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CHAPTER ONE: INTRODUCTION
1.1 Background to the study
[bookmark: _Hlk209388845]Agricultural mechanization, the use of machinery to perform farming operations has been a cornerstone of agricultural transformation globally, enabling increased productivity, efficiency, and sustainability (Finger, 2023). In developed countries, widespread adoption of tractors, harvesters, and precision technologies has contributed to significant yield improvements and reduced labour requirements (Jiang et al., 2025). Mechanization not only enhances the timeliness of agricultural operations but also supports climate resilience and food security (Food and Agriculture Organization [FAO], 2022).

Despite these benefits, many developing regions, particularly sub-Saharan Africa, continue to face significant mechanization gaps. The region averages less than 0.3 horsepower per hectare, compared to over 5 horsepower per hectare in high-income countries (FAO, 2022). Barriers such as high machinery costs, fragmented land holdings, limited access to finance, and inadequate repair and maintenance services persist (Mhlanga & Ndhlovu, 2023). Smallholder farmers, who make up most agricultural producers in Africa, are often excluded from mechanization benefits due to affordability and accessibility constraints (Cieslik, 2025).

Recent advances in digital technology are beginning to reshape this landscape. Digital platforms, mobile applications, and data-driven tools are emerging as powerful enablers of inclusive mechanization. These innovations facilitate peer to peer equipment sharing, remote diagnostics, and access to repair tutorials, thereby lowering barriers for smallholders (Mhlanga, 2023). For example, platforms like Hello Tractor in Kenya and Ghana have demonstrated how digital matchmaking between tractor owners and users can significantly improve access to mechanization services (AGRA, 2021).

In Botswana, agriculture remains a vital sector for rural livelihoods, though its contribution to GDP has declined over the decades (Matopotea et al., 2025). The country currently has approximately 4,500 tractors of various conditions and horsepower(Ministry of Agriculture, 2023). More than half of these tractors are poorly maintained and serviced, frequently experiencing problems with hydraulics, power loss, engine oil leakage, front wheel bearings, and electrical systems (Patrick, Tapela, & Baryeh, 2005). These problems are exacerbated by a shortage of skilled technicians and a lack of basic mechanical knowledge among farmers (ITU, 2022).

A review by Mrema and Patrick (1990) highlighted that Botswana’s mechanization efforts have historically been constrained by environmental factors, economic shifts, and demographic changes. More recent studies emphasize the need for innovative, localized solutions that can address these persistent challenges (Acta Scientific, 2023).
Digital platforms tailored to Botswana’s context offer a promising solution. By providing   step-by-step repair guides farmers to self-assist to diagnose and repair the problem they are facing, connecting farmers with nearby service providers to enable.




1.2 Statement of the Problem
Despite the recognized benefits of agricultural mechanization, many farmers in Botswana continue to face persistent challenges in maintaining and repairing their equipment. With approximately 4,500 tractors in the country, more than half are reported to be poorly maintained and frequently experience breakdowns related to hydraulics, power loss, oil leakage, and electrical systems (Patrick, Tapela, & Baryeh, 2005). The scarcity of skilled mechanics, excessive cost of outsourced services, and lack of basic diagnostic and repair skills among farmers often result in prolonged equipment downtime, reduced productivity, and increased operational costs (ITU, 2022). These challenges are compounded by limited digital literacy and slow adoption of innovative technologies in rural areas (Mhlanga & Ndhlovu, 2023). There is a critical need for an effective digital solution that empowers farmers with practical self-help tools, step-by-step repair instructions, and direct access to professional mechanical services.

