland converted to agriculture; Hypothesis 7: Residing close to a major market would be associated with greater proportion of the wetland converted to agriculture; and, Hypothesis 8: Residing close to major roads and markets would be associated with cultivation of a greater proportion of cash crops than food crops.


To cope with food demands of growing populations, farmers make several production adjustments so as to improve the quality and productivity of land. Such adjustments include the adoption of land-intensive technology, e.g., adoption of new technologies, increased labor inputs per unit of land, and use of natural or artificial fertilizer (section 2.2.3). In this research, the following hypothesis was tested, Hypothesis 9: Households with greater proportion of land for cash-crop cultivation would be associated with increasing costs of farm inputs (labor and fertilizer).


2.3.2 Justification of the Hypotheses

This study uses information from a single time-point to assess factors of wetlands conversion in the Ndembera basin. For this reason, I acknowledge that the causes of wetlands conversion over the course of the past 30 years could not be completely determined through this study design. However, there is overwhelming evidence showing trends of population growth in these areas  (and the country in general) during the same time period. Therefore, the basic justification of the hypotheses tested in this thesis is that certain attributes of population pressure in the wetland areas (for example, proximity to wetland areas, household size, and food requirements) may have contributed to the increasing rate of wetlands conversions over time. Consequently, I formulated hypotheses to test the current interrelationships in vinyungu farming as a way of gaining knowledge of the possible factors of wetlands conversions over time. On their own, the current interrelationships in vinyungu farming are expected to provide an important input in  any future policies aimed at sustainable wetlands use.


CHAPTER 3


STUDY OF FARMER AND HOUSEHOLD FACTORS INFLUENCING VINYUNGU FARMING SYSTEM


3.1 Study Area


3.1.1 Location


Ndembera swamp is part of the Ndembera River system (also called Lyandembera) found between Iringa and Mufindi districts of Iringa region, southwest of Tanzania (Figure 1-2).


The entire catchment occupies an area of 1,834.10 km2. The Ndembera river is perennial and therefore of great importance, especially during the dry season, to farmers in the immediate environments as well as those further downstream. The catchment is adjacent to the Tanzania-Zambia (TANZAM) highway, one of the major highways in to the country that connects the cities of Dar es Salaam and Mbeya.


3.1.2 Physical Environment


Topographically, dissected rolling hills and tangled mountain streams with numerous shallow valleys of tectonic origin characterize Iringa region. Swamps are formed at valley bottoms where rich organic matter accumulates, creating an ideal environment for agricultural development.


The rainfall pattern in the region is mono-modal. The annual rainfall totals vary with years but generally range between 500 and 1600 mm. The highland zone, mostly between 1,600 and 2,700 m above sea level (asl) on the eastern fringe of Iringa and Mufindi districts, has higher rainfall that ranges between 1,000 and 1,600 mm per year. The midland zone, mostly between 1,200 and 1,600 m asl on the majority of Mufindi district, has moderate to low rainfall, ranging between 600 and 1,000 mm per year. The lowland zone, mostly between 900 and 1,200 m asl on the most westerly parts of Iringa and Mufindi districts, has low rainfall that ranges between 500 and 600 mm per year. Precipitation, the dominant factor governing wetland hydrology, is low during the dry season (June to October) and high during the wet season (November to May) with highest levels recorded between March and April. It is during the dry periods, i.e., June – October, that farmers cultivate the vinyungu. The wet period, i.e., November to May, is spent mostly in the upland plots. The annual temperature is typically lower (150 C) in hilly areas (with extremes in June to July) and higher (between 250 C and 300 C) in lowlands (with extremes in December).


3.1.3 Demographic Characteristics


In 2002, the human population of Iringa region was 1,490,892 (URT, 2003). The population grew by 24% and 23% for Iringa and Mufindi districts respectively, over a period of 14 years between 1988 and 2002. These rates are on a high side when compared to the food production rates in the region that are falling (URT, 1999). It is estimated that 20% of the population of the entire region lives in the urban centers of Iringa, Mafinga, Makambako and Njombe. The remaining 80% of the population lives in rural areas and engages in agriculture as their main livelihood activity.


3.1.4 Socioeconomic Situation


The major contribution to the economy of Iringa and Mufindi districts comes from agriculture. In Iringa district for example, agriculture contributes 81.7% to the district’s Gross Domestic Product (GDP) while other activities (livestock keeping, fishing, forestry, mining and trading) collectively contribute the remaining 18.3%. However, much contribution to the 81.7% comes from estates (including tobacco and tea estates). Otherwise, the majority of the community consists of subsistence farmers who have a very low income and are generally categorized as poor hence with less contribution to the GDP (URT, 2004a and b).

3.1.5 Agriculture


Iringa District has a total of 16,607.85 sq. km (or 1,660,800 ha) of arable land of which only 120,612 ha (7.2%) are utilized for cultivation (URT, 1997). In Mufindi district, 133,200 ha (i.e., 19.6% of the arable land) are cultivated. An even smaller percentage of the land suitable for irrigation is irrigated. For example, an estimated 50,000 ha (or 500 sq. km) of land are suitable for irrigation farming in Iringa but only 3,812 ha are actually under irrigated cultivation. The low percentage is attributed to many factors including poor agriculture infrastructure and soil infertility (URT, 1997).


Reduced soil fertility as well as frequent and prolonged droughts are some of the major factors contributing to reduced production levels in the region in terms of yield per unit area. According to the Danish Development Agency (DANIDA, 1982) droughts occur every after ten years, causing food production to drop by more than half the normal production levels. Examples include a very low maize productivity in 1996 where an average of 2 tons of maize per hectare was harvested against the normal capacity of 6.5 tons per hectare, despite government subsidies (URT, 1999).


Availability of water and fertile soils in wetland areas make them attractive for agriculture. The numerous perennial streams in the region provide reliable water for both wet and dry season farming and as such, the government of Tanzania is already promoting irrigation systems in such ecosystems (DANIDA, 1982). While high soil water content of valley bottom swamps may make cultivation difficult, farmers in Iringa region have devised vinyungu to overcome this problem and improve crop production in the region. Over the years, this technology has been transformed to cope with prevailing situations such as unreliable rainfall and increasing soil infertility. The transformation, which includes further expansion of cultivated area, has not been examined to determine its extent and implications on wetland resources and the overall sustainability of the practice.


This study investigated the characteristics and nature of transformation of this technology and evaluated the environmental implications of this transformation. Iringa and Mufindi Districts were selected for this study for the following reasons: 1) they represent typical vinyungu cultivation practice in Iringa; 2) there exist previous studies on the subject in Iringa district and it was felt to be useful to conduct more research which builds upon the earlier work; 3) the Tanzania-Zambia (TANZAM) highway that connects major cities of the country (Mbeya and Dar es Salaam), traverses the two Districts and may have implications on both the marketing and transportation of agricultural produce as well as on inputs used on the farms; 4) availability of good quality aerial photos of the target area; and, 5) accessibility and logistics of sampling.


3.2 Material and Methods


In order to test the hypotheses, I examined the current trends in vinyungu-farming system practices; explored the different factors that may be influencing farmers to change their traditional farming system; and, analyzed how changes in this farming system may in turn be influencing changes in the wetland cover in the study area. The main sources of data were individuals and communities directly involved with vinyungu farming. Formal questionnaires were used to gather information from individual farmers. The research also adopted a Participatory Rural Appraisal (PRA) approach that has been proved to be effective in eliciting detailed quantitative information where community-related studies are concerned (Chambers, 1994; Brace, 1995). PRA also facilitates discussion among community members as they analyze, investigate, and present their experiences. Village meetings were held to validate the information collected.


3.2.1 Sample Profile and Sampling Procedure


The sample population was obtained from nine villages in Iringa and Mufindi Districts, i.e., Usengelindete, Wasa, Muwimbi, Kiponzero, Ihemi, Ilandutwa, and Ifunda in Iringa District and Rungemba and Maduma in Mufindi District.


A list of adults known to cultivate/own vinyungu was obtained from village leaders of all villages within the study area. Farmers were disaggregated by sex, village and ability to express oneself as determined by the village leadership. Ability to express oneself was assessed by level of education (mostly those who have attended at least primary school and can read and write) and/or active participation in previous village meetings.  From a list of 3,000 adult farmers who were eligible for the study, a random sample of six (6) adult farmers from each village was selected for interview, making a total of fifty-four (54) interviewees (refer to Appendix A for sample size calculation). Information gathered from the study area through village leaders and ward officials showed that of those engaged in vinyungu farming nearly 95% grow both food and cash crops. From this information, I wanted to create a sample of vinyungu farmers with a 90% confidence that it would include farmers who were growing both food and cash crops. Sample size for this confidence interval was 51 farmers (Appendix A). I chose to select 54 farmers because it was the closest number that gave me equal number of farmers, i.e., six farmers from each of the nine villages. In addition to the interviewed farmers, other farmers from the same village as interviewees were invited for group discussions to examine their perceptions of various community issues pertaining to vinyungu farming and use of wetlands (some of the major issues covered in group discussions are listed in Appendix C). The information gathered from the group discussions was used to support the generalizability of the findings.


3.2.2 Data Collection


Primary data on vinyungu farming were collected in three main phases and involved both formal and informal survey methods. The first phase involved a formal survey using a pre-designed questionnaire (Appendix B). The questionnaire was used to collect information on vinyungu farming from the 54 representative farmers.


During the individual farmer’s interviews, interviewees were provided an opportunity to decide whether or not they were willing to participate, to ensure a participatory process. District staff accompanied me to all the interviews and assisted with translations where necessary.


The questionnaire was read to the interviewees who also had a blank copy for reference. In all cases, the research team, i.e., an interpreter (a District staff) and myself, recorded interviewee responses on the questionnaire. The questionnaire was designed to generate information on the factors driving farmers to cultivate vinyungu; the role of vinyungu in supporting livelihoods; reasons for current transformation in the practice of vinyungu farming; and, on the environmental implications of the farming system (Appendix A).


The questionnaire was divided into three sections. The first section focused on household information, i.e., general demographics, migrant status and motivations for living in the area, community identity, education level, main activities, and society affiliation. The second section focused on land availability, crop preferences, fallow period, and trends in wetland use and status. The last section focused on labor, input, tools and problems related to vinyungu farming.


The questionnaire has been used to test all the nine study hypotheses. For hypothesis 1, “Greater number of people within the working age in a household would be associated with greater farm size and number of crops grown”, information on age, main occupation, land ownership, land acquisition, land type owned, size of upland plots and vinyungu, and vinyungu area cultivated food and cash crops was gathered through the questionnaire.


For hypothesis 2, “Farmer’s sex or duration of residence in the village is not associated with the size of vinyungu farming area or types of crops grown”, information on the number and type of crops grown and on the proportion of land used for both cash and food crops as they relate to sex and duration of residence in the village, was sought.


For hypothesis 3, “Farmers are likely to use household income on farm inputs (i.e., fertilizer and labor) so as to improve crop production”, households were asked how much they spent on fertilizer and labor hire and whether or not both labor and fertilizer were easily available during the peak periods. Farmers were also asked how much money they accrue from cultivating the wetlands.


For hypothesis 4, “Members of households located within a short distance from the wetlands are more likely to practice vinyungu farming system”, households were asked whether they own, rent, rent-out or borrow land; the size of the land, type of tenure and length of ownership; and distance traveled to the farm. They were also asked the location of their plots (upland/wetland); the period of cultivation (wet/dry season); and the condition of their upland fields in terms of production.


For hypothesis 5, “Greater expansion of vinyungu farms would be associated with increased conversion of wetland area to agricultural land”, farmers were asked about the status of the wetland use (i.e., whether or not wetland utilization for cultivation has increased); status of the wetland (i.e., whether or not wetland size and vegetation cover has declined since they moved into the area); soil fertility; erosion; number of residents (i.e., whether or not there is a population increase); factors that attracted farmers to cultivate vinyungu in this area; and whether or not there were any management plans for the surrounding wetlands. Information on farmers’ perception of environmental problems associated with vinyungu farming was also sought. This hypothesis was further tested using GIS and remote sensing technologies.


For hypothesis 6, “Residing close to the main roads would be associated with greater proportion of wetland converted to agriculture”, farmers were asked of the distance between their plots and the main road. Most farmers have a clear understanding of the distance they walk to the main road or their farms. Linear regression was used to determine whether or not distance to main roads influenced greater conversion of wetlands to agriculture.


For hypothesis 7, “Residing close to a major market would be associated with greater proportion of the wetland converted to agriculture”, farmers were examined to determine whether or not they develop land for vinyungu farming in relation to the distance to the market. The distance from the market to the center of each village was measured as an estimate distance from the farms within that village to the main market.


For hypothesis 8, “Residing close to major roads and markets would be associated with cultivation of a greater proportion of cash crops than food crops”, information on distance from farms to major roads/ markets, types of crops grown, and proportion of land occupied by both food and cash crops was sought.


For hypothesis 9, “Households with greater proportion of land for cash-crop cultivation would be associated with increasing costs of farm inputs (labor and fertilizer)”, information on labor (hired workers) per day, the time of the year the hiring occurs, and tasks performed, was gathered. In addition, information on use of inputs and tools in cultivation (types and costs of fertilizer, types and number of agricultural tools) was also asked.

