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CHAPTER 1: INTRODUCTION 

1.1 Background of study 

The economy of Tanzania is based on agriculture, which employs more than 65 percent of the 

population and contributes about 28 percent to the national Gross Domestic Product (GDP. 

Agriculture in the Shinyanga Region, which is a part of the northwestern part of Tanzania, is 

mainly subsistence-based, with crops such as cotton, maize, and rice being the dominant features 

of the land, as well as the fact that livestock rearing is a significant contributor to food production 

and economic activities in the region (National Bureau of Statistics [NBS], 2022). The semi-arid 

climate and large arable land area of approximately 50,000 square kilometers offer unique 

opportunities to use mechanization, but the traditional farming practices that are based on human 

and animal labor are still present because of the historical and infrastructural factors (FAO 2021, 

2021). It has been noted that mechanized agriculture, which refers to the combination of non-

human sources of power, including animals and machinery, to boost the efficiency of farming, is 

one of the factors that have contributed to the transformation of the rural economies of developing 

nations such as Tanzania (Binswanger-Mkhize & Savastano, 2017). 

The development of power sources in the Tanzanian agriculture dates back to colonialism when 

draught animal power (DAP) was used to complement manual work in areas with an appropriate 

population of livestock (Mrema et al., 2008). The Sukuma ethnic group in Shinyanga has been 

using oxen to plow their fields since the culture has adapted to the agro-ecological environment in 

the area (Shetto & Owenya, 2007). Nevertheless, the post-independence period witnessed 

occasional government efforts to bring mechanical power, including tractors, that were usually 

unsuccessful because of the maintenance problems and the absence of spare parts (Lugendo et al., 

2016). The latest policies within the Agricultural Sector Development Programme (ASDP) in 

Tanzania focus on mechanization as the means to attain food security and poverty reduction, which 

is consistent with the Sustainable Development Goals (SDGs), especially SDG 2 on zero hunger 

(United Republic of Tanzania [URT], 2019). Nevertheless, machinery adoption is still low at 

approximately 13 percent in the country and Shinyanga has a higher DAP adoption but fewer 

tractor penetration. 

Smallholder farms in Shinyanga are dominated by human power, which entails manual labor, such 

as hoes and machetes, since family labor is the main source of input to perform activities such as 
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planting and weeding (Nakano & Magezi, 2019). This dependence is due to the economic limitation 

and the topography of the area, which consists of flat plains that can be cultivated manually but 

difficult to use large machinery (Namiotko et al., 2022). Animal power, especially oxen, has been 

adopted in cotton producing regions, which has helped farmers to farm more land and enhance 

time efficiency of activities (Starkey & Mutagubya, n.d.). Machinery, such as two-wheel tractors 

(2WTs) and four-wheel tractors (4WTs) are the epitome of modernization, but their contribution 

in Shinyanga is disproportionate because it is expensive and relies on fuel (Magezi et al., 2023). 

The interaction of these sources of power is important in the development of policies in the region 

where agriculture employs more than 80 percent of the population (NBS, 2022). 

1.2 Statement of the problem 

Although Tanzania has a huge agricultural potential, 45 million hectares of arable land, the 

productivity of staple crops is low at approximately 1.5 tons per hectare, which is significantly 

lower than the world averages (FAO, 2021). This problem is aggravated in Shinyanga by the use 

of inefficient sources of power, which results in labor-intensive activities that cause soil erosion 

and low productivity (Hoyk et al., 2022). Human power, though available, causes high levels of 

drudgery and restricts farmland to a 2-3 hectares per household average, which continues the 

cycles of poverty (Teca, 2026). Draught animal power is somewhat alleviated but limited by such 

diseases as trypanosomiasis caused by tsetse flies, which impacts the health of livestock and makes 

it less effective in approximately 60% of the area (Mrema, 2016a). 

Mechanization of power sources has been encouraged, such as the National Mechanization 

Strategy, but in Shinyanga, barriers such as poor infrastructure have prevented its adoption, and 

only 10% of farmers have hired tractors through hiring services (Lugendo et al., 2016). The result 

of this mismatch is untimely operations, losses of more than 30 percent after harvesting, and 

exposure to climate variability (URT, 2021). Current literature concentrates on national trends, 

and there is a gap in the region-specific studies of the impact of human, animal, and machinery 

sources of power on productivity and livelihoods (Magezi et al., 2023,). In the absence of specific 

research, policies might not respond to the specific issues of Shinyanga including the high density 

of livestock and semi-arid climate that may impede sustainable agricultural development 

(JAICAF, 2015). Furthermore, gender disparities amplify the problem, as women, who constitute 

60% of the agricultural workforce in Shinyanga, bear the brunt of manual labor, limiting their 
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economic empowerment (Alliance for a Green Revolution in Africa [AGRA], 2020). The lack of 

comprehensive data on the efficacy and impacts of these power sources results in inefficient 

resource allocation, with government subsidies often benefiting larger farms rather than 

smallholders. Addressing this requires an in-depth case study to evaluate the role of each power 

source, informing strategies for inclusive mechanization (Binswanger-Mkhize & Savastano, 2017). 

1.3 Objectives of the study 

This study seeks to fill existing gaps through a comprehensive investigation of mechanised 

agriculture in the Shinyanga Region. The specific aims are: 

i. To study the role and efficacy of human power sources in the agricultural activities in 

Shinyanga Region, Tanzania.   

ii. To evaluate the usage and effect of draught animal power (DAP) on agricultural 

productivity in Shinyanga Region, Tanzania.   

iii. To assess the impact of mechanical power sources including tractors and other machinery, 

on agricultural advancement in Shinyanga Region, Tanzania. 

1.4 Research questions 

To guide the investigation, the study poses:  

i. What is the role and efficacy of human power sources in Shinyanga's agricultural activities?  

ii. How does draught animal power usage affect productivity in the region?  

iii. What impacts do mechanical power sources have on agricultural advancement?  

1.5 Significance of the study 

This research holds practical significance for policymakers in Tanzania, offering insights to 

enhance mechanization strategies tailored to Shinyanga's context (FAO, 2021). Farmers and 

extension services can benefit from recommendations on optimizing power sources, potentially 

increasing yields by 20-30% through better integration (AGRA, 2020). Academically, it 

contributes to the body of knowledge on African mechanization, providing a model for similar 

studies in semi-arid regions (Binswanger-Mkhize & Savastano, 2017). 

1.6 Scope and limitations 

The study is confined to Shinyanga Region, focusing on smallholder farms in key districts like 

Shinyanga Rural and Kahama (NBS, 2022). Limitations include reliance on self-reported data, 
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potential biases, and seasonal variations affecting fieldwork (Mrema, 2016). Despite these, the 

findings offer valuable region-specific insights (Lugendo et al., 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER TWO: LITERATURE REVIEW 

Agricultural mechanization in Tanzania is one of the most important pathways towards the 

improvement of agricultural productivity, food security and economic development. In this 

literature review, the author explores the nature of human, animal and machinery sources of power 
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in Tanzanian agriculture, with a narrow, but regionally generalized, interest in the Shinyanga 

Region. The development and interaction of these sources of power should be understood in order 

to create effective interventions and policies that can enhance sustainable agricultural 

development. 

2.1. Introduction to agricultural mechanization in Tanzania: a foundational perspective 

2.1.1 The pivotal role of agriculture in Tanzania’s socio-economic landscape 

Agriculture stands as the economic bedrock of Tanzania, fundamentally underpinning national 

food security, rural livelihoods, and overall economic growth (World Bank, 2013). The sector not 

only provides staple foods for a rapidly expanding population but also serves as a significant source 

of export earnings and raw materials for nascent industries (EPAR, 2011). With an estimated 45 

million hectares of potential agricultural land, Tanzania possesses immense unexploited capacity 

for agricultural expansion and intensification (Mrema, 2016).  

Despite this inherent potential, the sector is frequently characterized by low productivity levels, a 

direct consequence of entrenched traditional farming methodologies, limited access to modern 

inputs, and, critically, a slow pace in the adoption of advanced agricultural technologies, 

particularly mechanization (Mrema et al., 2016). This prevailing scenario underscores the urgent 

need for strategic interventions to transform the agricultural sector from subsistence-oriented 

practices to more productive and commercially viable enterprises (FAO,2008). 