1.3 Justification
Developing a digital platform specifically for Botswana’s agricultural sector is justified by its potential to effectively address the core challenges faced by farmers. By providing step-by-step repair guides and diagnostic tools, the platform directly addresses the issue of equipment downtime and empowers farmers to resolve common mechanical problems independently. The integration of a pin locator feature will further enhance the solution’s effectiveness by enabling farmers to quickly identify and connect with nearby professional mechanics for in-person support when needed.
Furthermore, promoting digital literacy with such a platform is essential for sustainable agricultural development. Digital literacy equips farmers with the skills to utilize modern technologies, which not only improves their ability to maintain equipment but also supports the achievement of Sustainable Development Goals (SDGs) such as SDG 2 (Zero Hunger), SDG 9 (Industry, Innovation and Infrastructure), and SDG 12 (Responsible Consumption and Production) (UNDP Botswana, 2024). This approach also aligns with Botswana’s Vision 2036, which emphasizes technological innovation, human capital development, and sustainable economic growth (Vision 2036 Council, 2025).

1.4  Objectives
 To design and develop a digital application using Dart and Flutter that assists farmers to self-diagnose and fix common mechanical issues in agricultural equipment.
Specific objectives
1. To provide step-by-step repair instructions and maintenance guides for frequently      encountered problems in tractors and other implements.
2. To enable geolocation-based access to professional mechanical service providers through a pin locator feature, facilitating in-person support when needed.
3. To evaluate the platform’s usability, efficiency, and impact on farmers’ productivity and satisfaction.



CHAPTER TWO: LITERATURE REVIEW
Agricultural mechanization has long been recognized as a key driver of productivity and rural development, particularly in sub-Saharan Africa where smallholder farmers face labour shortages and low yields. According to Mrema, Baker, and Kahan (2008), mechanization improves efficiency and reduces drudgery, but its success depends on access to timely maintenance and repair services. The Food and Agriculture Organization (FAO, 2021) emphasizes that without proper support systems, machinery often becomes underutilized or abandoned. As digital technologies become more accessible, mobile, and cross-platform applications are increasingly used to deliver agricultural services, including market access, weather forecasting, and financial tools (Aker, 2011). However, few applications focus on machinery diagnostics and repair a gap this research aims to address by developing a Dart and Flutter-based application tailored to Botswana’s farming context.

A relevant example of digital interventions in mechanization is the Hello Tractor platform launched in Nigeria to address the problem of limited access to tractors among smallholder farmers. The initiative identified that high equipment costs and poor coordination between tractor owners and farmers led to underutilization and reduced productivity (Harvard Ministerial Leadership Program, 2023). It aimed to connect farmers with tractor owners through a digital booking system, using GPS and telematics to track usage. The platform’s methodology involved deploying a mobile and web-based application, training youth as booking agents, and partnering with manufacturers like John Deere to equip tractors with smart devices (Hello Tractor, 2023). Result s from the GSMA Innovation Fund showed that Hello Tractor enhances planning and preparedness, reduced labour time, and increased yields (GSMA, 2025). Additionally, its financing model based on asset use rather than credit history enabled previously unbanked farmers to access loans, demonstrating the potential of digital platforms to drive financial inclusion (Guardian Nigeria, 2025). Despite its success, Hello Tractor does not offer diagnostic or repair support, which limits its ability to support farmers when equipment breaks down.

Another relevant case study is TroTro Tractor, a Ghanaian platform developed to solve inefficiencies in the traditional tractor rental system. The problem statement focused on fragmented demand and poor scheduling, which left farmers without equipment during peak seasons (AGRA, 2021). The platform’s objective was to aggregate service requests and maximize tractor uptime through digital coordination. TroTro’s methodology involved using booking agents to group farmers’ requests and deploying a system that connected farmers, tractor owners, and operators. Findings from the initiative showed that coordinated bookings reduced idle time and improved service delivery (Open Road Impact, 2023). The platform also supported tractor ownership by offering maintenance incentives and training programs, helping to build a more reliable service ecosystem. Wolfert, Ge, Verdouw, and Bogaardt (2017) argue that smart farming must integrate operational and maintenance data to be effective, and TroTro’s success in coordination and ecosystem building supports this view. However, like Hello Tractor, TroTro does not provide tools for diagnosing or repairing machinery faults reinforcing the need for applications that support technical services.
Apart from service coordination platforms, numerous studies have examined mobile applications that provide agronomic information. Saikanth et al. (2023) reviewed apps like Pusa Krishi and Kisan Suvidha, which were developed to solve the problem of limited access to weather data, market prices, and crop guidance. Their aim was to evaluate how these apps improve decision-making among farmers. The methodology involved comparative analysis of app features and user feedback. The results that showed that these apps enhanced planning and productivity, but none offered support for machinery maintenance. Similarly, Awari (2025) found that although mobile apps facilitated knowledge exchange and crop management, they lacked features for mechanical support. Kumari (2022) emphasized that rural farmers face digital literacy barriers and often lack resources for diagnosing equipment issues. These challenges were also pointed out by Qiang, Kuek, Dymond, and Esselaar (2012), who argue that digital agriculture must evolve to include interactive, platforms that offer localized problem-solving capabilities.