The second phase involved a PRA exercise (Chambers, 1994; Brace, 1995) that brought together all the 54 interviewees to discuss issues that cut across village boundaries, e.g., water flow and rate downstream. In addition to discussing vinyungu-farming practices in general, information was sought on reasons for transformations in the practice as well as on their views about the environmental implications of the practice. Semi structured discussions were core to the exercise, but in addition, ranking techniques, Venn diagrams, and proportional piling (where participants used stones to indicate the relative importance of different information) were used in gathering information from farmers. Participants recorded key outputs on flip charts. In addition, all the meetings were tape-recorded and research assistants who also attended the meetings produced the transcripts. 


Village meetings were conducted in all nine villages to 1) share the outcome of the PRA exercise with all the other farmers; 2) gather farmers’ views on the outcome of the PRA exercise; and, 3) obtain any additional information and views about vinyungu. In trying to determine farmer’s perception on environmental aspects associated with vinyungu farming, four to five meetings were conducted per village, i.e., within four to five hamlets (sub-villages) per village. A total of forty short (one hour each) meetings were held. This was done to allow a more thorough discussion among villagers, in smaller groups, of the pertinent environmental issues. Prior to all village meetings, a formal request was sent to the Village Chairmen of all nine villages to call for a village meeting where a formal introduction was made to the village community, the purpose of the research made known, and farmers cooperation in the interviews requested. A proportionate number of adult (>18 years old) male and female participants was requested. 


A total of 2,302 farmers attended the meetings. Assisted by District staff, I moderated the discussions to avoid bias or dominance by influential members of society. The discussions were guided by a group questionnaire (Appendix C). These meetings were also tape-recorded and their transcripts were compared to those of the 54 farmers.


All activities in the field were preceded by a formal introduction to the village representatives. District officials introduced the researcher to the village government and study participants as a student collecting information on the past and current vinyungu-farming practices and their relation to recent wetland-cover changes.


3.2.3 Methods of Data Analysis


This study explored the extent of vinyungu-farming practice in wetland areas and its perceived effects on the environment. A combination of quantitative and qualitative methods was used to meet the objectives of the study. I have shown previously that little is known about the effects of vinyungu-farming system on the environment. For this reason, data gathering was made mainly qualitative for in-depth interviews and focus groups in order to generate detailed data that are likely to offer the context under which vinyungu-farming practice changes over time. Information gathered from the randomly selected major vinyungu cultivators was mainly quantitative.


Methods of analysis are divided into three parts. The three parts of analyses used relevant data to (i) describe the background information of the farmers, (ii) establish important associations between the farmers and various aspects of vinyungu-farming practice, and (iii) develop statistical models that can predict use of resources in vinyungu farming. In this chapter, farmer’s perception on various environmental issues that may be associated with vinyungu farming, was assessed. To assess and document the magnitude and extent of change of the Ndembera wetland area used for vinyungu cultivation, GIS and remote sensing methods were used (Chapter 4).


3.2.3.1 Descriptive Statistics


Within this part of the analysis, important demographic features of the farmers who participated in the study are described. Descriptive statistics including means for continuous variables and percentages for categorical variables are computed for all participating farmers. Qualitative data explaining demographics of the villagers are also summarized in this part of analysis.


3.2.3.2 Measures of Associations


The effect of vinyungu-farming practice on the environment was partly assessed by the association between some important farmer or household attributes and the environment, which includes both the infrastructure, e.g., use of farm implements, and farm characteristics, e.g., size, and location. In this part of analysis association tests were conducted to determine whether there is an association between (i) sex and plot size,  (ii) household size and plot size, (iii) distance from home to plot and plot size, (iv) distance from the plot to major road/market and plot size, (v) number of cash crops grown and plot size, (vi) population size and vinyungu farming area. The Pearson’s Chi-square tests evaluated statistical significance of these relationships. Important relationships obtained from the qualitative data are also narrated under this part of analysis. In addition, prior to multivariable analysis, t-tests were run to compare mean levels of size of plots (wetlands and uplands), years of vinyungu cultivation, size of vinyungu rent out, travel times, and proportion of vinyungu planted cash/food crops.


3.2.3.3 Multivariable Analysis


Detailed analysis of some of the relationships examined in Part II was conducted using multivariable analysis. Multivariable linear regression was employed in this section to determine factors affecting plot sizes and types of crops grown (dependent variables) for both wetland and upland farming. This analysis will indicate the importance of each independent variable (distance to the plot, distance to the market, ownership, proximity to major river, number of household members within working age, sex, farm labor, use of fertilizer, duration of vinyungu farming, duration of residence, and sex) on the size of plot used for vinyungu and other farming practices. For this exploratory study, all these factors were entered in the model without using any selection criteria. 


All statistical procedures in the three parts of analyses were conducted using SPSS for Windows version 13.0 statistical package. The significance level of all tests was set at p < 0.05.


3.3 Results: Farmer and Household Characteristics of Valley-Bottom Cultivation (vinyungu) around the Ndembera Swamp in Iringa and Mufindi Districts


This section presents the major findings of the study on farmer and household factors affecting vinyungu-farming system. The results are presented in accordance to the three parts of methods of analysis: descriptive statistics, bivariate relationships between farmer and household characteristics and factors influencing vinyungu-farming system, and the multivariate model of the factors influencing vinyungu farming. Results on farmers’ perception on the environmental issues that may be related to vinyungu cultivation are also presented here.


3.3.1 Sociodemographic Characteristics


The Hehe and Bena are the dominant tribes representing respectively 72% and 22% of the total population. Minor tribes are the Jita, Kinga and Wawanji. The major tribes are from within Iringa region while the minor tribes are from other regions in the country, indicating a minor inmigration. The average number of people per household is six with approximately half of them within the productive age of between 18 and 60 years old
. Based on the 2002 population and housing census, the population distribution in the study villages stands at 20,695, i.e., 9,863 people (48%) between 0 and 14 years old; 5,880 people (28%)  between 15 and 34 years old; 3,493 people (17%) between 35 and 59 years old; and 1,459 people (7%) at 60 and above years old (URT, 2003). The major labor force lies between ages 15 and 59 which constitutes 45% of the population. However, at the village level, 10 and 14 year olds (15%) are also involved in some minor farm activities hence raising the farm labor force to 60% of the entire population in the study villages.


Table 3-1 below summarizes the sociodemographic characteristics of the major vinyungu farmers who participated in the survey. The results show that 63% of the farmers were men and about 91% were married. The higher number of men in the sample may have been influenced by the sampling methods where preference was given to  a representative farmer that owned a kinyungu and who also had a proven ability to express oneself eloquently in the previous village meetings. There was no significant age difference between men and women sampled. A majority of the farmers had primary education and, as expected, almost all of them (96.3%) were engaged in agriculture as their main occupation. The high proportion of residents with only primary education is typical of rural areas in Tanzania, where agricultural activities are a major occupation that starts at an early age and traditionally require no formal qualifications. Only a small proportion of the farmers (27.8%) are members of farmers’ cooperative unions, most of which have been established only recently, i.e., in the early 1990s following a boom of paprika as a cash crop. Cooperative unions prevalent in the 1970s became defunct in the late 1980s mainly because most farmers felt exploited by them and also because they made more loss than they did profit.


3.3.1.1 Land tenure/ownership


With regards to land ownership, Table 3-1 shows that almost all the farmers use their own land for farming activities. While most of the farmers (79.6%) acquired their land through inheritance, about 15% bought the land they currently own. The rest (5.6%) have acquired land through the village government.


Through group discussions, farmers indicated that individuals from the same village who are not landowners or who want to increase productivity, might request access to vinyungu owned by colleagues or relatives both within and outside their village, especially from landowners that are unable to cultivate their entire property due to lack of human or financial resources. This pattern however, is becoming rare while renting is slowly increasing.


Information gathered through group discussions also indicated that vinyungu ownership among households differed in numbers from one kinyungu per household to as many as ten vinyungu per household and that these vinyungu are mostly within the same valley the vinyungu farmers live in. A few vinyungu may be scattered over several valleys, a factor driven by the size of the valley and accessibility.


The data in Table 3-1 also show, as expected among farmers in this area, that typically farmers in the study area would have both vinyungu and upland plots for their farming activities. Group discussions confirmed that villagers may engage in other activities but all of them did indeed cultivate the uplands, vinyungu, or both. However, there is a substantial difference in the size of land owned for these types of plots. Nearly 70% of the farmers own at least three acres (1.2 ha) of upland plots compared to only about 11% who own the same acreage for vinyungu plots.


3.3.1.2 Crop production, crop preference and land use


In group discussions in all nine villages farmers reported that vinyungu farms have become extremely important for both food and cash crop production especially when compared to upland plots. For example, upland production of maize as the main food and cash crop has declined from an average of 30 bags/ha in the 1970s/80s to about 15 bags/ha in the 1990s/00s, even after application of inorganic fertilizer (Table 3-2). Farmers attributed this decline to a number of factors including droughts, poor soils, lack of extension services and removal of government subsidies that were key in providing adequate fertilizer and modern farm implements. On the other hand, maize production in the vinyungu has increased from an average of 23 bags/ha in the 1970s/80s to an average of 33 bags/ha in the 1990s/00s (Table 3-2).


The most common food crops grown on vinyungu include maize, potatoes, beans, and cassava. Maize, potatoes, beans, and vegetables such as peas, tomatoes, onions, and green pepper are important sources of income. Farmers reported that, in most cases, vinyungu are cultivated at least twice a year, mostly during the dry season when market prices are also higher hence maximizing profit (Table 3-3).  Maize, potatoes, beans, and some vegetables are sown around August/ September and harvested in November/ December (potatoes, beans, and vegetables) and later around January/February (maize and vegetables). The second round of planting takes place in March/April and harvesting takes place in June/ July. Vegetables may be sown and harvested thrice a year, depending on water availability. By juggling upland and bottomland cultivation, farmers are able to produce enough food year-round as well as increase family income.


Table 3-1 shows that there are differences in the use of vinyungu plots with respect to the types of crops grown. A larger proportion of the farmers (83.4% vs. 52.0%) use at least half the size of their vinyungu plots for growing food crops compared to cash crops.


3.3.1.3 Inputs on vinyungu

Data from Table 3-1 showed that on average, farmers used Tshs 22,245±13,103 (approximately U.S. $22±13) per bag of inorganic fertilizer per growing season per household. At least 87% of the farmers interviewed use inorganic fertilizer despite the high costs and limited availability. Most farmers buy between 1 and  3 bags per season for both upland and lowland farms and use about half to 1 bag of inorganic fertilizer in their vinyungu. The individual farmers that were interviewed attributed the use of fertilizer on vinyungu plots in the recent years (1990s - 2005) to a decline in soil fertility.


While several sources of labor exist (e.g., hired labor, neighbors, friends), farmers reported family members (i.e., husband, wife, children, dependents) as the most commonly used labor. Neighbors or friends may be requested to help in cases where family labor is not adequate to perform the task. The other alternative is hired labor. Data from Table 3-1 show that the mean cost of hired labor is Tshs 9,983 ± 3,975 (U.S. $10±4) per acre per household. Although most farmers consider this rate high, at least 52% hire labor for the most laborious task of land preparation and rely on family labor (or friends) for other farm activities such as planting, weeding and harvesting.


Tables 4-7 show the results of Part II of the bivariate analysis that explored the association between vinyungu farming practice and factors of influence that included sex, age, years of residence in the village, and number of potential workers (aged 18 to 60 years) in the household. Vinyungu farming was assessed as (i) size of vinyungu plots owned by household, (ii) size of vinyungu plots grown in the dry season, (iii) number of cash crops grown on vinyungu plots, and (iv) size of vinyungu plots grown cash crops.


The results in Table 3-4 show that vinyungu-farming practice is associated with the number of working household members and age of the farmer. Specifically, the data indicated that number of household members who can work is associated with the size of vinyungu. Almost all households with more than three working members had large farming lands and, in addition, over 54.8% such households had plots covering over an acre (> 0.4 ha) of land compared to 45.2% of those households with at most three members. Also, farmers in the 36-to-60-year-old age group were more likely to have large vinyungu plots compared to other age groups.


The results in Table 3-7 showed that age is associated with the size of vinyungu plots cultivated with cash crops (χ2 = 4.432; p = 0.039). Here, farmers belonging to all age groups tend to use less than 50% of their plots to grow cash crops. 


None of the selected factors of influence was related to either size of vinyungu plots during the dry season (Table 3-5) or number of cash crops grown (Table 3-6) at the bivariate level. Overall, there was no difference between men and women in vinyungu-farming practices. That is, men and women had similar patterns of land-use for vinyungu farming system in the study area at this level of analysis.


3.3.1.4 Multivariable analysis


In this part of analysis a multivariable regression model was used to assess factors affecting vinyungu-farming system. For this purpose, a general linear multivariable regression model was fitted to the data collected from major vinyungu cultivators. Four variables, overall size of vinyungu plots, size of vinyungu plots during the dry season, number of cash crops, and size of vinyungu plots grown cash crops were selected as dependent variables describing vinyungu-farming system. Four models, one for each dependent variable, were fitted to determine how farmer and household characteristics influenced the dependent variables. The independent variables included sex, distance from plot to major market, distance from plot to major road, distance from house to plot, cost of hired labor, cost of fertilizer, number of workers in the household and years lived in the village. Number of cash crops (described above as dependent variable) was also used as independent variable in the model for overall size of vinyungu and size of vinyungu plots in dry season. The problem of multicollinearity, i.e., high correlations among the variables used in the model, was addressed prior to fitting of each of the four models to avoid biased regression estimates.  