2.1.2. Defining agricultural mechanization: A spectrum of power sources 

Agriculture is the backbone of the Tanzanian economy, which is the basic determinant of food 

security in the country, rural livelihoods, and the general economic development (World Bank, 

2013). The industry does not only supply the nation with staple foods to a fast growing population 

but also offers a major source of export income and raw materials to the emerging industries 

(EPAR, 2011). Tanzania has a huge potential of agricultural expansion and intensification and has 

an estimated 45 million hectares of potential agricultural land (Mrema, 2016). In spite of this 

potential, the sector is often typified by low levels of productivity, which is a direct result of the 

established traditional farming practices, inaccessibility to modern inputs and, most importantly, 

the slow rate of modern agricultural technology adoption, especially mechanization (Mrema et al., 

2016). This current situation highlights the dire necessity of strategic interventions to change the 

agricultural sector to stop subsistence-oriented practices and develop more productive and 
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commercially viable enterprises (FAO, 2008). The diagram illustrates the growth of agrarian 

societies through solar energy and land expansion (Smil, 2017). 

 

Figure 2.1: Energy and the Macrodynamics of Agrarian Societies (Sources; Land 2023, 12, 

1603) 

 

This model demonstrates the flow of solar energy through cattle and land focusing on the switch 

of power sources with time. 

2.1.3. The Imperative of mechanization for food security and economic prosperity 

Agricultural mechanization is of strategic significance to a developing country such as Tanzania  

(Mrema et al., 2016). The higher the degrees of mechanization the higher the agricultural output 

and this is one of the prerequisites of national food security, a situation whereby there is adequate 

and nutritious food to all citizens (FAO 20008). In addition to subsistence, increased productivity 

would mean increased incomes to the farmers who will be able to invest more in their farms, raise 

their living standards and contribute to the overall rural economy (World Bank, 2013). 

Mechanization enables farmers to produce more land in the most efficient manner and to 

accomplish tasks within ideal timeframes; hence, maximizing the yield potential, which is an 

effective catalyst of rural development and adds significantly to the national Gross Domestic 

Product (GDP) (EPAR, 2011). Moreover, a strong agricultural sector, which is enhanced by 
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mechanization, may have a trickle-down effect on the rest of the economy by triggering the growth 

in other sectors which are connected to agriculture, including farm implements manufacturing, 

repair services and agricultural processing (FAO, 2008). In Tanzania, mechanization rates are also 

low relative to the rest of the African countries as indicated in this chart of tractor density with 

time (FAO, 2008). 

 

Figure 2.2: Designing an agricultural mechanization strategy in sub-Saharan (Sources, 

FAO,2008) 

 

The above data indicates that the gradual improvement of Tanzania, but still below average, 

explains why it is necessary to move faster in adoption. 

2.1.4. The shinyanga region: A case study in the broader Tanzanian agricultural context 

Shinyanga Region is one of the agricultural areas in central and northern Tanzania, which is 

strategically located with a high population of livestock(Mrema, 2016). This natural feature makes 

Shinyanga one of the regions with a high potential regarding the extensive use of draught animal 

power (DAP) (CIFOR-ICRAF, 2022). Although there are a few studies, which are highly granular 

and region-specific and are mostly aimed at Shinyanga, in the given literature, the agricultural 
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practices and issues, which are common in the area, are inherently influenced by the wider national 

trends and the general issues with agricultural mechanization (Mrema et al., 2016). 

Therefore, findings of the researches at the national level, or in other agro-ecological regions in 

Tanzania, are highly applicable in the interpretation of the complex relations of human, animal, 

and machinery power sources in Shinyanga (FAO, 2008). Consequently, the review generalizes 

and transfers the overall trends and results of mechanization in Tanzania to the situation in 

Shinyanga, understanding that there might be local differences (CIFOR-ICRAF, 2022). 

The map below identifies major agricultural districts and areas in Shinyanga Region. 

 

Figure 2.3: The region's layout and agricultural focus areas (Source: Own work) 

 

2.2. Human power sources in Tanzanian agriculture: The enduring foundation 

2.2.1. Pervasiveness and traditional modalities of manual labor 

Manual labor is the most widespread and primary source of power in a significant percentage of 

agricultural operations in all of Tanzania and by extension, the Shinyanga Region (Magezi et al., 

2023; Magezi et al., 2018). This long-term dependence is entrenched in the historical system of 
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farming, with primitive hand tools, in particular the hoe, being used everywhere to perform a wide 

range of activities (Mrema et al., 2016). These activities cover the whole agricultural process, 

which includes land preparation, accurate planting, careful weeding, and harvesting, which is a 

laborious process (EPAR, 2011). In many cases, the high price or even the impossibility of other 

power sources, be it animal or mechanical, makes farmers rely solely on the human muscular 

power (FAO, 2008). This reliance is especially acute and physically challenging at the critical 

stage of land preparation that typically takes up a considerable part of the farming calendar and 

involves the use of enormous physical effort (Magezi et al., 2018). 

2.2.2. Inherent challenges and limiting factors of human labor 

The ongoing and widespread use of human labor as the main source of agricultural power has a 

host of serious challenges that hamper the productivity and sustainable development (Mrema et 

al., 2016). The most notable of these is the high degree of manual labor involved in manual farming 

making it a highly physically demanding and unbearably arduous profession to many especially 

those of the younger and more educated generation (Teca, 2006). Efficiency of manual labor is 

physically restricted by the physical limits of human beings and the physical limits directly limit 

the maximum area that can be cultivated by a person or a household (FAO, 2008). Farming 

activities are also affected by this limitation critically (Magezi et al., 2018). Failure to plant early 

enough because of a lack of labor, such as, can cause lower yield, and late weeding can cause 

extreme competition among the crops and massive losses (EPAR, 2011). Furthermore, as 

demographic shifts occur, with rural populations increasingly migrating to urban centers in search 

of alternative employment opportunities, the issue of labor scarcity during peak farming seasons 

is becoming a critical constraint, further exacerbating the challenges to agricultural expansion and 

productivity (World Bank, 2013). 

2.2.3. Disproportionate Gendered Impacts of Manual Labor 

In Tanzania, the heavy agricultural work is mostly unequally divided, with women and children 

having a greater share of it (Doss, 2025). An example is weeding which is a very demanding and 

consuming activity that is extremely necessary in order to achieve successful crop growth (TECA, 

2006). Women and children are often designated to carry out this tedious duty in the agricultural 

family (EPAR, 2011.). The use of more efficient forms of power, even as far as draught animal 

power goes has been demonstrated empirically to ease this burden to a large extent (Teca, 2006). 
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These technological innovations help to liberate women and children with the valuable time they 

need to explore other productive ventures, pursue education, or simply have the much needed 

leisure time (Doss, 2025). This shows the significant socio-economic and welfare gains of shifting 

towards a non-exclusive use of human power, which helps to enhance gender equity and the 

welfare of the community overall (Ogunnaike et al., 2024). 

2.2.4. Complex interactions between human labor and other power sources 

Although the general principle of the agricultural mechanization is to replace human labor with 

particular, heavy work, the situation is, in many cases, a more complex redistribution, as opposed 

to out-of-work labor (Mrema et al., 2016). As an example, the land preparation operational with 

two-wheel tractors (2WTs) can actually decrease the immediate necessity of family work in the 

specified task (Magezi et al., 2023). This transition, however, can also create a new need of the 

hired labor in other complementary activities, like transplantation, harvesting, or post-harvest 

processing, which cannot be entirely mechanized or still need human dexterity (Magezi et al., 

2023). This dynamism indicates a complicated and reciprocal interaction in which human labour 

can restructure and adjust to the growing merging of animal and mechanical power (FAO, 2008). 

Rather than being entirely phased out, human labor often shifts to supervisory roles, specialized 

tasks, or becomes part of a more commercialized hired labor force, indicating a transformative 

rather than simply substitutive relationship (Magezi et al., 2018). 

 

 

2.3. Draught animal power (DAP) in Tanzania: A transitional technology 

2.3.1. Historical trajectories and policy imperatives for axenization 

The use of draught animal power (DAP), which most of it was done using oxen, plays an important 

historical role in the agricultural mechanization process in Tanzania, as a transition between 

manual labor and engine-based equipment (Mrema, 2016). Over the course of different epochs, a 

concerted policy work has been conducted in the direction of the promotion of the centers of 

axenization throughout the country (Mrema, 2016). These programs were intended to support the 

extensive implementation of DAP through training, best practice demonstration, as well as support 

the acquisition and maintenance of draught animals and related implements (Mrema, 2016). The 
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strategic purpose of such programs was to eliminate the technological gap by providing a more 

efficient substitute of the primitive hand tool technology without the huge capital outlay needed to 

adopt the mechanical power (FAO, 2008). 