In summary, the reviewed case studies demonstrate the transformative potential of digital platforms in agriculture. Hello Tractor and TroTro Tractor have successfully expanded access to mechanization and improved service coordination, while agronomic apps have enhanced information delivery. However, none of these tools address the critical need for machinery diagnostics and repair support. As Sims and Kienzle (2016) note, sustainable mechanization requires not only access to equipment but also reliable maintenance services. Mendes et al. (2020) and Morais et al. (2020) argue that precision agriculture must be localized and adaptable to rural contexts. The proposed application, built with Dart and Flutter, responds to this gap by offering a cross-platform solution that empowers farmers to identify faults and access guided repair assistance contributing to more resilient and productive farming systems in Botswana.

CHAPTER THREE: MATERIALS AND METHODS
3.1 Experimental Site
In this study, Mookane village is selected for data collection to represent agriculture community. The village is in the central district of Botswana located 150 km north-east of Gaborone at geographical coordinates of -23°41′8.99″S latitude  and 26°39′24.5″E longitude. The design and development as well as testing of the application will be implemented at the Botswana University of Agriculture and Natural Resources (BUAN) using the data collected from Mookane villages.








3.2 Experimental Design
3.21 Requirement analysis
Information will be gathered by visiting the field to Mookane to conduct an interview guided by a questionnaire; to identify number of farms in Mookane, common mechanical problems faced by farmers and document excising repair services or infrastructure and capture the user needs that will drive application feature. Participants are farmers and local mechanics and service providers who repair agricultural machinery.
Data collection mechanism
· Development of a Questionnaire 
A paper questionnaire will be developed and administered to farmers and mechanics by guiding them, clarify questions and record quantitative data. It will capture counts of number of farms, service location, frequencies, repair history, and distances.

· GPS / Location Recording
Coordinates of farms and service points will be recorded using Google Maps. 
3.22 System modelling and design
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Role and description
· Farmers- request mechanical support at the services
· Location- filters mechanics to the farmers by feeding information to services and receives input from the mechanic. 
· Services- it is where farmers submit their request and is connected mechanics location to use the data to match and assign mechanic based on the service needs. Services generate solution based on request. Services can be repairing guides, mechanic booking, and consultations.
· Mechanics – provide solutions, linked to location to find jobs and services to receive task
· Solutions – output if service delivery and it is delivered to farmers

3.23 Application Development
During development, the application will be built with Dart programming language and flutter framework. For map integration, Google Maps API will be integrated to enable pin locator and geolocation-based mechanic search.
3.24 Testing and evaluation 
The application will be tested at BUAN for usability, functionality, and performance.
3.3 Data collection and analysis
Data collection involves data from questionnaire, user evaluation data, user evaluation data and system performance data quantitative data will be processed using descriptive statistics (mean, mode, percentage, variance, standard deviations) in excel to summarise responses and qualitative data using thematic analysis to identify reoccurring feedback themes (Braun & Clarke,2006)
Materials 
Computer
Questionnaire 
Phone 
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