The results of the linear regression models are presented in Table 3-8.  Results from Model I (overall size of vinyungu) show that the constant term is positive and significant. This means regardless of the independent variables (or predictors) I have selected for this model, a farmer is expected to have vinyungu plots with an average size of 1.558 ha. The model also showed that the number of working persons in the household is related to the overall size of vinyungu plots the household owns. Specifically, the data indicate that for each additional person of working age group in a household, the size of vinyungu plot increases by 0.76 ha (p=0.029).


The relationship between distance from vinyungu plots to both major market and main road appeared to have the hypothesized direction, but did not attain statistical significance. Also, sex, costs of labor and fertilizer, duration of residence in the village and number of cash crops were not related to the overall size of vinyungu plots owned by the farmers. Lastly, the R-Square for model I was 0.342. This indicates that 34.2% of the variation in the size of vinyungu plots can be attributed to the variations in the predictors selected to fit this model. 


Model II was fitted to assess factors influencing size of vinyungu plots during the dry season. My results revealed that the number of persons in a working group per household as well as duration of residence in the village were associated with the size of vinyungu plots grown during the dry season. On average, each additional person in the working group increases the size of plots by 0.251 ha per household (p=0.024). Combined with the results of Model I, these results support hypothesis 1, i.e., greater number of persons in a working age group in a household is associated with greater size of the cultivated vinyungu plots. However, hypotheses 6 and 7 (i.e., residing close to the main roads and major market respectively, would be associated with greater proportion of wetland converted to agriculture) are not supported. The results show that residents with fewer years of residence in the villages are more likely to have larger sizes of vinyungu plots in the dry season.


Model III assesses predictors of the number of cash crops grown in the vinyungu plots. I found that distance from the farmer’s house to the plot is associated with the number of cash crops grown. On the average, each additional kilometer of the distance between the house and the plot is associated with a reduction of about 0.2 (or one out of five) possible cash crops that can be grown in the vinyungu plots. In this model, the selected predictors explained only 28% of the variation in the number of cash crops grown in the plots. That is, the data had the poorest fit on Model III.


Lastly, Model IV was used to analyze factors of the proportion of vinyungu plots for growing cash crops. The constant term indicates that when all predictors have no effect in the model (i.e., when all coefficients are zero), we would expect that, on average, farmers would have 61% of their vinyungu plots grown cash crops. Also, results show that sex and duration of residence in the village were associated with the size of plots used to grow cash crops. Men had 16.5% more of their vinyungu plots grown cash crops compared to women. This finding indicates that men, who were previously not involved in vinyungu cultivation except where hired by women to prepare land for cultivation (Lema, 1996; Masija, 1993), are now increasingly getting involved in this farming system and that they have interest in expanding their plots to grow cash crops.  Similar to the results of Model II, I found in Model IV that duration of residence was associated to the size of vinyungu plots for growing cash crops. Those residents with fewer years of residence in the villages were more likely to have larger proportions of their vinyungu plots used to grow cash crops. All distance factors had the expected direction of relationship with the size of vinyungu for growing cash crops, but were not statistically significant.


Lastly, Table 3-8 shows that age, years of residence in the village, use of fertilizer have no effect on the household’s engagement in vinyungu-farming practice.


3.3.2 Environmental Issues Related to Vinyungu Cultivation


This section presents farmer’s perceptions on different environmental issues as discussed during the village meetings (Table 3-9) and through individual farmers interviews (Table 3-10). Descriptive statistics have been used to analyze the data.


Table 3-9 shows that land availability is not a problem in the area. Instead, farmer’s decision to cultivate vinyungu is driven by the availability of water (75%) and soil fertility (20%). Figures 4 and 5 show the different sources of water used to make vinyungu cultivation possible.


Data in Table 3-9 also show that the use of the wetlands for vinyungu cultivation has increased when compared to the 1970s (97.5% of the responses). This is further supported by data obtained through individual farmer’s interview whereby 63% of the farmers reported a tremendous increase in the use of wetlands for vinyungu cultivation (Table 3-10). While wetland size and soil fertility were reported to be declining, soil erosion was reported to be increasing - as a result of the expansion of vinyungu cultivation over the years. Farmers perceive reduced water flow as the biggest problem resulting from the cultivation of vinyungu, followed by reduced soil fertility, increased soil erosion, and drying of the wetland (Tables 9 and 10). At least 68% of the responses associated soil erosion with the way vinyungu are cultivated, i.e., close to riverbanks and catchment areas as well as massive clearance of wetland vegetation such as Cyperus papyrus (madete) and some important catchment vegetation such as Syzygium cordatum (mivengi). Through village discussions and individual farmers interviews, it was apparent that availability of water and soil fertility are influencing farmers to clear more wetlands to create new vinyungu.


At least 93% of the respondents reported an increased number of households in the study area. This increase may also be playing a part in influencing increased conversion of wetlands to agriculture. Figure 3-3 shows Ndembera river - only 1.5 meters behind the wetland vegetation, farmers are cultivating vinyungu and they are expanding their vinyungu towards the river. Farmers also reported that human conflict over use of wetland resources (land, water) was not observed in the 1970s but is now growing.  Although education on sustainable practices has been provided and land use plans developed in many villages, farmers reported this to be a very recent (2004/5) undertaking.


3.3.3 Discussion


This chapter examined the current trends in vinyungu-farming system practices and explored the different farmer and household factors that may be influencing farmers to change their traditional farming system as well as the implications of the new developments on wetland resources.


Most farmers in the study area would have both vinyungu and upland plots for their farming activities. However, the size of upland plots owned by farmers tends to be larger than that of vinyungu. Land is acquired mostly through inheritance and is usually in close proximity to the villages where farmers live. Therefore, members of households located within a short distance from the wetlands do cultivate vinyungu. Although a few farmers purchased their farmland, this trend is not common practice.


Farmers’ decision to cultivate vinyungu and increase the size of their plots seems to be partly driven by the availability of water, soil fertility and increased production. Due to declining soil fertility in the vinyungu, however, most farmers (87.5%) use inorganic fertilizer. This supports Hypothesis 3, i.e., Farmers are likely to use household income on farm inputs (i.e., fertilizer and labor) so as to improve crop production.


Family members, irrespective of sex, are the main source of labor in the construction of vinyungu. The results in this section support Hypothesis 1. It has been observed that the greater the number of people within a working age group in a household, the greater the size of vinyungu the household is likely to own. Hired labor is considered expensive and is therefore rarely used except for a tough task of land clearing.


The negative regression coefficients on distance factors values indicate that close proximity to both markets and roads is likely to influence an increase in both the size of vinyungu and the proportion of vinyungu cultivated cash crops (Hypotheses 6,7, and 8). Although these relationships were not statistically significant, they give an indication of the validity of the hypothesized relationships.


Sex, costs of labor and fertilizer, duration of residence in the village and number of cash crops were not related to the overall size of vinyungu plots owned by the farmers as was postulated in Hypothesis 2, i.e., farmer’s sex or duration of residence in the village is not associated with the size of vinyungu farming area or types of crops grown.


Sex, age, years of residence, and number of people that can work did not seem to influence the size of vinyungu plots cultivated during the dry season or number of cash crops grown, at the bivariate level. However, at the multivariate level, the number of persons in a working age group per household and duration of residence in the village were associated with the size of vinyungu plots grown during the dry season. That is, households with a greater number of people within a working age group are more likely to have more area in vinyungu during the dry season (p=0.024) and residents with fewer years of residence in the villages are more likely to have larger sizes of vinyungu plots in the dry season (p=0.048). An important implication of this finding could be the movement of farmers coming to settle into the wetland areas. These farmers, who are likely to migrate from more arid areas, seem to have tendency to cultivate larger vinyungu plots during the dry season. These farmers tend to buy the land they cultivate and a few rent.


There was no consistent difference between men and women in vinyungu-farming practices. That is, men and women had similar patterns of land-use for vinyungu-farming system. The only gender difference was observed in the proportion of land used to grow cash crops. Men had a higher percentage of their land used to grow cash crops. This is an indication of a new tradition in vinyungu , i.e., having men more engaged with vinyungu farming and more specifically in cultivation of cash crops.


Distance from the farmer’s house to the plot is inversely related to the number of cash crops grown, i.e., the further the plot is from the house the less the cash crops that can be grown in the vinyungu.


I found out that age, duration of residence, and use of fertilizer were not consistent factors of vinyungu farming. With regards to age, I can explain that no differences occur in various aspects of vinyungu farming because persons of all ages tend to be farmers once they reach young adulthood. In this way, no specific age group may appear to have unique influence on vinyungu farming.


The effect of duration of residence appeared to be limited to the growth of cash crops in the wetlands. Thus, its effect was not detected in other areas, e.g., overall vinyungu area and percentage of area cultivated in the dry season. This implies migration to the wetlands is mainly influenced by cash crop production.


Use of fertilizer appeared to have no influence on vinyungu-farming practice probably because all farmers are relatively at the same level of production, i.e., there is no difference in resources that enable farmers to acquire farm inputs.


Increased soil erosion and reduced water flow, soil fertility and wetland size/ vegetation are associated with both the expansion and methods of vinyungu cultivation. These results partly support Hypothesis 5 which suggested that greater expansion of vinyungu farms would be associated with increased conversion of wetland area to agricultural land. Parallel to increasing environmental problems is growing human conflict over use of wetland resources, as was reported by farmers.


Table 3-1. Sociodemographic and Land Use Characteristics of the Sample Farmers in the study area (n=54) 


		Variable

		Number

		Percent



		Sex


    Male


    Female

		34


20

		63.0


37.0



		  Age 


    18 – 35 years


    36 – 60 years


    61+ years

		21


26


 7

		39.0


48.0


13.0



		  Marital Status


    Married

		49

		90.7



		  Education


    Primary education


    Primary and training


    Secondary education

		41


 8


 5

		76.0


14.8


  9.2



		  Ethnic Distribution


    Bena


    Hehe


    Jita


    Kinga


    Wawanji

		12


39


  1


  1


  1

		22.2


72.2


  1.9


  1.9


  1.9



		  Age distribution by household


   >18 years old (median = 3)


     None


     1-2 people


     3-4 people


     5-6 people


     7+ people


   18-60 years old (median = 3)


     None


     1-2 people


     3-4 people


     5-6 people


     >6 people


   >60 years old (median = 0)


     None


     1 person


     2 people

		  7


  7


23


13


  4


  3


22


27


  1


  1


47


  5


  2

		13


13


42.6


24.1


  7.4


  5.6


40.8


50.0


  1.9


  1.9


87.0


  9.3


  3.7



		Main Occupation


    Agriculture


    Small business (e.g.,  restaurant, local brew)

		52


2

		96.3


  3.7



		Cooperative Membership


    Current member

		15

		27.8





Table 3-1 Continued

		Variable

		Number

		Percent



		Land Ownership


    Own land 

		53

		98.1



		Land Acquisition


    Bought


    Inherited


    Given by the village government

		  8


43


  3

		14.8


79.6


  5.6



		Land Type Owned and Used


    Both vinyungu and upland areas

		52

		96.3



		Size of Upland Plots


    Less than an acre (<0.4 ha)


    1 – 2 acres (0.4 - 0.8 ha)


    3 – 4 acres (1.2 – 1.6 ha)


    Over 4 acres (>1.6 Ha)

		  2


15


20


17

		  3.7


27.8


37.0


31.5



		Size of Vinyungu Plots


    Less than an acre (<0.4 ha)


    1 – 2 acres (0.4 - 0.8 ha)


    3 – 4 acres (1.2 – 1.6 ha)


    Over 4 acres (>1.6 Ha)

		27


21


  2


  4

		50.0


38.9


  3.7


  7.4



		Proportion of Vinyungu Area for Food Crops


    Less than 50%


    About 50%


    Over 50%

		  9


21


24

		16.6


39.0


44.4



		Proportion of Vinyungu Area for Cash Crops

    Less than 50%


    About 50%


    Over 50%

		26


21


  7

		48.0


39.0


13.0



		Cost of fertilizer/bag/growing season/HH (87% users ) Mean± SD

		TShs. 22,245±13,103


($22 ± 13)



		Cost of labor/acre/HH


 (52% hire labor) Mean± SD

		TShs. 9,983±3,975 ($10±4)





Important cash crops include maize, potatoes, beans and vegetables such as tomatoes, onions and peas. Fertlizer commonly used are Urea and CAN (top dressing) and DAP and TSP (during planting). In this study, nutrient amounts were not calculated.