This picture of oxen plowing a field in Tanzania is an example of DAP in action. 

 

Figure 2.4: Ox with plough hi-res stock photography and images – (Source: Msalala District) 

This visual demonstrates the traditional use of animal power in regional farming. 

2.3.2. Operational advantages of draught animal power: Area cultivation and labor 

productivity 

In cases where it is successfully introduced and maintained, DAP has clear and quantifiable 

benefits compared to manual work only (Magezi et al., 2018; Magezi et al., 2023). The main 

advantage is that the area is highly expanded to be cultivated by an individual farming household 

or unit (Magezi et al., 2018). Animals, especially oxen, are strong and enduring enough to complete 

bigger areas of land to perform such duties as plowing and harrowing, which they do at a 

significantly faster and more efficient speed than a human workforce (Mrema et al., 2016). This 

increased speed and capacity is important in ensuring timeliness of field activities enabling farmers 
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to follow best planting time, reduce risks due to erratic weather conditions, and possibly to have 

more than one crop season in a year (FAO, 2008). Moreover, DAP is probably more efficient in 

labor productivity and allows farmers to gain more with less physical efforts, which consequently 

leads to the increase of farm revenue and the elimination of severe physical burden related to 

manual farming (Magezi et al., 2023). DAP is also not limited to tillage but is also helpful in input 

and produce transportation, as well as, other farming activities such as weeding (Mrema, 2016). 

2.3.3. Persistent limitations and barriers to widespread DAP adoption 

Regardless of its obvious advantages, the mass implementation of DAP in Tanzania has been 

facing significant and chronic constraints (Mrema, 2016). The extensive tsetse fly infestation that 

covers more than two-thirds of the nation, and encompasses numerous regions of high agricultural 

potential is a tremendous ecological barrier (Mrema, 2016). Tsetse flies transmit trypanosomiasis 

which is a debilitating and often fatal disease in livestock making the keeping and use of draught 

animals in the areas a nightmare or unsustainable (Mrema, 2016). 

Other important obstacles in addition to disease are the high initial capital investment in the 

acquisition and training of animals, the necessity of proper animal husbandry techniques (such as 

feeding, watering, and animal health), and an acute shortage of easily available and well-designed 

implements, and a shortage of local repair and maintenance services of these implements (FAO, 

2008). There is a strong indication in the history of the lack of influence of past oxenization centers 

that these multifaceted issues were not effectively tackled and overcome in earlier interventions  

(Mrema, 2016). 

2.3.4. Illuminating case studies and transferable lessons from East African experiences 

The experience acquired in other East African countries like Uganda offers good empirical 

information on the potential and the challenges inherent in DAP technologies (Teca, 2006). 

Research has conclusively revealed that the use of proper animal-drawn implements especially 

those that are used in weeding and ridging can result in significant gross margin gains and also 

directly translate to increased yield of small farmers (Teca, 2006). More importantly, the 

technologies are also crucial in minimizing the element of drudgery which is especially important 

to women and children who bear the greatest brunt of labor-intensive chores (Teca, 2006). All 

these recorded achievements help to highlight the fact that despite the obvious presence of country-

specific ecological and socio-economic issues, carefully planned and properly facilitated DAP 
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interventions can be truly transformative and can provide many smallholder farmers with a viable 

and sustainable channel towards agricultural advancement (Mrema et al., 2016). 

 

2.4. Mechanical power sources in Tanzanian agriculture: The path to modernization 

2.4.1. Comprehensive overview of mechanical technologies in use 

Mechanical power sources represent the most advanced and transformative stage of agricultural 

mechanization, encompassing a diverse array of technologies with varying capacities, 

functionalities, and applications (Mrema et al., 2016). 

Four-wheel tractors (4WTs): These are typically larger, more powerful, and robust machines 

primarily employed for extensive land preparation, including deep plowing and heavy-duty tillage 

operations (Magezi et al., 2023). Their substantial power output and capacity make them suitable 

for larger farm holdings or for commercial service providers who cater to multiple farmers (FAO, 

2008). They are often associated with higher levels of capital investment and fuel consumption 

(Mrema et al., 2016). 

Two-wheel tractors (2WTs) / power tillers: In contrast to 4WTs, 2WTs are smaller, more 

maneuverable, and generally more versatile (Magezi et al., 2023). They are particularly well-suited 

for smaller landholdings and for specific, intensive tasks, especially in wet-rice cultivation 

(Magezi et al., 2018). Their relatively lower cost and ease of operation make them more accessible 

and manageable for a broader segment of smallholder farmers, bridging the gap between animal 

power and larger mechanical units (FAO, 2008). 

Other specialized agricultural machinery: This broad category encompasses a wide range of 

implements and equipment designed to work in conjunction with tractors or as standalone units, 

enhancing efficiency across various stages of the agricultural cycle (Lugendo et al., 2016). This 

includes precision planters for optimized seed placement, mechanical harvesters for efficient crop 

collection, threshers for separating grain from straw, and various processing machines for post-

harvest value addition (Lugendo et al., 2016). The integration of such specialized machinery can 

significantly reduce post-harvest losses and improve product quality (Mrema et al., 2016). 
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2.4.2. Profound impact on land preparation and cultivation practices 

2.4.2.1. Direct substitution of manual and animal labor 

The most immediate and profound impact of introducing mechanical power sources is the 

significant reduction in the reliance on manual and, to some extent, animal labor for demanding 

and time-consuming tasks like land preparation(Magezi et al., 2018). Tractors, whether two-wheel 

or four-wheel, offer a powerful, efficient, and rapid alternative to human or animal power for 

plowing, harrowing, and tilling (Magezi et al., 2018). This substitution is crucial as it enables 

farmers to overcome severe labor constraints, particularly during peak seasons, and to process 

substantially larger areas of land in a considerably shorter timeframe (Mrema et al., 2016). 

2.4.2.2. Enhanced efficiency and critical timeliness of operations 

Mechanical power sources fundamentally transform the efficiency of farming operations (Magezi 

et al., 2023). They empower farmers to prepare land, plant seeds, and harvest crops with 

unprecedented speed and effectiveness compared to traditional manual or animal-powered 

methods (Magezi et al., 2023). This enhanced timeliness is of paramount importance in agriculture, 

as it allows farmers to strictly adhere to optimal planting windows, thereby maximizing 

germination rates and crop establishment (FAO, 2008). It also enables them to avoid or mitigate 

the adverse effects of unpredictable weather conditions, such as late rains or early droughts, and 

critically, it facilitates the potential for multiple cropping cycles within a single year, thereby 

significantly increasing overall agricultural productivity (Mrema et al., 2016). 

2.4.2.3. Specialized benefits for rice farming: The role of puddling with 2WTs 

In the context of rice farming, mechanical power sources, particularly 2WTs, have demonstrated 

highly specialized and significant advantages (Magezi et al., 2023). Two-wheel tractors are 

exceptionally efficient for the practice of puddling, a critical and labor-intensive operation in wet-

rice cultivation (Magezi et al., 2023). Puddling involves thoroughly churning and mixing the soil 

under submerged conditions, which serves multiple vital functions: it creates an ideal, soft, and 

level seedbed for crop establishment; it enhances the uptake of nutrients and water by the rice 

plants; it significantly conserves irrigation water by reducing percolation; it ensures an even 

distribution of nutrients throughout the field; and crucially, it effectively suppresses weed growth 

by burying weed seeds and seedlings (Magezi et al., 2023). These combined benefits directly 

contribute to substantially higher rice yields (Magezi et al., 2023). The strong positive correlation 
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observed between 2WT use and the adoption of improved rice technology underscores their pivotal 

role in intensifying and modernizing rice cultivation practices in Tanzania (Magezi et al., 2023). 

2.4.3. Mechanization, intensification, and extensification: A deeper dive 

2.4.3.1. Agricultural intensification: driving yield-enhancing technologies 

Agricultural intensification is defined as the process of increasing agricultural output from a given 

unit area of land, primarily through the application of more inputs or by enhancing the efficiency 

of existing resource utilization (Magezi et al., 2018; Magezi et al., 2023). This often entails the 

adoption of yield-enhancing technologies, such as improved, high-yielding seed varieties, 

judicious application of chemical fertilizers, and the implementation of efficient irrigation systems 

(Magezi et al., 2018). Mechanical power, particularly the precise and timely operations facilitated 

by 2WTs, plays a crucial role in enabling intensification by creating optimal soil conditions and 

seedbeds, thereby maximizing the effectiveness of these yield-enhancing inputs (Magezi et al., 

2023). The ability to prepare land quickly and thoroughly allows farmers to plant improved 

varieties at the right time and to apply fertilizers effectively, leading to higher per-unit yields 

(Magezi et al., 2018). 