Table 3-2. Maize yields in uplands and vinyungu between 1970s and 2000s (village responses, n=9) (per year, i.e., one season in the uplands and two seasons in the vinyungu)


		Bags/ha Mean+SD

		Maize yields in the uplands

		Maize yields in the vinyungu



		

		1970s /80s


30+6

		1990s/00s


15+7.8

		1970s/80s


23+11.5

		1990s/00s


33+9.3



		# of bags/ha farmers produced between


1970-2005

		<10 bags

		0 response

		3 responses

		0 response

		0 response



		

		10-19 bags

		0 response

		3 responses

		6 responses

		0 response



		

		20-29 bags

		4 responses

		3 responses

		3 responses

		0 response



		

		30-39 bags

		5 responses

		0 response

		0 response

		7 responses



		

		≥40 bags

		0 response

		0 response

		0 response

		2 responses





Farmers expressed yields in bags/acre. Their estimates have been converted to bags/ha (1 bag=100kg when filled with maize grains)

Table 3-3. Potential market price per unit output from cash crops grown in vinyunguand under rain fed agriculture


		Crop

		Growing season (No. of seasons/ year)

		Average price (TShs/bag or tenga)

		Average income (TShs/year)



		

		Rain fed

		Vinyungu

		Rain fed

		Vinyungu

		Rain fed

		Vinyungu



		Maize (bag-1)


Shelled and dried

		1

		2

		28,000

		36,000

		28,000

		72,000



		Beans (bag-1)


Shelled and dried

		1

		2

		54,000

		54,000

		54,000

		108,000



		Potatoes (bag-1)

		1

		2

		25,000

		30,000

		25,000

		60,000



		Peas (bag-1)


In pods, not dried

		1

		2

		20,000

		15,000

		20,000

		30,000



		Onion (bag-1)

		1

		2

		40,000

		50,000

		40,000

		100,000



		Tomatoes (tenga-1)

		1

		3

		3,000

		5,000

		3,000

		15,000



		Cabbage (bag-1)

		1

		2

		4,000

		5,000

		4,000

		10,000





1 bag = 100 kg when filled with dry maize grain; 1 tenga = a tin filled with 16 kg of dry maize grain; Tanzanian Shilling (TShs) 1,000 = $ 1


Table 3-4. Results of Chi-Square Analysis of the Farmer and Household Factors influencing Vinyungu-Farming Practice, i.e., size of vinyungu plots owned by household in relation to sex, age, years of residence in the village, and number of potential workers


		Factors of Influence

		Vinyungu size


< 1 acre (< 0.4 ha) 

		Vinyungu size


≥1 acre (≥ 0.4 ha)

		Χ2

		Р



		Sex


    Female


    Male

		10 (43.5)


13 (56.5)

		10 (32.3)


21 (67.7)

		0.713

		0.287



		Age


   18-35 years


   36-60 years


   61 years or older

		13 (56.5)


9 (39.1)


1 (4.3)

		8 (25.8)


17 (54.8)


6 (19.4)

		6.174

		0.046



		Years of residence


    ≤ 25 years


    > 25 years 

		9 (39.1)


14 (60.9)

		12 (38.7)


19 (61.3)

		0.001

		0.598



		Number of workers


    ≤ 3 workers


    > 3 workers

		22 (95.7)


1 (4.3)

		14 (45.2)


17 (54.8)

		10.963

		0.001





Table 3-5. Results of Chi-Square Analysis of the Farmer and Household Factors influencing Vinyungu-Farming Practice, i.e., size of vinyungu plots grown in the dry season in relation to sex, age, years of residence in the village, and number of potential workers


		Factors of influence

		Vinyungu size dry season


< 2 acres (< 0.8 ha) 

		Vinyungu size dry season ≥ 2 acres (≥ 0.8 ha)

		Χ2

		р



		Sex


    Female


    Male

		17 (36.2)


30 (63.8)

		3 (42.9)


4 (57.1)

		0.117

		0.519



		Age


   18-35 years


   36-60 years


   61 years or older

		18 (38.3)


24 (51.1)


5 (10.6)

		3 (42.9)


2 (28.6)


2 (28.6)

		2.184

		0.336



		Years of residence


    ≤ 25 years


    > 25 years 

		17 (36.2)


30 (63.8)

		4 (57.1)


3 (42.9)

		1.128

		0.256



		Number of workers


    ≤ 3 workers


    > 3 workers

		34 (72.3)


13 (27.7)

		5 (71.4)


2 (28.6)

		0.003

		0.637





Table 3-6. Results of Chi-Square Analysis of the Farmer and Household Factors influencing Vinyungu-Farming Practice, i.e., number of cash crops grown on vinyungu plots in relation to sex, age, years of residence in the village, and number of potential workers


		Factors of influence

		No. of cash crops


≤ 3

		No. of cash crops


> 3

		Χ2

		р



		Sex


    Female


    Male

		10 (30.3)


23 (69.7)

		10 (47.6)


11 (52.4)

		1.650

		0.160



		Age


   18-35 years


   36-60 years


   61 years or older

		15 (45.5)


14 (42.4)


4 (12.1)

		6 (28.6)


12 (57.1)


3 (14.3)

		1.564

		0.457



		Years of residence


    ≤ 25 years


    > 25 years 

		13 (39.4)


20 (60.6)

		8 (38.1)


13 (61.9)

		0.009

		0.577



		Number of workers


    ≤ 3 workers


    > 3 workers

		24 (72.7)


9 (27.3)

		15 (71.4)


6 (28.6)

		0.011

		0.578





Table 3-7. Results of Chi-Square Analysis of the Farmer and Household Factors influencing Vinyungu-Farming Practice, i.e., size of vinyungu plots grown cash crops in relation to sex, age, years of residence in the village, and number of potential workers


		Factors of influence

		Vinyungu area planted cash crops


≤ 50% 

		Vinyungu area planted cash crops


> 50%

		Χ2

		р



		Sex


    Female


    Male

		18 (37.5)


30 (62.5)

		2 (33.3)


4 (66.7)

		0.040

		0.609



		Age


   18-35 years


   36-60 years


   61 years or older

		21 (43.8)


21 (43.8)


6 (12.5)

		0 (0.0)


5 (83.30)


1 (16.7)

		4.432

		0.039



		Years of residence


    ≤ 25 years


    > 25 years 

		18 (37.5)


30 (62.5)

		3 (50.0)


3 (50.0)

		0.351

		0.431



		Number of workers


    ≤ 3 workers


    > 3 workers

		35 (72.9)


13 (27.1)

		4 (66.7)


2 (33.7)

		0.104

		0.539





Table 3-8. Results of the Linear Regression Analysis of the Factors Affecting Vinyungu-Farming Practice


		Variable

		Size of Vinyungu Plot (I)

		Size of Vinyungu in Dry Season (II)

		Number of Cash Crops (III)

		Size of Vinyungu for Cash Crops (IV)



		

		Coefficient

		р

		Coefficient

		Р

		Coefficient

		р

		Coefficient

		Р



		Constant

		1.558

		0.016

		0.231

		0.248

		4.369

		0.007

		61.013

		0.001



		Sex

		0.218

		0.563

		-0.001

		0.993

		-0.478

		0.505

		16.492

		0.031



		Distance to major market (km)

		-0.002

		0.878

		0.002

		0.532

		0.003

		0.878

		-0.032

		0.886



		Distance from plot to main road (km)

		-0.010

		0.664

		0.000

		0.987

		0.067

		0.136

		-0.254

		0.547



		Distance from house to plot (km)

		0.001

		0.979

		NIa

		NIa

		-0.219

		0.031

		-0.058

		0.953



		Labor cost ($)

		-0.001

		0.564

		0.000

		0.646

		0.000

		0.776

		0.000

		0.722



		Cost of fertilizer ($)

		-0.001

		0.396

		0.000

		0.876

		0.000

		0.765

		0.000

		0.088



		No. of working household members (#)

		0.760

		0.029

		0.251

		0.024

		0.169

		0.565

		-1.768

		0.778



		No. of years lived in the village (#)

		0.002

		0.844

		-0.008

		0.048

		-0.036

		0.155

		-0.705

		0.010



		No. of cash crops (#)

		0.029

		0.944

		-0.031

		0.355

		NIa

		NIa

		NIa

		NIa



		R-Square

		0.342

		0.353

		0.284

		0.383





a  Indicates variable “Not Included” in the model due to multicollinearity


Table 3-9. Farmer’s perception on various environmental issues as discussed in the village meetings: the current state compared to the 1970s (n = 40)


		Variable

		Responses

		Percent



		Use of the wetland

		 

		 



		     Has increased

		39

		97.5



		Wetland/wetland vegetation cover

		 

		 



		     Decreased/declined

		36

		90



		Soil fertility

		 

		 



		     Soil fertility has increased

		5

		12.5



		     Soil fertility has declined

		33

		82.5



		Soil erosion

		 

		 



		     No erosion

		0.5

		12.5



		     Some erosion

		27

		67.5



		     Great erosion

		6

		15



		Motivation to cultivate vinyungu in their area

		 

		 



		     Lack of alternative land

		2

		5



		     Rich soil fertility

		8

		20



		     Availability of water

		30

		75



		Vinyungu cause environmental problems

		 

		 



		     Yes

		37

		92.5



		The biggest poblem associated with vinyungu cultivation

		 

		 



		     Reduced water flow

		23

		57.5



		     Reduced soil fertility

		7

		17.5



		     Soil erosion

		8

		20



		     Human conflicts

		2

		5



		Management plans for wetland resources

		 

		 



		     Exist

		25

		62.5



		     Do not exist

		15

		37.5



		Education on sustainable practices

		 

		 



		    Has been provided

		28

		70



		    Has not been provided

		12

		30



		Suggestion to the Government on the future of vinyungu cultivation

		 

		 



		     Vinyungu cultivation be halted/ banned

		6

		15



		     Sustainable/ best management practices be promoted

		34

		85







Figure 3-1. A well is dug where water is not free flowing. Picture taken in Lumuli village in Iringa District, June 2005



Figure 3-2. A river is diverted to supply vinyungu with water. Picture taken in Usengelindete village, Iringa District, June 2005




Figure 3-3. Picture showing Ndembera river behind which vinyungu cultivation is taking place in Maduma village, Mufindi District. An example of how close to the river the vinyungu are getting. Picture taken in June 2005


Table 3-10. Individual farmer’s perception on various environmental issues (n=54)


		Variable

		Responses

		Percent



		Upland plots for crop production


   Fairly productive


   Not very productive

		37


17

		68.5


31.5



		Wetland plots for crop production


   Very productive


   Fairly productive

		28


26

		51.9


48.1



		Factors That influenced farmers to own or rent vinyungu

   They are cheap, easy to get


   Close proximity from home


   High soil fertility


   Excellent dry season alternative (availability of water)

		4


4


30


16

		7.4


7.4


55.6


29.6



		Trend in the utilization of wetlands for vinyungu cultivation


   Use has increased tremendously


   Use has increased slightly


   Use has remained the same


   Use has declined

		34


15


1


4

		63.0


27.8


1.9


7.4



		Trend in the number of households


   Number of households has increased


   Number of households has decreased


   Number of households has remained the same

		50


1


3

		92.6


1.9


5.6



		Environmental problems associated with vinyungu cultivation


   Soil erosion


   Sedimentation


   Reduced water flow


   Drying of the wetland


   Reduced wetland size


   Flooding


   Erosion of river banks


   None

		4


4


26


6


4


4


4


2

		7.4


7.4


48.1


11.1


7.4


7.4


7.4


3.7





CHAPTER 4


USE OF GEOGRAPHIC INFORMATION SYSTEMS AND REMOTE SENSING TO DETERMINE THE MAGNITUDE AND RATE OF CONVERSION OF NDEMBERA SWAMP AS A RESULT OF VINYUNGU EXPANSION


In the previous section of the thesis I explored changes in vinyungu cultivation, factors influencing the changes, and environmental implications as perceived by interviewed farmers. According to the farmers, vinyungu cultivation has increased over time. However, no study has been conducted to determine the extent and rate of wetlands conversion to agriculture.


Geographic Information Systems (GIS) and Remote Sensing technologies are useful analytical tools for obtaining information on land-use/cover change (LUCC), including where and when LUCC occurs and the rates at which they occur (Lambin et al., 1999; Turner et al., 1993). GIS are a computer-based systems of retrieving, storing, manipulating, updating and mapping spatially referenced data (Jones 1997). Remote Sensing is a method of collecting spatial data using remote sensors (i.e., not in direct contact with the target of interest) such as satellites and aerial photography (Jensen 1996). Remote sensing and GIS are often integrated and used to analyze ecosystems on multiple scales with both spatial and temporal factors. These technologies have been used to map and document changes in wetland use and cover (Burgi and Turner, 2002; Jensen et al., 1995; Munyati, 2000; Wang et al., 2006). Such studies have also been able to utilize these technologies to assess further the factors influencing the observed changes. Since field studies can be time consuming, expensive and cover only a small area, remote sensing offers a potentially cost-effective way to study ecological changes over time.


I used remote sensing and GIS to determine the land-use and land-cover changes associated with agricultural activities around Ndembera swamp. My objectives were 1) to determine the magnitude of wetland change between 1977 and -1999; and, 2) to determine whether or not there exists a relationship between agricultural land expansion and a decline in wetland area.


4.1 Data Sets


Two datasets from two different periods (1977 and 1999) were used to analyze land-use/ cover changes. Both datasets are based on un-rectified aerial photographs at the scale of 1:50,000.


4.2 Methods


Photographs were interpreted, using a Topcon Stereoscope. Different land cover types were delineated on the set of un-rectified aerial photographs. Each land cover was symbolized at its location as one land use class or polygon, e.g., “Ag” represented “agricultural land”. Graphical radial triangulation method (Schwidefsky, 1959) was used to control the horizontal scale (vertical scale was controlled during the digitization process). Control points of common areas were marked on all maps including the 1:50,000 topographic maps (i.e., the base control map).


Each photograph had a point that was stereoscopically located. By using these stereo located points, differences of scale between the first photograph to the second, third, fourth and so on were controlled. Transparent overlays were used to transfer the interpreted land covers from aerial photographs to the paper. The pieces of transparent paper were then joined by orientation technique (pass pointed) from the preliminary map. Tracing paper was laid on these transparent overlays and traced as first base map to be relayed on as the base map with all details. This was done for both 1977 and 1999.