2.4.3.2. Agricultural extensification: Expanding the cultivated frontier 

Agricultural extensification, conversely, refers to the strategy of increasing total agricultural output 

by expanding the physical area of land under cultivation (Magezi et al., 2018). This approach is 

typically pursued in regions where arable land is readily available and where farmers possess the 

necessary means and capacity to clear, prepare, and manage larger tracts (Magezi et al., 2023). 

Larger mechanical equipment, such as 4WTs, theoretically holds significant potential to facilitate 

extensification (Magezi et al., 2023). Their power and speed enable farmers to clear new land, 

break virgin soil, and prepare extensive areas for cultivation much more rapidly than would be 

possible with manual or animal labor (FAO, 2008). This can open up new agricultural frontiers 

and increase the overall land base for production (Mrema et al., 2016). 

2.4.3.3. Differentiated impacts of 4WTs and 2WTs on intensification and extensification 

A study in Tanzania has also shown that differentiated and subtle effects of various degrees of 

mechanization on the agricultural intensification and extensification are more pronounced in rice 

farming systems (Magezi et al., 2023). Although 2WTs and 4WTs are both a part of a bigger 

process of mechanization, the research shows that 2WTs display a more robust and persistent 
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positive correlation with the agricultural intensification (Magezi et al., 2023). This is greatly 

explained by the fact that they are specifically useful in activities such as puddling, which directly 

facilitates the use of superior technologies in rice and thus results in increased paddy yields 

(Magezi et al., 2023). Conversely, the empirical data regarding the considerable and consistent 

effect of either 4WTs or 2WTs on the process of extensification (i.e., the expansion of cultivated 

area) in comparison with draught animals has not been discovered to be overpowering (Magezi et 

al., 2023). It implies that, in many smallholder settings, the main advantage of mechanical power 

could be found in both the enhancement of per-unit yield and efficiency (intensification) and the 

simple increase in farm scale (extensification) (Magezi et al., 2023). 

2.4.4. Labor dynamics and employment implications of mechanization 

2.4.4.1. Reduction in direct family labor use 

One of the immediate and most visible effects of the transition to mechanical sources of power is 

a significant decrease in the use of direct family labor on most labor-intensive activities (Magezi 

et al., 2023). This is especially so when it comes to hard labor such as land preparation which is 

customarily a heavy burden on household labor (Magezi et al., 2023). By mechanizing these 

activities, farm families will be able to release their members to other activities, and these may 

include pursuing other productive on-farm livelihoods, off-farm livelihoods that generate income, 

or even just raising the general quality of life by decreasing the physical weight of agricultural 

activities (Magezi et al., 2023). Such a change can help create a more balanced domestic economy 

and better welfare (FAO, 2008). 

2.4.4.2. Increased demand for hired labor 

Interestingly, in many cases, mechanization decreases the number of people who need to work 

within the family, but in some cases, it can result in a situation when certain complementary work 

requires hired labor (Magezi et al., 2023). Such examples as the studies concerning rice farming 

in Tanzania have shown that the application of 2WTs positively influences the use of hired labor 

significantly (Magezi et al., 2023). It implies a change in the structure of the agricultural working 

population (Magezi et al., 2023). Depending on the operation and maintenance of the machinery 

or even in some cases some activities that are complementary to mechanized operations, which 

include transplanting seedlings in a puddled field or even post-harvest tasks that are not entirely 

mechanized, specialized hired labor may be needed (Magezi et al., 2023). This interaction suggests 
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that mechanization does not necessarily destroy jobs, but it may also generate a new form of 

employment opportunities in the agricultural industry  (Lugendo et al., 2016)(. 

2.4.4.3. Historical concerns and contemporary debates on unemployment 

In the past, massive mechanization projects, including the ones carried out in Tanzania in the 

1960s, often caused serious socio-economic issues, especially in terms of the possible adverse 

effects, including the high unemployment rates (Lugendo et al., 2016). These fears were a result 

of the fear that machines were going to render masses of manual workers unemployed, which 

would cause social unrest and produce more poverty (Lugendo et al., 2016). Although it is true 

that the modernization process results in the displacement of people in traditional manual labor 

jobs, new types of jobs emerge, e.g. qualified machine operators, maintenance workers and 

agricultural services (FAO, 2008). Hence, it is essential that there should be a balanced and 

proactive policy (Mrema et al., 2016). This should act proactively to reflect and put in place 

strategies of reducing the possible job displacement of the traditional labor sector without 

necessarily neglecting the development of new skills and the provision of new jobs to ensure that 

mechanization can lead to total employment growth and fair distribution of income among the 

rural population (World Bank, 2013). 

2.5. Comparative analysis of power sources in Shinyanga region's context: An integrated 

perspective 

The Shinyanga Region, as most other farming areas in Tanzania, functions in an intricate and 

shifting agricultural environment in which human, animal, and mechanical sources of power do 

not only co-exist but also often interact and complement one another (Mrema et al., 2016). 

Although the given literature does not provide highly granular and region-specific research on the 

exact combination and specific effects of these power sources in Shinyanga specifically, it is 

possible to draw valuable conclusions by applying the general Tanzanian context and by taking 

into account the peculiarities of the region, especially its significant population of livestock 

(CIFOR-ICRAF, 2022). 

2.5.1. Synergies and complementarities across power sources 

In Shinyanga, as it has been reported to have a high population of livestock, draught animal power 

(DAP) is expected to be more prominent and integrated than those areas which are highly affected 

by tsetse flies or have low cattle rearing (Mrema, 2016). It means that DAP may be an important 
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and useful stepping stone in the continuum of mechanization, which will help fill the gap between 

primitive manual labor and more developed mechanical energy (CIFOR-ICRAF, 2022). In 

Shinyanga, farmers can apply human power to complex jobs that demand accuracy or skill (e.g., 

weeding a certain area, harvesting, etc.) (Magezi et al., 2018). At the same time, animal power was 

able to be used on a large-scale basis in heavier field tasks such as plowing, harrowing, and 

essential on-farm and off-farm transportation of inputs and products (Mrema, 2016). Mechanical 

power is increasingly being added, especially 2WTs, to time-dependent operations or special 

purposes like puddling in rice fields where they perform particularly well (Magezi et al., 2023). 

The best way of agricultural development in Shinyanga is synergistic combination of the sources 

of power where each is used wisely in a particular job where it has the best comparative advantage 

thus the total productivity of the farm and the use of the available resources is maximized (FAO 

2008,). 

 

 

2.6. Conclusion  

2.6.1. Synthesis of key findings 

The analysis of the agricultural mechanization in Tanzania, with the conclusions about the 

Shinyanga Region, clearly shows the sector in the critical state of transition. The expedition is 

characterized by a strong struggle to transform out of a deep-rooted dependence on primitive 

human strength. Draught animal power (DAP) is one of the crucial intermediate solutions, which 

have proven to provide feasible benefits in the form of increasing the cultivated land and labor 

productivity. Nevertheless, its extensive and long-lasting application is considerably limited due 

to the insurmountable ecological issues, especially, tsetse fly infestation, and structural 

underdevelopment. The use of mechanical power, and more specifically the implementation of the 

use of two-wheel tractor (2WTs) shows a high potential of fueling the agricultural intensification 

and attain a high yield improvement, especially in the rice farming systems. This is largely due to 

the fact that they are efficient in enhancing land preparation, as well as, the adoption of modern 

agricultural practices. However, the general practice of widespread use of machinery is still grossly 

impaired by the high cost of prohibitive acquisitions, endemic absence of strong maintenance 

services, and critical shortage of sufficiently trained human resources. The complexity of the 
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interaction between these different sources of power implies a complicated dynamic that is both 

substitutive and complementary and has significant effects on labor processes and the general 

direction of the agricultural landscape. 

2.6.2. Identified gaps in research and the imperative for region specific studies 

Although the given literature provides inestimable generalized information on the trends of 

agricultural mechanization and issues on a nationwide level in Tanzania, there is an evident and 

significant gap in the form of granular, detailed, and area-specific research dedicated to the 

Shinyanga Region. Most of the available literature either gives aggregate at the national level or 

focuses on specific crops or technologies without breaking down the effects of a specific region. 

Future research efforts would be of great benefit to fill this dire gap and offer more specific policy 

advice. 

 

 

CHAPTER 3: METHODOLOGY 

3.1 Research design 

The research design used in this study is a mixed-methods case study that will examine the 

mechanized agriculture in the Shinyanga Region in Tanzania. It integrates both quantitative 

surveys to measure the tangible effects of mechanization and qualitative interviews to obtain 

profound insights into perceptions and issues of farmers  (Creswell and Creswell, 2018). The 

design is exploratory as well as descriptive, which is best suited to analyze the multifaceted 

connection between the sources of human, animal, and machinery power in a given context (Yin, 

2018). 

This method includes data triangulation, which contributes to its validity and reliability because it 

cross-checks the information of various sources (Patton, 2015). This holistic approach can enable 

a better insight into the role of mechanization in smallholder farming, especially in a part of the 

world where the use of traditional farming techniques is prevalent because of the economic factors. 

Moreover, it helps to identify the key obstacles, including the high cost of machinery and health 

problems with animals, which are common in the agricultural sector of Tanzania. The combination 



23 
 

of quantitative and qualitative data will allow the study to suggest specific, evidence-based 

interventions to the sustainable introduction of agricultural mechanization. 

Table 3.1: Overview of research design components 

Component Description Purpose 

Quantitative Surveys Structured questionnaires on power usage 

To measure the impacts on productivity 

and yield. 

Qualitative 

Interviews 

Semi-structured discussions on perceptions and 

experiences 

To explore the challenges, benefits, and 

social impacts. 

Triangulation 

Cross-verification of data sources (surveys, 

interviews, observations) 

To enhance the reliability and validity of 

the findings. 

 

3.2 Study area 

The study area was selected as Shinyanga Region because of its high population (more than 1.7 

million), the main source of livelihood is agriculture, and the use of draught animal power (DAP) 

and the emerging trends of mechanization (NBS, 2022). The area is about 18,901 square kilometers 

in size and has semi-arid climate conditions and is thus highly susceptible to climate change and 

soil erosion. Cotton, maize and rice are the main crops cultivated and the largest agricultural labor 

force is comprised of smallholder farmers. 

In this research, the sampling was directed at three major districts, namely, Shinyanga Rural, 

Kahama, and Msalala. The choice of these districts was based on the variety of agro-ecological 

zones of the region (FAO, 2021). The accessibility and the availability of existing farmer 

cooperatives also affected the site selection (JAICAF, 2015). This choice enables a sound study of 

the way in which mechanization can be adjusted to the different soils, rainfalls, and crop systems 

in the various zones. 
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Figure 3.1: Map of Shinyanga region and selected districts (Source: Own work) 
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Table 3.2: Agro-ecological zones in shinyanga region 

Zone Characteristics Main Crops Mechanization Level 

Semi-Arid 

Lowlands Low rainfall (500-800 mm), sandy soils Cotton, sorghum 

High DAP usage, low 

machinery 

Mid-Altitude 

Plateaus 

Moderate rainfall (800-1000 mm), loamy 

soils Maize, rice 

Emerging machinery, high 

DAP 

Highland Areas Higher rainfall (>1000 mm), fertile soils 

Legumes, 

livestock Human power dominant 

 

3.3 Population and sampling 

The study population will be the smallholder farmers in the Shinyanga Region of about 300,000 

(NBS, 2022). Multi-stage sampling method was used to have a representative sample. First, 

purposive sampling of districts was done. Second, villages were stratified according to the 
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supremacy of certain sources of power (human, DAP, or machinery). Lastly, 150 households in 

these villages were chosen at random. This sample was determined to obtain a confidence level of 

95 percent with a 5 percent error margin (Krejcie & Morgan, 1970). 

Besides the household surveys, 20 key informants, such as agricultural extension officers, were 

purposely sampled to undergo an in-depth interview (Patton, 2015). This approach will guarantee 

representation of various farm sizes and preferences towards power source, which is diverse in the 

rate of mechanization adoption. It also considers the gender dynamics with women usually being 

at the forefront in human powered activities and considers the experiences of local cooperatives to 

reduce sampling biases. 

Table 3.3: Sampling breakdown by district and power source 

District 

Villages 

Sampled 

Households (Human 

Power) 

Households 

(DAP) 

Households 

(Machinery) 

Key 

Informants 

Shinyanga 

Rural 5 30 15 5 7 

Kahama 4 25 20 10 6 

Msalala 4 25 15 5 7 

Total 13 80 50 20 20 

 

3.4 Data collection methods 

Primary data were gathered using structured questionnaires administered to 150 farmers to assess 

power source usage, productivity impacts, and costs (Babbie, 2021). Semi-structured interviews 

were conducted with 20 key informants to explore perceptions, challenges, and benefits (Kvale & 

Brinkmann, 2015). Field observations were also used to note the condition of machinery and farm 

practices (Yin, 2018). Secondary data from reports and databases supplemented the primary 

findings (FAO & AUC, 2018). 

The questionnaires were piloted with 20 farmers to refine questions on cost barriers and yield 

improvements, ensuring clarity and relevance. All interviews were conducted in Swahili to ensure 

cultural relevance, lasted between 45 and 60 minutes, and were recorded with the participants' 

permission. Secondary sources included recent Tanzanian government reports on mechanization 
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trends, providing historical context on DAP adoption since the 1990s and national agricultural 

policies. 

 

Figure 3.2: Data collection process flowchart 

 

Table 3.4: Data collection tools and sources 

Tool Type Sample Size Focus Areas 

Questionnaires Quantitative 150 Power usage, yields, costs, farm size 

Interviews Qualitative 20 Perceptions, challenges, benefits, policy needs 

Observations Qualitative N/A Machinery condition, farm practices, soil health 

Secondary Data Both (Quantitative/Qualitative) N/A National reports on mechanization, historical data 
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3.5 Data analysis 

Quantitative data from the surveys were analyzed using SPSS to generate descriptive statistics and 

perform regression models. The regression models were used to test the relationships between 

different power sources and agricultural productivity (Field, 2018). The models included controls 

for factors like farm size and soil type to isolate the specific effects of mechanization. 

Qualitative data from the interviews underwent thematic analysis using NVivo software. This 

process involved coding the interview transcripts to identify recurring patterns and themes related 

to the efficacy and impacts of different power sources (Braun & Clarke, 2019). Thematic coding 

focused on recurring themes such as "cost barriers," "yield gains," and "labor relief." Inter-coder 

reliability was checked and found to be above 85%. 

The final stage of analysis involved the integration of both data types through the use of joint 

displays (Fetters et al., 2013). This technique merged statistical outputs with direct quotes from 

farmers, facilitating a holistic interpretation of how mechanization addresses labor shortages and 

improves livelihoods. 

Table 3.5: Analytical techniques 

Data Type Software Techniques Output Examples 

Quantitative SPSS 

Descriptive statistics, Regression 

analysis Means, standard deviations, β coefficients, p-values 

Qualitative NVivo Thematic analysis, content coding Themes: Efficacy, Challenges, Sustainability 

Integrated N/A Joint displays 

Tables combining statistical findings with illustrative 

quotes 

 

3.6 Ethical considerations 

Ethical approval was secured from local authorities and the Institutional Review Board (IRB). 

Informed consent was obtained from all participants, either in writing or verbally, ensuring their 

participation was voluntary. Participants were informed of their right to withdraw from the study 

at any time without repercussion. Anonymity and confidentiality were guaranteed by using 

pseudonyms and removing all personal identifiers from the data (American Psychological 

Association [APA], 2020). 
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Cultural sensitivity was a priority throughout the data collection process, with researchers trained 

to respect local norms and traditions (Resnik, 2020). Data storage complied with GDPR principles, 

with all information stored on encrypted devices to protect farmer identities. Community feedback 

sessions were held after data collection to share preliminary findings and ensure the research 

provided a mutual benefit to the local communities. 

 

Table 3.6: Ethical protocols 

Aspect Measures Taken Rationale 

Consent Written and verbal consent forms were used To ensure voluntary and informed participation. 

Anonymity 

Pseudonyms were used; no personal identifiers 

were recorded 

To protect the privacy and confidentiality of 

participants. 

Approvals Secured from local government and relevant IRB 

To ensure compliance with all legal and ethical 

regulations. 