The data on the tracing papers were digitized to produce land-use maps of the study area for 1977 and 1999. Visual interpretation was preferred given the relatively small size of the study area. The resulting interpretation was also digitized using Arc INFO 3.5.1. To rectify the aerial photographs, features such as road junctions and river confluence points were identified both on the two sets on one hand, and geo-referenced topographic maps (sheet no. 232/1 and 232/2) on the other hand. All photos were geometrically rectified and registered to a common UTM (Universal Transverse Mercator) projection based on 1:50,000 scale topographic maps of Tanzania (i.e., UTM zone 36 south, datum Arc 1960). The identified points were distributed throughout the study area. Using Arc INFO 3.5.1, the points were used to transform (project) the interpretation from aerial photographs.


4.3 Data Analysis


The coverage or layers produced in ArcINFO were used to produce land use/ cover maps of the two sets in ArcView 3.2. Data analysis to produce the change detection matrix was done using ArcView and Microsoft Excel. ArcView shape files were exported (as dbf files) to Microsoft Excel where the pivot table function was used to produce the change detection matrix. Quantitative data for the overall land use changes and gains and losses in each category were compiled (Table 4-2 and Table 4-3). The change matrix provides information on the main types of changes in the study area.


4.4 Results


Land use and land cover maps of 1977 and 1999 are displayed in Figure 4-1 and 4-2. The overall land use changes from 1977 to 1999 are shown in Table 4-2. According to the table, agricultural land was the largest land-use type, both in 1977 and 1999. Agricultural land took up 65.3 and 46.0%, respectively, of the total area. As per Table 4-2, densely populated areas as well as areas of grassland and woodland increased from 1977 to 1999. On the contrary, agricultural land and open valleys declined.


In 1977, agricultural land covered about 65% of the study area and with an estimated area of 589.4 ha, but in 1999, the total agricultural area was estimated to have decreased by about 29.4% to 416 ha. The annual rate of decrease is estimated at 1.3% during 1977-1999. Valley bottoms covered about 17.4% of the study area and with an estimated area of 157.4 ha, but in 1999, the total valley bottom area was estimated to have declined by about 18.1% to 128.9 ha. The annual rate of decrease is approximately 1% during 1977-1999. Meanwhile, densely populated areas, grassland and woodland increased by about 138, 308, and 79% respectively with an annual growth rate of 6, 13 and 3% during 1977-1999.


Results from the transition matrix in Table 4-3 indicated the area increase or decline of each land use type. It is clear that between 1977 and 1999, the transition replacement rates of agricultural land, populated area, grassland and woodland were high at 42.6, 44.5, 43.4, and 49.6% respectively. That of valley bottoms was the lowest with a transition rate of 25.1%. Between 1977 and 1999, about 17% of valley bottoms were transformed to agricultural land and about 16% were transformed to grassland.

4.5 Discussion



Remote sensing and GIS technologies were used to determine the land-use/cover changes associated with agricultural activities around the Ndembera swamp. Specifically, I evaluated the magnitude of wetland cover change that took place between 1977 and 1999 around Ndembera wetland.


Ndembera wetland has been experiencing various changes over the years. Data on Table 4-2 indicate that densely populated areas, grassland, and woodland areas increased between 1977 and 1999 while agricultural land and wetland areas decreased during that same period. Although the agricultural land decreased, it remains the largest land use type in both 1977 and 1999.


Table 4-2 shows changes of the wetland area between 1977 and 1999. Table 4-3 shows that the total wetland area declined by about 18% between 1977 and 1999 and that at least 17% of the wetland area was transformed to agriculture. This finding supports farmers’ perceptions observed in Chapter 3 (Table 3-10 ) that wetland utilization for vinyungu cultivation has increased. At least 97% of the farmers interviewed reported this increase. In addition, 90% of the farmers that were interviewed believe the Ndembera wetland has decreased in size and that the rivers that drain into the wetland have dried – the outcomes they attributed to increased cultivation of vinyungu. Farmers attributed the increased utilization of vinyungu mainly to a decline in crop production from the uplands that is caused by increased soil infertility and droughts (Tables 9 and 10). The decline in crop production in the upland areas was further compounded by the structural adjustment program that started in the mid 1980s that required the government to stop subsidizing farmers for fertilizer and farm tools. Availability of water and fertile soils in the wetlands therefore, attracted farmers as a way to increase their cultivation of vinyungu. Today, vinyungu are not only attractive to farmers but also to the government. During group discussions, farmers reported they were directed by the government to cultivate vinyungu between 1992 and 1993 to overcome food shortage that was caused by prolonged droughts.


Table 3-3 in Chapter 3 clearly indicates an increased income from vinyungu cultivation compared to rain fed agriculture. Farmers associated the increase in income with trade liberalization that occurred in the 1990s that allowed for improved marketing of goods both in and outside the country. The increase in income is likely to influence further conversion of wetlands to agriculture.


Table 4-3 shows that human settlement in villages surrounding the Ndembera wetland has increased over time by 137%. This increase in human settlement may be contributing to increased conversion of wetlands to agriculture.


The percentage change of the wetland to agriculture seems small. However, recurrent prolonged droughts and market forces that seem to contribute in driving vinyungu expansion started only recently, meaning, the observed land cover changes took place within a relatively short period of time. For example, during the group discussions, farmers reported that the most popular crops, i.e., peas, tomatoes, onions, and potatoes started to be cultivated mostly in the 1990s. Paprika (that is becoming increasingly important to farmers in terms of financial returns) started to be cultivated around 2004 and is now finding its way to vinyungu plots.

Based on these findings, it is evident that wetlands are potential agricultural lands, that unexploited wetlands are likely to be continuously cleared as long as farmers have access to them, and that markets for goods obtained from vinyungu remain viable. These findings also confirm the hypothesis that expansion of vinyungu farming is decreasing the size of wetlands.


About 25 ha (or 16%) of the wetland area has been transformed to grassland. The grassland in this area, as was observed during field survey, consists of short, dry (yellow) grass that remains so until during the rainy months (March to April) when the area may be inundated and the grass turns green. This is to say that the wetland vegetation has been replaced by vegetation that can withstand prolonged dry spells. This change may be caused by reduced water flows into the wetland that was reported by farmers (Table 3-9). It may also be due to accumulation of soils resulting from soil erosion further upstream that was reported by farmers during the interview (Table 3-9). Soil erosion upstream is known to cause sedimentation downstream that may be colonized by vegetation.


Table 4-3 also shows that about 23% of the agricultural land changed to a woodland area. Farmers were asked during the group discussions the reasons for the agricultural land to be replaced by the woodlands. Farmers attributed this change to a ban made by the Government in the mid 1980s to stop farmers from cultivating finger millet in the woodlands, allowing a recolonization of woodlands in the previously cultivated areas.


About 10% of the agricultural land is transformed to a grassland area between 1977 and 1999. Again, the grassland consists of short dry grass. These areas were observed as abandoned agricultural land.


Other changes include the transformation of woodlands to agricultural land and to grassland. Farmers attributed these changes to encroachment into woodlands where woodlands are cleared for cultivation purposes or to obtain wood for home consumption.


About 33% of the grassland areas changed to agricultural land between 1977 and 1999. Farmers reported these areas to be wetter than they used to be, probably due to change in the configuration of rivers that drain in to the Ndembera wetland. Availability of water makes them attractive for cultivation.


Table 4-1. Map History (i.e., Data used)


		S/N

		Date of Photograph

		Film No.

		Exposures

		Scales



		1

		July 1977 (dry season)

		1828

		111-114

		1:50,000



		

		

		1844

		137-142

		



		

		

		1809

		144-151

		



		

		

		1809

		106-113

		



		2

		September 1999 (dry season)

		RUN 15

		2998-3004

		1:50,000



		

		

		RUN 16

		2587-2595

		



		

		

		RUN 17

		2661-2670

		







Figure 4-1. Ndembera swamp in 1977 (A). The inset map (B) shows Ndembera swamp location in Iringa region.



Figure 4-2. Ndembera swamp in 1999 (A). The inset map (B) shows tha location of Lyandembera swamp in Iringa region




Figure 4-3. Land use/ cover change map (1977 and 1999) (A). The inset map (B) shows the location of Lyandembera swamp in Iringa


		Table 4-2. Total area (ha) and area of change of land use types from 1977 to 1999

		

		

		



		Land use


Type

		Total Area (ha)




		Total Area (%)

		1977 – 1999


(change)


 

		

		



		

		1977

		1999

		1977

		1999

		(ha)

		%

		%/yr

		



		Densely Populated Areas

		16.4

		39.1

		1.8

		4.3

		22.6

		137.7

		6.0

		



		Agricultural Land

		589.4

		416.0

		65.3

		46.0

		-173.5

		-29.4

		-1.3

		



		Grassland

		29.8

		121.8

		3.3

		13.5

		91.9

		308.3

		13.4

		



		Wetland

		157.4

		128.9

		17.4

		14.3

		-28.5

		-18.1

		-0.8

		



		Woodland

		110.2

		197.6

		12.2

		21.9

		87.4

		79.27

		3.5

		



		Estimated total

		903.3

		903.3

		100.0

		100.0

		

		

		

		





“Wetland” is synonymous to “Open valley seasonally flooded”


		Table 4-3. Transition matrix of land use types from 1977 to 1999 (transition probabilities in %)

		

		



		Land 

		 

		 

		 

		 

		 

		

		

		

		

		



		use type

		 

		 

		 

		 

		1999

		 

		 

		 

		 

		 



		 

		Densely


populated areas

		Agricultural


Land

		Grassland

		Wetland

		Woodland



		 

		

		

		

		

		



		1977

		Area (Ha)

		%

		Area (Ha)

		%

		Area (Ha)

		%

		Area (Ha)

		%

		Area (Ha)

		%



		Densely

		9.1

		55.5

		4.4

		26.8

		0.9

		5.6

		0.3

		2.1

		1.7

		10



		populated areas

		

		

		

		

		

		

		

		

		

		



		Agricultural land

		27.3

		4.6

		338.3

		57.4

		60.5

		10.3

		24.9

		4.2

		138.4

		23.5



		Grassland

		0.1

		0.4

		10

		33.9

		16.7

		56.5

		1.3

		4.4

		1.4

		4.7



		Wetland

		1.8

		1.2

		27.2

		17.3

		25.4

		16.1

		102.2

		65

		0.8

		0.5



		Woodland

		0.3

		0.2

		36.1

		32.7

		18.3

		16.6

		0.1

		0.1

		55.5

		50.3





CHAPTER 5


DISCUSSION AND CONCLUSION


5.1 Introduction


This thesis examined the growth of wetland farming and its impact to the environment. The first four chapters presented the background and introduction to the study, literature review, analyses of farmer and household characteristics within the study area, and the assessment of land use and land cover change. In this fifth and last chapter, discussion of the major findings is covered. This chapter relates research findings to the research questions and hypotheses posed in Chapter 1. Policy and practice implications of these findings are also presented. A study conclusion that also discusses study limitations and recommendations for future research is covered in the last section of this thesis.


5.2 Major Findings


Analysis of farmer and household characteristics within the study area used a set of questionnaires to determine how vinyungu-farming practice is related to household and farmer characteristics; how vinyungu-farming system evolved between 1970s and 1990s; what have been the driving forces behind the changes in the vinyungu-farming practice; and, what have been the social and environmental implications of changes in vinyungu-farming system. The primary objective of this thesis was to study changes in land use over time and the environmental effects associated with those changes.


Many farmers involved in vinyungu farming around Ndembera wetland in Iringa and Mufindi Districts of Iringa region, Tanzania, provided information for this study regarding their wetland use and their perceptions of changes. Analysis involved both quantitative and qualitative data from participating farmers and group discussions conducted in the study area.


I used the information gathered to test the hypotheses that members of households located within a short distance from the wetlands are more likely to practice vinyungu-farming system and that short distance from the wetlands to roads and markets would be associated with greater proportion of wetland converted to agriculture. I also tested the hypotheses that road and market accessibility would be associated with cultivation of a greater proportion of cash crops than food crops; greater cash crop production would be associated with increased costs of farm inputs (labor and fertilizer); greater number of people within the working age in a household would be associated with greater farm size and number of crops grown; and that farmers are likely to use household income on farm inputs (i.e., fertilizer and labor) so as to improve crop production. Farmer’s sex or duration of residence in the village was not expected to be associated with the size of vinyungu-farming area or types of crops grown. Some of these hypotheses have been supported while others have been rejected as has been illustrated in the following sections.


The findings show that almost all farmers in the study area cultivate both vinyungu and upland plots. However, the size of their upland plots is larger than that of vinyungu, i.e., 70% of farmers own > 1.2 ha in the uplands compared to 11% who own > 1.2 ha of vinyungu. Although most farmers appear to own relatively small vinyungu plots, the overall area used for this farming practice is large because almost all farmers in this area own vinyungu. Ownership of both vinyungu and upland plots means that vinyungu cultivation is not there to replace upland cultivation but that both vinyungu and upland cultivation are important sources of livelihoods for the people of Iringa. Generally, a farmer’s decision to cultivate vinyungu is driven by the availability of labor, water, and soil fertility and not by lack of land.