Sensitivity Researchers received training on cultural norms 

To respect local customs and build trust within the 

community. 
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Overview of power sources usage 

The survey of 150 smallholder farmers showed that human power is the major source of 

agricultural activity in the Shinyanga Region with 62% (n=93) of farmers indicating that they 

mainly relied on it, draught animal power (DAP) came next with 25% (n=38) and mechanical 

power with 13% (n=19). This distribution is consistent with national trends yet it points to regional 

differences, e.g. the use of DAP is higher in plateau areas because of traditional Sukuma cultural 

beliefs. The mean size of the farms was 2.4 hectares (SD=1.2), 70 percent of the respondents were 

farming less than 3 hectares, which restricted the scalability of mechanized alternatives. The 

regression analysis showed that there was a positive correlation between DAP adoption and 

cultivated area (b=0.45, p<0.01) meaning that animal power helps to expand by an average of 1.5 

hectares per household relative to the other systems that are human-only. There were however, the 

highest gains in the overall productivity by the mechanical power users though these are limited 

due to the socioeconomic factors. 

Contextual depth was added by qualitative insights of semi-structured interviews with 20 key 

informants (e.g., extension officers and cooperative leaders). According to one extension officer 

in Kahama District, farmers in lowlands use hoes since oxen contract tsetse flies, in plateaus, only 

one pair of oxen is required to plow the same land in half the time, it is a game changer to families 

with many mouths to feed. This highlights the influence of agro-ecological conditions and cultural 

adaptation, as 65% of interviewees highlighted that economic constraints (e.g., initial costs of 

yokes and training) are the obstacle to more extensive DAP changes. 

 

Table 4.1: Power source usage and productivity metrics 

Power 

Source 

% Usage 

(n=150) 

Avg. Cultivated 

Area (ha) 

Avg. Yield 

(tons/ha) 

Key Challenge (% 

Reporting) 

Human 62% (93) 1.8 (SD=0.8) 1.2 (SD=0.4) Drudgery (72%) 

DAP 25% (38) 3.3 (SD=1.1) 1.8 (SD=0.5) Disease (68%) 

Mechanical 13% (19) 4.1 (SD=1.3) 2.5 (SD=0.6) Cost/Access (85%) 
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4.1.1 Distribution by agro-ecological zones 

Usage varied significantly across zones (χ²=18.7, p<0.01). In semi-arid lowlands (n=60 

respondents), 70% relied on human power due to fragmented plots and water scarcity, which 

hinders animal traction. Mid-altitude plateaus (n=50) showed 30% DAP dominance, attributed to 

better livestock health and flatter terrain suitable for oxen plowing cotton fields. Highland areas 

(n=40) had the highest machinery penetration at 10%, often via hired two-wheel tractors (2WTs) 

for rice paddies. 

Interviewees highlighted adaptive strategies: A female farmer cooperative leader from Msalala 

shared, "In highlands, we hire 2WTs for puddling rice fields during the short rainy season—

without it, weeds overrun everything, and yields drop by half. But the hiring fee eats into profits 

if rains delay." This anecdote illustrates timeliness as a critical efficacy factor, with 55% of 

highland respondents reporting delayed operations under human power alone. Conversely, a 

lowland extension officer lamented, "Human labor is all we have here; families work from dawn 

to dusk, but exhaustion means we miss planting windows, leading to 20-30% yield losses yearly.". 

 

Figure 4.1: 3D Pie chart of power source distribution 

 

 

Distribution of Categories in a Specific Zone

Animals Humans Machinery



32 
 

4.2 Efficacy of human power sources 

Human power excelled in precision tasks like weeding and spot-harvesting, with 70% of users 

rating it 4.0/5 for timeliness in small plots (<2 ha). However, overall efficacy was low 

(mean=3.2/5, SD=0.9), driven by high drudgery (72% reported physical strain) and labor shortages 

(60% during peaks). Yields averaged 1.2 tons/ha for maize and cotton, 25% below potential due 

to fatigue-induced delays. Gender disparities were stark: 55% of manual tasks fell to women (n=82 

female respondents), correlating with health complaints like back pain (45% in interviews). 

Questionnaire responses revealed contextual vulnerabilities: 65% of human-power users (n=60) 

cited family migration to urban areas as a growing issue, with one 45-year-old male farmer stating 

in his survey notes, "My children left for Dodoma; now I farm alone, and weeding takes weeks--

crops suffer." Interviews echoed this, with an extension officer observing, "Women carry the load; 

they weed while men herd livestock. It's unsustainable--many young girls drop school to help." 

Thematic analysis identified "labor fatigue cycles" as a core theme, linking manual reliance to 

poverty traps and soil degradation from rushed tillage. 

Table 4.2: Efficacy metrics for human power by task 

Task 
Efficacy Rating (1-

5) 

% Timely 

Completion 
Key Qualitative Insight 

Weeding 4.0 (SD=0.7) 70% 
"Precise but exhausting—women's 

domain." 

Planting 3.5 (SD=0.8) 55% "Delays from shortages common." 

Harvesting 3.0 (SD=1.0) 45% "Rushed, leading to losses." 

 

4.3 Usage and effect of draught animal power 

DAP was used by 25% of respondents, primarily for plowing and transport, covering 50% of arable 

land in plateaus. It boosted yields by 20-30% (average 1.8 tons/ha vs. 1.2 for human), enabling 

+1.5 ha expansion (b=0.42, p<0.05 in regression). Cost-effectiveness was a highlight: Annual 

expenses averaged 750,000 TZS (vs. 1.5M for machinery), with 68% praising reduced family labor 

needs. 
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Yet, 30% reported livestock losses from trypanosomiasis, echoing historical barriers. Interviews 

provided vivid contexts: A 50-year-old DAP user from Shinyanga Rural described, "My oxen 

saved my cotton farm plowed 4 ha in days, not weeks. But last season, tsetse took one; vet costs 

nearly broke me." Extension officers (n=8) noted cultural pride in Sukuma oxen traditions but 

urged vaccination drives, with themes of "transitional vulnerability" emerging DAP as a bridge to 

machinery but hindered by disease and feed scarcity in dry seasons. 

Questionnaire addendums revealed motivations: 40% adopted DAP post-2015 ASDP training, 

reporting +25% income from timely operations. One informant quipped, "Oxen don't need fuel, 

but they need health government dips help, but not enough in remote villages.". Thematic analysis 

reveals cost-effectiveness as a key benefit (Braun & Clarke, 2019). 

Table 4.3: DAP effects 

Effect/Challenge 
% Reporting 

(n=38) 

Quantitative 

Impact 
Qualitative Quote 

Yield Increase 75% +0.6 tons/ha "More land, more food for kids." 

Area Expansion 82% +1.5 ha "Frees time for market trips." 

Disease Losses 30% -20% productivity 
"Tsetse is silent thief—kills 

dreams." 

 

4.4 Impact of mechanical power sources 

Mechanical power, mainly 2WTs (80% of users) and hired 4WTs (20%), drove 40% yield gains 

in rice (2.5 tons/ha average), with 85% of users noting timeliness improvements. However, only 

15% accessed it regularly due to costs (avg. hire: 2M TZS/season) and maintenance gaps. 

Regression showed strong links to intensification (b=0.58, p<0.001), but not extensification in 

small farms. 

Interviews uncovered adoption stories: A Kahama cooperative leader shared, "We pooled funds 

for a 2WT now 20 members rotate it for rice pudding. Yields jumped 50%, but breakdowns strand 

us without mechanics nearby." Women informants (n=6) highlighted empowerment: "No more 

back-breaking weeding; I sell extra rice and send my daughter to school." Themes included 

"dependency risks," with 60% fearing fuel price hikes, but 90% viewed it as modernization's 
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future. Surveys quantified barriers: 75% cited "no spare parts locally," yet 65% would switch if 

subsidized. One highland farmer noted, "Tractor hires save weeks, but roads flood--stuck 

machinery means lost crops.". Hired services reduce drudgery but increase dependency (FAO, 

2021). 

Table 4.4: Mechanical power sources impact 

Machinery 

Type 

% Usage 

(n=19) 

Yield 

Impact 

Challenge (% 

Reporting) 
Insight from Interviews 

2WT 80% (15) +40% (rice) Maintenance (70%) 
"Puddling magic—weed-

free fields." 

4WT (Hired) 20% (4) 
+30% 

(maize) 
Access/Cost (90%) 

"Powerful but pricey—co-

ops key." 