At least 63% of those interviewed were men. Recalling that women previously predominantly undertook vinyungu cultivation, the higher proportion of men’s involvement indicates a growing interest in wetland use among men, possibly for highly profitable cash crops.


Although almost all farmers cultivate on land they have acquired through inheritance, usually, in close proximity to the villages they live in, at least 15% bought the land they cultivate. The relatively large proportion of land purchases in these areas, where native farmers would mostly acquire land through traditional, non-monetary transactions, might be an indicator that there is a growing need and willingness to acquire and cultivate natural wetland areas among individuals from other areas of the region or country.


Farmers may request access to vinyungu owned by colleagues or relatives both within and outside their village, especially from landowners that are unable to cultivate their entire property due to lack of human and financial resources. This trend however, is becoming rare while renting is slowly increasing. Currently though, only a few farmers do rent vinyungu plots from fellow farmers because such plots are not easily available and are relatively expensive. In most cases, vinyungu are held as a precious and limited resource by families and therefore, all farmers interviewed in this study reported that they do not rent out their plots to other farmers. Where the wetland area is large enough to accommodate more farmers, farmers from within the village could access more land without any formal request. Water resources are communally managed to ensure equal access among farmers. However, where the wetland resources are limited, there is an increase in conflicts over access to vinyungu land and to water resources. These conflicts were traditionally uncommon in the study area.


Family members (i.e., husband, wife, children, dependents) are the most commonly used labor. This further explains that vinyungu cultivation is no longer a predominantly women’s activity but rather an activity of the entire family. In fact, the linear regression revealed that both men and women cultivated vinyungu and that men had more of their vinyungu plots grown cash crops compared to women. The linear regression further revealed that households with a greater number of people within a working age group are more likely to have more area in vinyungu during the dry season. This is mainly because construction of vinyungu is both time-consuming and labor-intensive due to wet and heavy soils that are typical of wetlands. The time required to make a kinyungu is determined by the size of kinyungu desired and the labor available to accomplish the task. Labor hire is considered an expensive undertaking and it is therefore not often used.


Crop production in the uplands has declined due to decline in soil fertility and rainfall. On the other hand, crop production in the vinyungu has increased mainly because farmers cultivate the vinyungu twice or thrice a year, maximizing use of the available water resources and fertile soils. Vinyungu are therefore considered important for both food and cash crop production. In this case, water, soil fertility, and increased production seem to influence farmers’ decisions to cultivate vinyungu and/or increase the size or number of plots.


The bivariate analysis revealed that more farmers use at least half of their vinyungu plots for growing food crops compared to a few who use the same hectareage for growing cash crops. However, the linear regression, which included all factors influencing vinyungu farming, showed that farmers would have at least 61% of their vinyungu grown cash crops. This result suggests a growing importance of wetland use among the residents, i.e., an activity historically known to supplement food production from upland plots is now increasingly used to produce cash crops.


Close proximity to both markets and roads was shown to influence an increase in both the size of vinyungu and the proportion of cultivated cash crops. However, in my study, these did not show statistical significance. Various factors may explain why proximity to major markets and roads may not affect cash crop production. One, there have been concerted national efforts to improve communication networks in the country making most remote places easily accessible; and two, due to good road networks and market demand in major cities, middlemen buy crops from the farm and transport the produce to major markets where crops are sold at almost twice or thrice the original price. This eases sale of produce by farmers at the same time enables middlemen to make profit.


Residents with fewer years of residence in the villages are more likely to have larger sizes of vinyungu plots in the dry season (p=0.048). It is not clear what could be the reason for this finding, but one possible explanation could be the influx of new residents into the wetland areas in recent years due to better crop production in the wetlands. These farmers did not have access to inherited crop land.


Greater distance from the house to the plot was associated with lesser cash crop growing in the vinyungu. That is, plots that are further from home are used to grow mostly food crops. These farms are therefore not very active because active farms require adequate labor and frequent attention and as such, they are usually close to settlements. 

Duration of residence was associated with the size of vinyungu plots for growing cash crops, i.e., residents with fewer years of residence in the villages were more likely to have larger proportions of their vinyungu plots used to grow cash crops. It appears that new resident farmers are those that are interested in increasing income through the cultivation of wetlands. Thus, most recently settled farmers may be more inclined to growing cash crops than food crops.

Expansion of vinyungu and cultivation near sources of water may be associated with farmers’ perceptions of reduced water flow, reduced soil fertility, reduced wetland size and vegetation as well as increased soil erosion. As a result, at least 87.5% of farmers use inorganic fertilizer on vinyungu currently (1990s-00s) compared to the 1970s when they did not use fertilizer. As water resources are becoming limiting in Iringa region farmers reported increasing human conflict over use of these resources.


As discussions with farmers clearly indicated an increased use of wetland resources for the cultivation of vinyungu, I used GIS and remote sensing technologies to determine the magnitude of wetland conversion to agriculture. GIS and remote sensing technologies are an economically feasible way of gathering information with high spatial, spectral, and temporal resolution over large areas (Verstraete et al., 1996). Lack of recorded historical data may limit the use of remotely sensed data to detecting land use changes due to difficulty in estimating uncertainties about the land use classification. However, field survey on land use, interviews with local farmers and district staffs to gather historical land cover data, and simple classification systems, make the use of remotely sensed data an effective means of acquiring information on land use changes, and these methods were employed in this research.


Figure 4-2 shows the Ndembera wetland has experienced land use changes over time. A transition matrix was developed to test Hypothesis 5, “greater expansion of vinyungu farms would be associated with increased conversion of wetland area to agricultural land”. Table 4-3 indicates a transition probability of 17% of the wetland area to agriculture.


Farmers linked their interest on the wetland for crop production to lack of alternative land, soil fertility, and availability of water. In addition to these, they related the increased use of wetlands for agricultural purposes to changes that took place in the country about ten to twenty years ago. These include the structural adjustment program initiated in the mid 1980s that, among other things, took government subsidies away from farmers. Inputs such as inorganic fertilizer became limited and expensive. Also, in the 1990s and especially 1992 and 1993, Tanzania experienced serious and prolonged droughts that affected crop production in the country. To many farmers, wetlands (typically with rich soils and wet conditions) offered a solution. Farmers also reported receiving government directives to cultivate vinyungu to overcome food insecurities.


Farmers use at least 61% of their vinyungu to grow cash crops. This is to say vinyungu, historically known to supplement food production from the uplands, are now increasingly used to produce cash crops. Farmers associated this change to increased markets for their goods that was in turn influenced by trade liberalization that took place in the mid 1980s and was stronger in 1990s. Trade liberalization replaced the former planned economic system with a market-driven economic system. It opened doors for Tanzanians to market their goods (both inside and outside the country) unlike during the former system where the government controlled all the marketing. This increased the ability of Tanzanians to purchase goods. It also made markets for Tanzanian goods (including food) available. The increased purchase power and markets encourage farmers to increase production, both in the uplands and the wetlands.


As noted in chapter 3, farmers can cultivate vinyungu twice, even thrice a year. This increases production and financial gains, encouraging further conversion of wetlands to agriculture especially if the household has adequate labor to cultivate the arduous wetland soils.


The percentage change of the wetland to agriculture seems small. However, some of the factors that seem to contribute in driving vinyungu expansion (droughts, poor soil conditions, and market forces) intensified in the late 1980s early 1990s, meaning, the observed land cover changes took place within a short period of time.


5.3 Conclusion


This study was conducted in Iringa and Mufindi districts, both of Iringa region – in southwest Tanzania. Nine villages were studied. The goal of this study was to investigate the nature of transformation of the vinyungu-farming practice in the two districts and to determine factors influencing the transformations in this farming system and environmental implications associated with this farming system. Two approaches were used. First, I used structured questionnaires to determine farmer and household characteristics associated with vinyungu-farming system as well as farmers’ perceptions on how the system has changed over time, factors influencing the change, and environmental implications associated with these changes. I then used remote sensing and GIS to investigate the relationship between wetland change and agricultural expansion. 


Several factors have been found to influence the transformation of wetlands to vinyungu fields. These include soil infertility of the upland plots - making the rich and moist wetland soils more attractive for agriculture. In the 1970s, vinyungu were small gardens cultivated by women to supplement household diets. However, with population growth, reduced soil fertility in the upland plots, rainfall unreliability and increased droughts, a demand for more arable land increased. Availability of surface water and the high water table of Iringa provide vital moisture that allows farmers to cultivate more than once in a year, hence maximizing household annual crop production. Generally, wetlands in the study area can still accommodate more vinyungu. This, plus the availability of family labor encourage further conversion of wetlands. Accessibility to major markets and roads did not appear to be strongly associated with the size of vinyungu cultivated or the proportion of vinyungu cultivated cash crops. However, given the improvement of the road systems, most farmers do not have to transport their produce to the major markets, as buyers drive to the farms to collect the produce to be sold in major markets. Lastly, farmers reported that sometimes they cultivate vinyungu following government directives during severe droughts.


This research also looked at how vinyungu farming practices have changed over the years. The results indicate a shift in agriculture in the area i.e. vinyungu farming system that supplemented household food obtained from uplands fields has evolved to an economic activity, producing cash crops for the internal market as well as for major towns and cities both in and outside the region.  Also, due to a decline of production power in the uplands and increased profitability in the vinyungu, this traditional irrigation system is transforming from being exclusively a woman’s activity to being an activity for both sexes. A slight increase in the size of vinyungu cultivated, use of fertilizer, year-round production of crops, and encroachment on to wetter parts of the wetland are other ways by which farmers have modified their traditional irrigation system.


Modifications in the vinyungu-farming system have been influenced by a number of factors. These include social change in terms of population growth that required technological methods which would augment productivity so as to cope with growing populations and market demands that require fast, massive and efficient crop productivity (hence the use of fertilizer and repeated cultivation). Another factor is the decline of production power in the uplands due to various reasonssuch asreduced soil fertility and droughts. Improved accessibility allows the middlemen to reach farmers easily, increasing farmer’s ability to market both perishable and non-perishable crops. Individual needs to increase personal income to overcome social challenges and access social amenities such as education, health and clothing, also influence the modifications of vinyungu-farming system. Other reasons for modification of vinyungu-farming system may be the great profit accrued from sale of vinyungu produce over a short period given the repeated production over a year. This encourages farmers to increase their energy on wetland plots. As such, use of the wetlands for vinyungu cultivation has increased when compared to the 1970s as was indicated by nearly 98% of the respondents in this studyas well as through the GIS analysis that indicated the wetland area declined between 1977 and 1999 with agriculture being the major reason for that decline.


Overall, good progress has been made in achieving the aims of the study. However, a few factors may have influenced the outcome of the study, for example, the small sample size and study area. Important data such as historical census at the village level is either lacking or incomplete, hence limiting the analysis of population change at the village level. Future research is needed to improve the predictive ability of the models used by including other factors, such as water quality, water flow and rate as well as better measurement of distance from the plots to markets and roads. I also recommend that future studies involve a much larger sample of farmers or follow the same group of farmers over time to establish the validity of the relationship between distance to major markets/ roads and growth of vinyungu farming as well as the relationship between women’s access to the middlemen and growth of vinyungu farming. Future studies may need to determine whether or not women compete with men in vinyungu farming and whether or not women have changed their roles following men’s participation.


Finally, it is apparent that wetlands are of a great social and economic importance to the people living around them. On the other hand, farmers admitted an increased deterioration of wetland resources, an outcome they linked to a growing level of human activities. More importantly, farmers clearly understand that if the current use of wetland resources remains unchecked they may end up losing the very resourcse they depend upon for their livelihoods. As such, farmers welcome any intervention that would balance human needs and wetland sustaninability. These findings provide an opportunity for the government to encourage farmers to adopt farming practices that conserve the wetlands.


I hope that the results of this study would provide a useful addition to the knowledge on vinyungu farming dynamics. I expect that in the long-run, results of this study, when combined with those of earlier investigators on the evolvement of vinyungu farming, would provide an important input towards the making of policies governing the use of wetlands.


APPENDIX A


SAMPLE SIZE DETERMINATION

1. Reports from the village and other divisional leaders in the study area indicated that there were approximately 3,000 farmers in the nine villages that were selected for participation.  


2. For the purpose of this study, I wanted to obtain the approximate number of farmers who practiced vinyungu farming. After a series of discussions with the leaders and consultation of the village records, I determined that between 1,500 and 2,000 farmers were engaged in vinyungu farming.


3. Of those practicing vinyungu farming, it was indicated that nearly 95% grow both food and cash crops. This study targeted those farmers, in order to measure the extent to which wetlands are used for subsistence and commercial farming.


4.  I wanted to be 90% confident that my sample included at least 95% of farmers who grew both food and cash crop. With the 90% confidence level, α = 0.1. I imposed an error margin of ±5, i.e., I wanted to get this proportion within 5% of its true value.


5. With this information, I used a standard formula for computing sample size for proportion shown below:
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Equation A-1


where z is the standard normal value corresponding to a (1-α) confidence coefficient, p=0.95 the population proportion, q=1-p=0.05, and E is the error margin. I have zα/2 = z0.05 = 1.65, and n is the sample size for a two-sided test.


Inserting these values in equation 1, I get:
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6. Thus my calculations indicated that a minimum of 51 respondents is required to be 90% confident that the sample consists 95% of farmers who grow both food and cash crops in wetlands.


7. To ensure that I obtain an equal number of farmers from each of the nine villages, I interviewed 54 farmers, i.e., six from each village. 


APPENDIX B


SURVEY INSTRUMENT: INDIVIDUAL FARMER QUESTIONNAIRE

B.1 Location


1(a) Village_____________ 1(b) Ward____________ 1(c) Division__________ (1d) District ___________


1(e) Distance from interviewee’s house to the plot: (km) _________


1(f) Distance from main/tarmac road to center of plot of interviewee: (km) _________


B.2 Background Information


2. Name_________________________________________


3. Sex:
i) M  [   ]
ii) F  [   ]


4. Age:

i) <18  [  ]
ii) 19-35  [   ]
iii) 36-60  [   ]
iv) >61  [   ]
v) DN  [   ]


5. Marital Status:
i) Married  [   ]
ii) Single  [   ]
iii) Divorced  [   ]


iv) Widowed  [   ]

v) Separated  [   ]


6. Education level:
i) Uneducated  [   ]
ii) Primary  [   ]
iii) Primary + Course  [   ]


iv) Secondary  [   ]
v) Higher Education  [   ]
vi) Univ./College  [   ]


7. How many people live in this household through most of the year (including yourself)?


i) (61+)
a) M  [   ]  b) F  [   ]
ii) (18-60) a) M  [   ]  b) F  [   ]
iii) (Under 18) a) M  [   ] b) F  [   ]


8. Self-identified Cultural Group/Tribe_______________________


9. How many years have you lived here in this community? (Years/ duration) _________ (if immigrant go to Q.10, if resident go to Q.11)


10. Where did you come from? i) (Village) _________________
ii) (Region) _______________


11. What inspired you to live around here?
i) Easy access to land  [   ]
ii) Soil fertility  [   ]


iii) Family ties/ responsibilities  [   ]

iv) Inheritance  [   ]
v) Close to good markets  [   ]
vi) Close to my work place [   ]
vii) Other:___________________


12. What do you do for a living/what is your main occupation? __________________


13(a) Do you belong to a farmer cooperative society/ farmer association? i) Yes  [   ]
ii) No  [   ]


(if no go to #14)


13(b) If yes, what is the name of the cooperative society/ association? __________________


13(c) When did you join? (Year) _________


13 (d) What is the purpose of the society/association? _________________________________________


13(e) Has your membership been beneficial? i) Yes  [   ]
ii) No  [   ]


Explain______________________________________________________________________________


B.3 Land availability, crop preference, seasonality, and fallow period


14(a) Do you own a piece of farmland? i) Yes  [   ]
ii) No  [   ]
(If  “No” go to # 22)


14(b) How did you acquire this farmland? i) Bought it  [   ]
ii) Given/inherited  [   ]
iii) First here  [   ]
iv) Other  [   ] __________________________________________________


14(c) Do you have some type of title or papers to indicate ownership? i) Yes  [   ]
ii) No  [   ]


Mention: ________________________________________________________
(If “No” go to # 15)


14(d) If yes, how long is it valid for? (Years/Duration) _____


15. Where is the farmland? i) Wetland  [   ]
ii) Upland  [   ]
iii) Both  [   ]


16. If cultivating in the wetland, when did you start cultivating there? (Year) _________________


17. What is the total estimated amount of land owned by the household? 


(a)Upland
i) less than an acre
(b) Wetland
i) less than an acre




ii) 1-2 acres



ii) 1-2 acres




iii) 3-4 acres



iii) 3-4 acres




iv) 4+ acres



iv) 4+ acres


18. When do you farm them?


(a) Upland
i) Dry season  [   ]
ii) Wet season [   ]
iii) Both  [   ]
iv) Never  [   ]


(b) Wetland
i) Dry season  [   ]
ii) Wet season  [   ]
iii) Both  [   ]
iv) Never  [   ]


19. How productive are the upland fields?
i) Very productive  [   ]
ii) Fairly productive  [   ]

iii) Not very productive  [   ]
iv) Not at all productive  [    ]
v) Can’t choose  [   ]


20. How productive are the wetland fields?
i) Very productive  [   ]
ii) Fairly productive  [   ]
iii) Not very productive  [   ]
iv) Not at all productive  [   ]
v) Can’t choose  [   ]


21(a) Do you rent out or lend out your wetland farm to other farmers sometimes? i)Yes  [   ]ii) No  [   ]


21(b) If yes, how many plots? _____


21(c) Of what area/size? i) less than an acre  [   ]
ii) 1-2 acres  [   ]
iii) 3-4 acres  [   ]
iv) 4+ acres  [   ]


21(d) If no, why?________________________________________________________________________


22(a) Do you rent/borrow wetland plots from other farmers to plant your crops?


i) Yes  [   ]
ii) No  [   ] (if no, go to #23)


22(b) How many plots? __________________


22(c) Of what size? i) less than an acre  [   ]
ii) 1-2 acres  [   ]
iii) 3-4 acres  [   ]
iv) 4+ acres  [   ]


22(d) Do you use these plots differently than the plots you own? i) Yes  [   ]
ii) No  [   ]


22(e) If yes, please describe how ____________________________________________________


23. What influenced your decision to own or rent a wetland plot?


i) cheap/easy to get  [   ]
ii) close to the market  [   ]
iii) close to home [   ]
iv) high soil fertility  [   ]
v) dry season alternative (water availability)  [   ]
vi) other ____________________________


24. How far is your /rented wetland farm from the Ndembera river tributaries?


i) right in the river valley  [   ]
ii) 1-5m from the river [   ]
iii) 6-10m from the river  [   ]
iv) 11-15m from the river  [   ]
v) 16+m from the river  [   ]


25. How much of the land you own /rent is usually planted?


(a) Upland
i) Wet season?     All__   ____acres     (b) Wetland
i) Wet season?     All__  ___acres


ii) Dry season?     All__   ____acres


ii) Dry season       All__   ___acres


ii) Both seasons? All__    ____acres

iii) Both seasons? All__    ___acres


26. How far, roughly, do you have to travel to your plot(s)?


(a) Upland
i) around 30min (~4km)

(b) Wetland
i) around 30min (~4km)




ii) around 1hr (~7km)



ii) around 1hr (~7km)


iii) around 2hrs (~14km)



iii) around 2hrs (~14km)


iv) > 2hrs (> 14km)



iv) > 2hrs (> 14km)


v) Do not know




v) Do not know


27. How often do you travel to each plot?
(a) Upland
____

(b) Wetland
____


28. What 3 main crops are grown for food for the household? (Begin with the most important/ often eaten)


Crop
Rank
Location

Crop
Rank
Location

Crop
Rank
Location


_____
____
_______

_____
____
_______

_____
_____
_______


Others: _____________


29. What are the 3 main crops you grow for sale? (Rank by total income earned for hh from crop)


Crop
Rank
Location

Crop
Rank
Location

Crop
Rank
Location


_____
____
_______

_____
____
_______

_____
_____
_______


Others: _______________


30. What proportion of your wetland plot is planted with: (a) Food crops  ____%
  (b) Cash crops ____%


31(a). If you sell the food you produce from a wetland plot, what proportion remains to meet the household needs and what proportion is sold?
(i) Remaining _______ % 
(ii) Sold ______ %


31(b) If you sell the food you produce from upland plots, what proportion remains to meet the household needs and what proportion is sold?
(i) Remaining _______ % 
(ii) Sold ______ %


31(c) What do you use the money for? ______________________________________________________


32(a) Do you plant the same annual crops in each of your wetland plots year after year?


i) Yes  [   ]  ii) No  [   ]


32(b) If yes, why? _______________________________________________________________________


32(c) If no, please describe how you usually rotate your annual crops (season to season, year to year)


______________________________________________________________________________________


33(a) Do you purposely rest (fallow) any of your upland plots before planting them again?


i) Yes  [   ]
ii) No  [   ]


33(b) If yes, How many seasons/ years do you rest each of your upland plots before planting them again?


i) every season  [   ]
ii) every after one season  [   ]
iii) every after two seasons  [   ]
iv) never  [   ]
v) other _____________________________________


34(a) Do you purposely rest (fallow) any of your wetland plots before planting them again?


) Yes  [   ]
) No  [   ]


34(b) If yes, How many years/ seasons do you rest each of your wetland plots before planting them again?


i) every season  [   ]
ii) every after one season  [   ]
iii) every after two seasons  [   ]
iv) never  [   ]
v) other _____________________________________


35. What was the status of the wetland when you moved here?


i) in its natural state [   ]
ii) inhabited  [   ]
iii) cultivated  [   ]
iv)
Other ________________


36(a) How would you describe the trends in wetland utilization?


i) uses have increased tremendously  [   ]
ii) uses have increased slightly  [   ]
iii) uses have remained the same  [   ]
iv) uses have declined  [   ]

v) I don’t know  [   ]


36(b) How many households use the wetland for valley-bottom cultivation? __________________


36(c) Has this number I) increased?
  [   ]
ii) Decreased?  [   ]
iii) remained the same?  [   ]


B.4 Labor, Input, and Tools on Vinyungu

37(a) Do you work for other farmers as hired labor? i) Yes [   ]

ii) No  [   ] (If No, go to # 38)


37(b) If yes, how much money do you get (per day or task)? (TShs) ________________


37(c) What is the main use of the money you earn from working? i) domestic use (food and clothing)  [   ]
ii) pay school fees for kids  [   ]
iii) re-invested on the farm  [   ]
iv) pocket money for head of household  [   ]
v) put to family business  [   ]
vi) other: ___________________________________


38(a) Do you hire others to work for you? i) Yes  [   ]

ii) No  [   ] (If “No” g to # 40)


38(b) If yes, for what tasks do you hire the labor? i) to cultivate  [   ]
ii) to clear land  [   ]
iii) to weed  [   ]
iv) to harvest  [   ]

v) others:_______________________________


38(c) How much do you pay for labor (per day or task)? _______________________________


39(a) Can you find workers whenever you need them? i) Yes  [   ]
ii) No  [   ]


39(b) If yes, where do they come from? i) within the village  [   ]
ii) neighboring villages  [   ]
iii) other regions  [   ]
iv) Don’t know
Name: _________________________


40(a) Do you usually use manure on any of your crops or plots in the wetland?


i) Yes  [   ]
ii) No  [   ] (If No, go to # 41)


40(b) If Yes, on which crops do you usually use manure?


Crop



____________
____________
____________
_____________


Type of manure (animal/ peat?)
____________
____________
____________
_____________


40(c) Have you always used manure since you started working a “kinyungu”?


i) Yes  [   ]
ii) No  [   ]


40(d) If No, what might have triggered the use of manure recently? i) loss of fertility in the soil  [   ]
ii) need to grow more and faster  [   ]
iii) it is a habit to use manure  [   ]
iv) easy way to discard family manure  [   ]
v) other: ________________________________________________________


40(e) Do you usually have enough manure from your own animals/ source for your crops?


i) Yes  [   ]
ii) No  [   ]


40(f) Do you ever buy manure? i) Yes [   ]
ii) No  [   ]

(If no, go to question # 41)


40(g) If yes, how often do you buy manure? i) every season  [   ]
ii) every other season  [   ]
iii) once every two seasons  [   ]
iv)once every three seasons
v) once every four seasons

v) Other: ______________________


40(h) How much did you buy the last time you bought manure? i) 1-5 bags  [   ]
ii) 6-10 bags  [   ]
iii) 11-15 bags  [   ]
iv) 16-20 bags  [   ]
v) other ________


40(i) How much did you pay the last time you bought manure? i) <500 TShs per bag [   ]
ii) 501-1000 TShs per bag  [   ]

iii) 1001-1500 TShs per bag  [  ]
iv) 1501-2000 TShs per bag  [   ]
v)2001-2500 TShs per bag  [   ]
vi) 2501-3000 TShs per bag  [   ]
vii) Other: __________________________


41(a) Do you use fertilizer on any of your crops? I) Yes  [   ]
ii) No  [   ]
(If no go to # 43)


41(b) If Yes, how often do you use fertilizer? i) Regularly  [   ]
ii) Occasionally  [   ]
iii) Never  [   ]


41(c) Why did you begin to use fertilizer? i) loss of fertility in the soil  [   ]
ii) need to grow more faster  [   ]
iii) it is a habit to use fertilizer  [   ]
iii)  other: _____________________________________________________________________


41(d) What type(s) of fertilizer do you use? __________________________________________


41(e) On which crop(s) do you use fertilizer? _____________________________________________


41(f) Where do you purchase or obtain the fertilizer from? ____________________________________


41(g) What amount do you purchase? i) 1-5 bags  [   ]
ii) 6-10 bags  [   ]
iii) 11-15 bags  [   ]
iv) 16-20 bags  [   ]
v) other ________


41(h) How much did you pay the last time you bought fertilizer? i) <500 TShs per bag [   ]
ii) 501-1000 TShs per bag  [   ]

iii) 1001-1500 TShs per bag  [  ]
iv) 1501-2000 TShs per bag  [   ]
v)2001-2500 TShs per bag  [   ]
vi) 2501-3000 TShs per bag  [   ]
vii) Other: _____________


41(i) Is fertilizer always available if you have money to buy it? i) Yes  [   ]
ii) No  [   ]


42. If you have never used fertilizer, please give the reasons: _____________________________________


43(a) Are there any other methods (local/traditional) that you use to improve the soil fertility of your wetland plot/land? i) Yes  [   ]
ii) No  [   ]


43(b) If yes, what other methods do you use? _________________________________________________


44. How do you cultivate your fields? i) ox plow  [   ]
ii) hand hoe  [   ]
iii) tractor  [   ]


If more than one practice please explain____________________________________________________


45. What would you say is the major agricultural problem associated with cultivating in the wetland? i) laborious  [   ]
ii) costly investment  [   ]
iii) conflicts
iv) low return/low value for money  [   ]
v) it is only seasonal  [   ]
vi) Other: ______________________________________________


46. What would you say is the major environmental problem associated with cultivating in the wetland? i) soil erosion  [   ]
ii) sedimentation  [   ]
iii) reduced river flow  [   ]
iv) drying of the wetland  [   ]
v) reduced wetland size  [   ]
vi) flooding  [   ]

vii) river banks erosion  [   ]
ix) Other ____________


APPENDIX C


SURVEY INSTRUMENT : GROUP QUESTIONNAIRE


C.1 Background


1(a) Main tribe(s) _____________
________________
_______________
______________


1(b) Number of farmers present:
i) Male  [   ]
ii) Female  [   ]


C.2 Land availability, cropping preference, and fallow period


2(a). Do most farmers in this village i) own land  [   ]
ii) rent land  [   ]
iii) borrow land  [   ]


2(b) What indicates ownership of land by a farmer in your villages? i) village government letter/certificate of ownership  [   ]
ii) local government letter/ certificate of ownership  [   ]
iii) title deed  [   ] iv) nothing  [   ]
iv) Don’t know  [   ]


2(c) Do most farmers in your villages have as much land as they need? i) Yes  [   ]
ii) No  [   ]


2(d) If “No” what do they do to cope with the situation? _________________________________________


3(a) What are the three most important crops grown for food in your villages for:


Food crops
_______________
________________
________________


3(b) What are the three most important crops grown for income in this village for:


Income crops
_______________
________________
________________


3(c) Which other important crops are grown in this village?