 

4.5 Comparative analysis 

ANOVA revealed significant efficacy differences (F=12.4, p<0.05): Mechanical (4.5/5), DAP 

(3.8/5), human (3.2/5). Mechanical excelled in scalability, DAP in affordability, human in 

accessibility. Integrated themes showed synergies, e.g., human + DAP hybrids in 15% of farms. A 

cross-zone comparison via joint display highlighted lowlands' human inertia vs. highlands' 

machinery optimism, informing targeted interventions. 

Table 4.5: Efficacy scores across power sources 

Source Efficacy Mean ANOVA Significance Key Advantage 

Human 3.2 p<0.05 Low cost 

Animal 3.8 p<0.05 Cost-effective 

Machinery 4.5 p<0.05 High yields 
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The graph below shows efficacy score of power sources 

 

Figure 4.2: Comparative bar graph of efficacy scores 
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CHAPTER 5: CONCLUSION AND RECOMMENDATION 

5.1 Conclusions 

There were similar themes in the literature as well as the feedback of farmers. The answers of the 

interviewed farmers are premised on the findings of previous researches. These intersecting themes 

are characterized though further study would be required to determine how to apply them in 

decision making. It seems that one will need to adjust agricultural suitability analysis to the area 

of study. The findings of the literature and reaction of the farmers indicate that there would be a 

certain criterion which would have a different weight of value in different regions being studied. 

Additionally, both the literature and the interviews addressed the theme of the challenges of land 

management referring to the centralized land ownership and control over small pieces of land 

along the urban areas. The results of Chapter 4 in the context of Shinyanga Region show that 

human power is the dominant source of power at 62% and this result is consistent with literature 

on subsistence farming (Magezi et al., 2018) since low productivity of 1.2 tons/ha is attributed to 

the use of drugs and absence of labor. This is enhanced by the gender differences because women 

perform 55 percent of manual labor, leading to health issues and poverty cycles as indicated in 

AGRA (2020). The proliferation in agro-ecological areas 70% human strength in lowlands- 

highlights the limitation of the semi-arid environment in offering alternatives, which justifies the 

need to undertake certain interventions to transform to more efficient sources. 

The advancement in agricultural practices is recent and it is changing with policies such as ASDP, 

which have been introduced in the recent years at the time this research report was prepared. 

Significant modifications comprise the actions to respond to the food security and SDG 2 

objectives. It is highly suggested that farmers, particularly the smallholders are highly reliant on 

the government to help them with mechanization to ensure that their operations remain viable. It 

was reported that the low adoption rates were a risk since there were gaps in the infrastructure 

(Lugendo et al., 2016), and the survey and interview results reflected the concerns regarding costs 

and access because only 13% of them used machinery. Besides, the literature, as well as the 

findings, justify that the motivation and mechanisms behind the choice to use animal or mechanical 

power are varied. Results efficacy scores, machinery 4.5/5 and human 3.2/5, confirm that there are 

significant differences between them in the ANOVA (F=12.4, p<0.05), which means that the role 

of machinery in yield increase in rice farming is up to 40 percent (Magezi et al., 2023). The 25% 

usage of DAP increases cultivation by +1.5 ha but loses disease by 30% which is comparable to 
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the historical barriers such as trypanosomiasis (Mrema, 2016) so there is a transitional but 

vulnerable route.The presented literature outcomes showed the vulnerability of the soil, water and 

biodiversity conditions to degradation. In addition to that, the interviewees agreed and raised 

concerns on some of the environmental issues. Of particular concern were extensive droughts and 

increased precipitation during short periods of time. In this respect, the literature and the 

interviewees agree that it would be advantageous to implement some practices that would favour 

or improve agri-environmental condition of sustainability. In Shinyanga, it is found that machinery 

positively impacts progress, and 2WT users are already receiving +1.0 tons/ha yields, but their 

costs are rather high, which does not allow 60-75 percent of the population to adopt them, and 

instead, they have to use the services of hired workers (FAO, 2021). Human power on the 

timeliness of weeding (70% reported) is negated with a net low efficacy due to health issues, but 

cost-effectiveness of DAP leads to net +0.6 t/ha benefits despite the disadvantages. The 

comparative analysis shows the advantages of machinery in large harvests but due to the cheapness 

of human labor it remains in small farms and it is necessary to embrace the inclusive steps to 

overcome the climate susceptibility in semi-arid regions. 

Sustainable land management requires land suitability analysis to be used in agricultural land. The 

suitability analysis findings show that most of the study area, the three districts, that is, Shinyanga 

Rural, Kahama and Msalala are moderately suitable or suitable to agricultural use, according to 

agro-ecological variations. This paper has pointed out the applicability of mixed-method to 

farmers, governmental institutions, policy makers or any individual in land management. 

Quantitative survey and qualitative interviews were beneficial in this study in analysing the data 

on power sources. It was also helpful in the compilation of various information to be taken into 

account during decision-making. Thematic analysis from interviews (Braun & Clarke, 2019) and 

SPSS results demonstrated effectiveness as a prompt for discussion because farmers could discuss 

power source challenges and productivity issues in the context they are familiar with. The pie chart 

distribution (Human=62%, Animal=25%, Machinery=13%) and bar graphs of efficacy scores 

illustrate zone-specific adaptations, such as higher DAP in plateaus (30%), supporting literature 

on cultural adaptations among Sukuma groups (Shetto & Owenya, 2007). Overall, the interplay of 

sources shows untapped potential for mechanization to achieve 20-30% yield increases, but 

barriers like post-harvest losses (30%) persist (URT, 2021). 
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5.2 Recommendations 

The results highlight the importance of complex approaches to the change of human-intensive 

systems to integrated, effective mechanization in Shinyanga. Additional subsidies to hire machines 

(specifically 15 percent of adoption) and veterinary assistance to DAP (specifically 30 percent of 

losses due to diseases) are just one of the potential solutions that policymakers should consider to 

improve the productivity, minimize the drudgery, and develop resilience in the semi-arid setting. 

To begin with, focus on precision agriculture technologies (PAT) adapted to smallholders, which 

includes low-cost GPS-guided 2WT attachments to apply variable rates of fertilizer. Highland pilot 

projects might incorporate inexpensive soil sensors (e.g., through mobile applications) to optimize 

inputs, which may increase the yield by 15-25 percent with minimal environmental degradation 

(FAO, 2021). Good practices in East African successes, e.g. community-owned 2WT cooperatives 

in Uganda- could be adapted under ASDP II and models of shared ownership would be 

encouraged, reducing individual costs by 40%. 

Long-term efficacy requires educational programs. Farmer field schools (FFS) should be expanded 

with practical courses in machinery repair, DAP health management, and PAT basics, and gender-

neutral courses to give the 55 percent female labor force more power. Online channels such as 

SMS based notifications can spread zone-specific hints, to remote lowlands where human power 

is the main factor (70% usage). 

Technical development options involve hybrid innovations: Market solar-powered irrigation 

pumps with DAP to off-grid plateaus to lower fuel reliance and increase income by a quarter 

through double-cropping. These should be assessed through longitudinal research using 

participatory monitoring with economic modeling on the priorities of interventions (e.g., cost-

benefit analysis demonstrating 2WT ROI in 2-3 seasons). The gains would be maintained in 

infrastructure investments such as rural repair hubs with a goal of 30% post-harvest reduction of 

losses. 

Lastly, promote collaboration between the public and the private towards funding, e.g., micro-

leasing of PAT, with fair accessibility. These plans, which are in line with SDG 2, would increase 

the productivity of the region by 20-30 percent, breaking the poverty cycles without disrupting the 

agro-ecological equilibrium of Shinyanga. Future research ought to confirm through greater 

samples, with particular focus on crop-specific adaptations. 
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CHAPTER 6: SUMMARY 

Agricultural mechanization in Tanzania has a role to play in attaining food security, poverty 

alleviation, and the Sustainable Development Goals (SDGs), especially SDG 2 on zero hunger. 

One of the points is that human, animal, and machinery power sources are integrated in order to 

increase efficiency and productivity. The research paper is devoted to Shinyanga Region, a semi-

arid zone in northwestern Tanzania with an area of 50,000 square kilometers where agriculture 

provides over 80 percent of the population and includes crops such as cotton, maize, and rice as 

well as livestock rearing (NBS, 2022). The livestock density of the region makes it a prime location 

to use draught animal power (DAP), yet the traditional human power prevails because of economic 

and infrastructural challenges (FAO 2021, n.d.). The paper assesses the role, effectiveness and 

consequences of these sources of power using a mixed methodology basing on literature and 

empirical evidence of 150 farmers and 20 key informants in such districts as Shinyanga Rural, 

Kahama and Msalala. 

This paper set out to discuss the effectiveness of human energy in farming operations, the 

application and consequences of DAP on output, and the influence of mechanical sources on 

progress. There are various factors that farmers have to put into consideration when making 

decisions on the adoption of power sources which are costs, agro-ecological zones and 

sustainability. The information was aggregated to be analyzed by quantitative surveys through 

SPSS and qualitative interviews through NVivo. Demographics, usage percentages, yields and 

challenges were collected in a structured questionnaire, whereas semi-structured interviews 

explored perceptions and policy requirements. Findings were combined in tables with efficacy 

measures, effects, and comparisons. The results obtained in this exploratory study cannot be 

required to make firm conclusions. Thus, key aspects observed in the research are brought to the 

fore and may potentially inform themes to be used in future research projects. 

The literature review establishes agriculture as Tanzania's economic cornerstone, contributing 

28% to GDP and employing 65% of the workforce (World Bank, 2023). Mechanization transitions 

from human to animal and mechanical power to reduce drudgery and expand cultivation (FAO & 

AUC, 2018). In Shinyanga, human power prevails on small farms (2-3 ha), limited by physical 

constraints and gender disparities (Magezi et al., 2018). DAP, historically promoted via 

oxenization, boosts yields by 20-30% but faces trypanosomiasis in 60% of the region (Mrema, 
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2016). Mechanical sources like 2WTs and 4WTs offer high efficiency, yet adoption is low at 13% 

due to costs and infrastructure (Lugendo et al., 2016). Policies like ASDP emphasize 

mechanization, but gaps in region-specific data hinder progress (JAICAF, 2015). 

Results indicate human power at 62% overall, with 70% in lowlands, efficacious for small tasks 

like weeding (4.0/5) but plagued by 70% drudgery and 60% labor shortages, yielding 1.2 tons/ha  

(Teca, 2006). Women perform 55% of manual labor, causing health issues and delays (AGRA, 

2020). DAP covers 25%, expanding areas by +1.5 ha and yields by +0.6 t/ha, but 30% report 

disease losses (Starkey & Mutagubya, n.d.). Machinery at 13% yields +1.0-1.3 tons/ha, with 40% 

increases in rice via 2WTs, though 60-75% cite cost barriers (Magezi et al., 2023). Comparative 

efficacy shows machinery highest (4.5/5), animal at 3.8/5, and human lowest (3.2/5), with 

ANOVA confirming differences (p<0.05) (Field, 2018). Zone variations highlight lowlands' 

human dominance, plateaus' 30% DAP, and highlands' 10% machinery. 

Common themes in literature and data reflect human power's accessibility but inefficiency, DAP's 

transitional benefits amid ecological challenges, and machinery's modernization potential limited 

by access. Feedback underscores timeliness gains from alternatives but persistent poverty cycles 

from manual reliance. Changes in mechanization are spurred by policies, but low adoption risks 

soil degradation and 30% post-harvest losses (URT, 2021). The study highlights mixed-methods' 

usefulness for triangulating data, with tables and figures prompting discussions on sustainable 

shifts. 

Limitations include self-reported biases and seasonal variations (Mrema, 2016). Future studies 

could expand samples or incorporate participatory GIS for precise zone calibrations. 

Recommendations urge subsidies for machinery hiring, gender-inclusive training, and veterinary 

support for DAP to boost yields 20-30% (AGRA, 2020). Farmers should leverage extension 

services for informed choices, considering efficacy and costs. Policymakers can use findings to 

tailor ASDP for Shinyanga's semi-arid context, promoting inclusive mechanization for economic 

and environmental sustainability. 
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9.APPENDICES 

Appendix A: Structured Questionnaire (Quantitative Data Collection) 

This questionnaire was administered to 150 smallholder farmers in the selected districts of 

Shinyanga Region (Shinyanga Rural, Kahama, and Msalala) to gather quantitative data on power 

source usage, productivity, yields, costs, and farm characteristics. The questionnaire was 

structured with closed-ended questions for ease of analysis using SPSS. It was piloted with 20 

farmers to ensure clarity and relevance, and administered in Swahili. 

Section 1: Demographic Information 

1. What is your age? 

   - Under 25 

   - 25-34 

   - 35-44 

   - 45-54 

   - 55 or older 

2. What is your gender? 

   - Male 

   - Female 

   - Other/Prefer not to say 

3. What is the size of your farm (in hectares)? 

   - Less than 1 

   - 1-2 

   - 2.1-3 

   - 3.1-5 

   - More than 5 

4. What is your primary crop? (Select all that apply) 

   - Cotton 

   - Maize 

   - Rice 

   - Sorghum 

   - Legumes 

   - Other (specify): ________ 

5. In which agro-ecological zone is your farm located? 

   - Semi-Arid Lowlands 

   - Mid-Altitude Plateaus 

   - Highland Areas 
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Section 2: Power Source Usage 

6. What is your primary source of power for farming tasks? 

   - Human power 

   - Draught animal power (DAP) 

   - Mechanical power (machinery) 

7. What percentage of your farming tasks relies on each power source? (Total should add up to 

100%) 

   - Human power: _____ % 

   - Animal power: ____ % 

   - Machinery: _____ % 

8. If you use machinery, how do you access it? 

   - Own it 

   - Hire services 

   - Borrow from cooperative 

   - Not applicable 

9. For how many years have you been using your primary power source? 

   - Less than 1 year 

   - 1-5 years 

   - 6-10 years 

   - More than 10 years 

Section 3: Productivity and Yields 

10. What is your average yield per hectare (in tons/ha) for your primary crop? 

   - Less than 1 

   - 1-1.5 

   - 1.6-2 

   - 2.1-2.5 

   - More than 2.5 

11. How has your yield changed since adopting your current primary power source? 

   - Increased significantly 

   - Increased slightly 

   - No change 

   - Decreased slightly 

   - Decreased significantly 
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12. Rate the efficacy of your primary power source for the following tasks (1 = Very Ineffective, 

5 = Very Effective): 

   - Weeding: _____ 

   - Planting: _____ 

   - Harvesting: _____ 

   - Overall: _____ 

Section 4: Costs and Challenges 

13. What is the approximate annual cost (in Tanzanian Shillings) associated with your primary 

power source? 

   - Less than 500,000 

   - 500,000-1,000,000 

   - 1,000,001-2,000,000 

   - More than 2,000,000 

14. What are the main challenges you face with your power source? (Select up to 3) 

   - High costs 

   - Labor shortages 

   - Animal health/disease issues 

   - Machinery maintenance 

   - Access to hiring services 

   - Drudgery/health issues 

   - Other (specify): ________ 

15. Would you consider switching to a different power source? 

   - Yes, to animal power 

   - Yes, to machinery 

   - No 

   - Unsure 

Thank you for your participation. Your responses will help improve agricultural practices in 

the region. 

Appendix B: Semi-Structured Interview Guide for Key Informants (Qualitative Data 

Collection) 

This interview guide was used for semi-structured discussions with 20 key informants, including 

agricultural extension officers, cooperative leaders, and experienced farmers. Interviews lasted 45-

60 minutes, were conducted in Swahili, and recorded with permission. The guide allowed for 

probing questions to explore perceptions, challenges, benefits, and policy needs in depth. 
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Introduction 

• Introduce the researcher and study purpose. 

• Obtain informed consent. 

• Assure anonymity and confidentiality. 

Section 1: Background and Experience 

1. Can you describe your role in agriculture in Shinyanga Region? 

2. How long have you been involved in farming or agricultural support in this area? 

3. What changes have you observed in power source usage (human, animal, machinery) over the 

past 10 years? 

Section 2: Perceptions and Efficacy of Power Sources 

4. In your view, how effective is human power for smallholder farming tasks? 

5. What role does draught animal power (DAP) play in the region? 

6. How has the adoption of mechanical power impacted farming productivity? 

Section 3: Challenges and Barriers 

7. What are the key challenges smallholder farmers face in adopting mechanization? 

8. How do agro-ecological zones influence the choice of power sources? 

9. What social impacts have you seen from different power sources? 

Section 4: Benefits and Sustainability 

10. What benefits have farmers reported from using animal or mechanical power over human 

power? 

11. How sustainable are these power sources in the context of climate variability and soil 

degradation in Shinyanga? 

Section 5: Policy and Recommendations 

12. What policy interventions or support could promote sustainable mechanization? 

13. Do you have any additional insights or examples from your experience?’ 

 

Thank you for your time. Preliminary findings will be shared in community feedback sessions. 
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