Crops

________________
_________________
________________


4(a) What are the main crops grown in/around the wetland in the dry season?


Crops

 ____________
_____________
______________


4(b) What are the main crops grown in/around the wet season?


Crops

 ______________
______________

______________


5. How long have “vinyungu” been cultivated? (Years) ____________


6. What inspired/attracted people to cultivate “vinyungu”? i) cheap/easy to get  [   ]
ii) close to the market  [   ]
iii) close to homes [   ]
iv) high soil fertility  [   ]
v) dry season alternative (water availability)  vi) close to people’s working places
[   ]
vi) other ____________________________


7(a) Do farmers in your villages rotate crops in their wetland fields?


i) Yes  [   ]
ii) No  [   ]


7(b) If “No” why is that the case _____________________________________


7(c) Do farmers in your villages rest their farms before being planted again?


i) Yes  [   ]
ii) No  [   ]


7(d) If “No” explain _____________________________________________________________________


8(a) Are the wetland plots in your villages irrigated? I) Yes  [   ]
ii) No  [   ]


8(b) If “Yes” which methods of irrigation are used? _________________________________________


8(c) If “No” why is it the case? __________________________________________________________


C.3 Input, Tools and Labor


9. What is the most commonly used method of land preparation in the vinyungu in your villages?


i) Hand hoeing  [   ]

ii) Ox plowing  [   ]
iii) Tractors  [   ]


10(a) Do farmers in your villages use fertilizer in the vinyungu? i) Yes [   ]
ii) No  [   ]


10(b) Have farmers always used fertilizer since they started working the “vinyungu”?


i) Yes  [   ]
ii) No  [   ]


10(c) If No, what might have triggered the use of fertilizer recently? i) loss of fertility in the soil  [   ]
ii) need to grow more and faster  [   ]
iii) it is become a habit to use fertilizer  [   ]
iii) other: ________________________________________________________


10(d) What proportion would say use fertilizer in the vinyungu? i) about ¼ of the farmers  [   ]
ii) about ½ the farmers  [   ]
iii) about ¾ of the farmers  [   ]
iv) all  [   ]
v) none  [  ]


10(e) For what crops is fertilizer used? Crops ____________
______________
______________


10(f) How much does fertilizer cost in your villages? (TShs) ____________


10(g) Can most people afford fertilizer in your villages? i) Yes  [  ]
ii) No  [   ]


10(h) Was fertilizer available and enough for all farmers who were willing to pay the (higher) price?


i) Yes  [   ]
ii) No  [   ]
Explain ____________________________________________


11(a) Do farmers in your villages use manure in the vinyungu? i) Yes  [   ]
ii) No  [   ]


11(b) What proportion would you say use manure? i) about ¼ of the farmers  [   ]
ii) about ½ the farmers  [   ]
iii) about ¾ of the farmers  [   ]
iv) all  [   ]
v) none  [  ]


11(c) For what crops is the manure used?


Crop

____________
____________
____________
_____________


Type of manure
____________
____________
____________
_____________


11(d) Have farmers always used manure since they started working a “kinyungu”?


i) Yes  [   ]
ii) No  [   ]


11(e) If No, what might have triggered the use of manure recently? i) loss of fertility in the soil  [   ]
ii) need to grow more and faster  [   ]
iii) it is a habit to use manure  [   ]
iv) easy way to discard family manure  [   ]
v) other: ________________________________________________________


11(f) From where do farmers get most of the manure they use? i) own animals  [   ]
ii) buy  [   ]


11(g) How much does manure cost in your villages? (TShs.)  _________________


12. Are there any other methods (local/traditional) that you use to improve the soil fertility of your land?


i) Yes  [   ]
ii) No  [   ]
If yes, what other methods do you use? ______________________


13(a) Do farmers in your villages use hired labor? i) Yes  [   ]

ii) No  [   ]


13(b) Are hired laborers available whenever farmers need them? ii) Yes  [   ]
ii) No  [   ]


13(c) If no, explain why ______________________________________________________________


14. From where do most farmers obtain the cash they need to pay farming expenses?________________


____________________________________________________________________________________


C.4 Wetlands vs. Uplands


15. How important to you are the wetland fields for crop production cf. upland fields?


i) Very important  [   ]
ii) Fairly Important  [   ]
iii) Not very important  [   ]
iv) Not at all important  [   ]
v) Can’t choose  [   ]


16. How important to you are the wetland fields for income cf. upland fields?


i) Very important  [   ]
ii) Fairly Important  [   ]
iii) Not very important  [   ]
iv) Not at all important  [   ]
v) Can’t choose


17. If cultivating in both wetland and upland, do most farmers have adequate time to work in both fields?


i) Yes  [   ]
ii) No  [   ]
If No, what do you do about it? ______________________________


18(a) Is there more or less renting of land now than in the past? I) More  [   ]
ii) Less  [   ]
iii) No change  [   ]


18(b) What is the main reason? I) land unavailability  [   ]
ii) land very expensive  [   ]
iii) Other _________________


Cropping and Land Use about 35 years ago compared to today (relative to aerial photos of 1940s, 70s, 90s)


Now I would like to know how the system has changed during the last 35 years that is from the late Mwalimu Julius Nyerere’s era to today - the time of political and economic changes.


19.Thirty-five years ago, what were the 3 main activities undertaken in the wetland by the villages around the Lyandembera? (in order of importance) ________________
_____________
______________


20(a) Thirty-five years ago, what were the 3 main crops for food in your villages (rank in order of priority)?


_____________
___________________
__________________


20(b) Thirty-five years ago, what were the 3 main crops for income your villages (in order of priority)?


________________
_________________________
__________________


21(a) Are there any new crops or varieties in this village now that were not grown thirty-five years ago?


i) Yes  [   ]
ii) No  [   ]


21(b) If yes, please list crops in order of importance? ____________
_____________
_____________


21(c) When did farmers start to grow them? (Year) _________


21 (d) What is the main driving force for farmers to grow the most popular new crop? i) quick return for money and effort  [   ]
ii) less laborious  [   ]
iii) fetch more money  [   ]
iv) needed to try different options  [   ] v) strong marketing by outside sources  [   ]
vi) government directive  [   ]
vii) Other _____________


22(a) Are there crops/varieties that you planted in the past that you no longer plant (or have sharply reduced planting)? i) Yes  [   ]
ii) No  [   ]


22(b) If yes, which ones? ______________
_____________
______________


22(c) Why did you stop/reduce planting each of them? i) unmarketable  [   ]
ii) laborious  [   ]
iii) too costly to grow  [   ]
iv) seeds not easily available  [   ]
v) hard to store  [   ]
vi) take too long to grow  [   ]
vii) easily affected by diseases/pest/animals  [   ]
viii) Other ___________________


23(a) How can upland yields be compared to the past? i) increased  [   ]
ii) decreased  [   ]
iii) same  [   ]


23(b) How much maize (or whatever is popularly grown in the uplands) do you produce today compared to the 1970s?


Upland crop

1970s yield
2005 yields


24(a) How can wetland yields be compared to the past? i) increased  [   ]    ii) decreased  [   ]   iii) same  [   ]


24(b) How much crop (popularly grown in the wetlands) do you produce today compared to the 1970s?


Wetland crop

1970s yield
2005 yield


25(a) How can fertilizer cost be compared to the past? i) cheaper  [   ]
ii) more expensive  [   ]
ii) more or less the same  [   ]


25(b) How has this affected use of fertilizer? i) reduced  [   ]
ii) increased  [   ]
iii) no change  [   ]


25(c) (If use has declined) How do farmers compensate for using less fertilizer?


i) use manure  [   ]
ii) fallowing  [   ]
iii) crop rotation  [   ]
iv) Nothing  [   ]


25(d) How has reduced use of fertilizer affected your crop output? i) reduced  [   ]
ii) increased  [   ]
iii) No change  [   ]


25(e) How has reduced use of fertilizer affected your choice of crops or cropping patterns?


______________________________________________________________________________________


26. How would you describe the trends in wetland utilization?


i) uses have increased tremendously  [   ]
ii) uses have increased slightly  [   ]
iii) uses have remained the same  [   ]
iv) uses have declined  [   ]

v) I don’t know  [   ]


27. How would you compare the current wetland size to that of the 1970s?


i) Has decreased  [   ]
ii) Has increased  [   ]
iii) No changes  [   ]
iv) Don’t know  [   ]


28. How would you compare the current vegetation cover/ natural state of the wetland to that of the 1970s? I) has increased/improved  [   ]
ii) has decreased/declined  [   ]
iii) no change  [   ]
iv) Don’t know  [   ]


29. How would you compare the current soil fertility to that of the 1970s? I) more fertile  [   ]
ii) less fertile  [   ]
iv) very unfertile  [   ]
v) Do not know  [   ]


30. What would you say about the current state of the soil erosion in this area especially around the wetland? I) No erosion  [   ]
ii) some erosion  [   ]
iii) highly eroded  [   ]

iv) Don’t know  [   ]


31. What would you say about relations over use of water for cultivation in the wetland? I) no conflict  [   ]
ii) some/rare conflicts  [   ]
iii) rare but huge/deadly conflicts  [   ]
iv) conflicts are often but not huge
  [   ]
v) conflicts are often and very huge  [   ]
vi) Don’t know  [   ]


32. What would you say about the population trends? I) has increased  [   ]
ii) has declined  [   ]
iii) no change  [   ]
iv) Don’t know  [   ]


33. Why do you think people chose this area for valley-bottom cultivation?


i) lack of land  [   ]
ii) soil fertility  [   ]
iii) water availability  [   ]
iii) Other______________


34(a) Do you perceive agricultural activities detrimental to the wetland? I) Yes  [   ]
ii) No  [   ]


34(b) If “Yes”, what has been the biggest impact on wetland resources? i) reduced water flow  [   ]
ii) reduced soil fertility  [   ]
iii) soil erosion  [   ]
iv) human conflict  [   ]
v) other ______________


35. What would you say is the trend with rainfall comparing today and the 1970s? I) has increased
 [   ]
ii) has decreased  [   ]
iii) has remained the same  [   ]
iv) Do not know  [   ]


36(a) Are there any management plans in your villages with regards the future of the wetland resources?


I) Yes  [   ]
ii) No  [   ]


36(b) If “No”, what would you say should be the number one undertaking/consideration for the future of the wetlands? i) drained/ further opened to economic [   ]
ii) be left alone to recover  [   ]
iii) a land use plan developed to balance human and environment needs
v) maintain the current status quo  [   ]
iv) Other __________________________________________________________________


Explain ___________________________________________________________________________


37(a) Have you ever been directed or advised by the government on wise use strategies for this wetlands?


i) Yes  [   ]
ii) No  [   ]


If yes, what kind of directives/advise? _______________________________________________________


37(b) Why do you think the government has not reduced or banned valley-bottom cultivation yet?


______________________________________________________________________________________


37(c) What do you think the government should do with regards valley-bottom cultivation? I) ban it  [   ]
ii) promote sustainable cultivation through participatory management planning  [   ]
iii) should not interfere  [   ]
iii) Other ________________________________________________________
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� The International Labor Organization (ILO) recognizes children as those ranging between ages 5-17. The National Youth Development Policy of Tanzania recognizes ages 15-24 as youths (below which are children). Age 18 is considered “mature and able to vote”  while 60 is a pensionable retirement age. For the purpose of this study, I used “working ages” and not age distribution in the general population in my categorization. I have categorized ages 0-17 as children (potential labor force); ages 18-35 as youths (and the major labor force that is also dynamic and can own land); ages 36-60 as adults (and an important work force, perharps more settled); and, ages 61 and above as the ederly (and not a major labor force).
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