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ABSTRACT

Effective agroforestry management is essential for optimizing land use, enhancing biodiversity,
and improving agricultural productivity. Traditional management methods often lack the
integration of real-time data and advanced analytics, which can limit their effectiveness. To
address these limitations, my project focuses on the development and implementation of an
Agroforestry Management System designed to enhance decision-making and operational
efficiency. The primary objective of this research is to create a comprehensive, user-friendly
platform that integrates real-time data collection, advanced analytics and intuitive management
tools to support sustainable agroforestry practices.

Utilizing an agile research methodology, my approach involves iterative development and
continuous stakeholder feedback to refine the system's features and functionality. Data collection
techniques, including field observations and user surveys, provide valuable insights into the needs
and challenges faced by agroforestry practitioners.

Preliminary results indicate that the Agroforestry Management System significantly improves the
management of agroforestry practices, with users reporting enhanced decision-making capabilities
and increased operational efficiency. This research aims to contribute to the advancement of
agroforestry management by providing a modern, data-driven solution that supports sustainable
land use and environmental stewardship.

In conclusion, the findings from this study will offer valuable insights for stakeholders seeking to
implement or improve agroforestry management practices, ultimately fostering more sustainable
and productive agroforestry systems.
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Chapter One

1.0 Introduction

Chapter One of this project presents the background information to the study, highlighting the
problem statement, objectives, scope and significance of the study.

1.1 Background to the Study

Mount Elgon, located on the border between Uganda and Kenya, is a vital ecological and
agricultural region known for its rich biodiversity and diverse agroforestry practices. This region
supports a variety of crops and tree species, providing significant economic and environmental
benefits to the local communities. However, managing agroforestry systems in Mount Elgon
presents unique challenges due to the complexity of integrating traditional farming practices with
modern environmental and economic demands.

Historically, agroforestry in Mount Elgon has been characterized by subsistence farming and
traditional land management techniques. While these practices have sustained local communities
for generations, they often lack the systematic approach needed to address contemporary
challenges such as soil degradation, climate change and resource management. As a result, there
is a growing need for a more structured and technologically advanced approach to agroforestry
management.

An Agroforestry Management System (AMS) offers a solution to these challenges by providing
a comprehensive platform for monitoring and managing agroforestry practices. This system
integrates real-time data collection, advanced analytics and user-friendly interfaces to support
decision-making and optimize land use. It encompasses both manual and automated
functionalities, facilitating tasks such as planning, resource allocation and performance
monitoring. By incorporating modern technology, the AMS aims to enhance the efficiency and
sustainability of agroforestry practices in the Mount Elgon region.

The development and implementation of an AMS for Mount Elgon would address critical needs,
including improved management of land resources, better tracking of crop performance and
enhanced integration of environmental conservation practices. This system would enable local
farmers and stakeholders to make informed decisions, optimize their agricultural outputs and
contribute to the overall sustainability of the region.

In conclusion, the Agroforestry Management System is poised to play a crucial role in
transforming agroforestry practices in Mount Elgon. By leveraging advanced technologies and
data-driven insights, the AMS aims to improve the management of agroforestry resources,
support sustainable land use and ultimately enhance the livelihoods of communities in the region.



1.2 Problem Statement

Currently, the Mount Elgon region lacks an efficient Agroforestry Management System that
enables stakeholders to manage and monitor agroforestry practices effectively. This deficiency
leads to poor coordination, inadequate resource management and suboptimal agricultural
productivity. Therefore, there is a need for a comprehensive Agroforestry Management System
to address these challenges and promote sustainable agroforestry practices in Mount Elgon.

The Mount Elgon Agroforestry Project exemplifies efforts to integrate sustainable agroforestry
practices in a fragile ecosystem, yet faces significant challenges. High rates of soil erosion and
degradation threaten agricultural productivity and ecosystem health, exacerbated by historical
deforestation and intensive farming practices. Despite initiatives to promote agroforestry,
adoption among local farmers varies due to knowledge gaps, perceived economic risks and
cultural preferences. Moreover, rural communities surrounding Mount Elgon experience
socioeconomic vulnerabilities, including poverty and food insecurity, further complicated by
dependence on fragile livelihoods. Effective implementation of agroforestry management
systems requires robust policy support and institutional capacity to overcome these barriers and
ensure sustainable development outcomes. Addressing these challenges is crucial for enhancing
the resilience of Mount Elgon's ecosystem, improving local livelihoods and serving as a model
for similar agroforestry initiatives worldwide.

1.3 Objectives
1.3.1 Main Objective

To develop an Agroforestry Management System that enables effective management and
monitoring of agroforestry practices in the Mount Elgon region.

1.3.2 Specific Objectives

1. To study the current agroforestry management practices in Mount Elgon to identify system
requirements.

i1. To design an Agroforestry Management System for the Mount Elgon region using the
identified requirements.

1ii. To implement the designed Agroforestry Management System using various programming
languages and technologies such as PHP, MySQL, and JavaScript.

iv. To test and validate the Agroforestry Management System to ensure it meets user
requirements and operates without errors.



1.4 Scope

The Agroforestry Management System will be designed and developed for use in the Mount
Elgon region, focusing on the management and monitoring of agroforestry practices. The system
will interact with existing agricultural management systems and provide tools for data collection,
analysis and reporting. While the primary focus is on Mount Elgon, the system could be adapted
for use in other regions with similar agroforestry needs.

1.5 Significance

The current agroforestry management practices in Mount Elgon are primarily manual, resulting
in inefficiencies and suboptimal outcomes. The Agroforestry Management System offers several
advantages:

ii.

iii.

1v.

It enables stakeholders to manage and monitor agroforestry practices more
effectively, promoting sustainable land use.

The system provides tools for data collection, analysis and reporting, enhancing
decision-making processes.

It reduces the need for manual data entry and management, saving time and
resources.

The system generates detailed reports and analytics, facilitating better resource
management and planning.

By improving agroforestry management, the system contributes to increased
agricultural.



Chapter Two

Literature Review
2.0 Introduction

Chapter One presented the background information to the study highlighting the objectives,
scope and significance to the study. This chapter is about the literature review of the
Agroforestry management systems. It specifies what an Agroforestry management system is,
what it needs and how it works for its enhancement.

2.1 Agroforestry Management System

According to Nair and Garrity (2012), an Agroforestry Management System (AMS) is an
integrated system that manages agricultural and forestry practices in a sustainable manner. It
combines trees, crops, and livestock on the same plot of land, optimizing land use and promoting
biodiversity. The system supports adequate management reporting, policy decisions, fiduciary
responsibilities and preparation of auditable environmental and economic performance
statements.

2.2 Types of Agroforestry Management Systems.

2.2.1 Silvopastoral Systems

According to Sharrow and Ismail (2004), silvopastoral systems integrate forestry and grazing of
domesticated animals in a mutually beneficial way. Trees provide shade and shelter for livestock,
improve soil fertility and offer additional fodder. This system supports the management of
livestock health and productivity while maintaining forest cover and enhancing biodiversity.

2.2.2 Agrosilvicultural Systems

Nair (1993) defines agrosilvicultural systems as the combination of crops and trees. This system
aims to improve crop yields through the benefits provided by trees, such as windbreaks, soil
fertility enhancement and water conservation. It also supports management practices that balance
agricultural production with forest conservation.

2.2.3 Agrosilvopastoral Systems

Agrosilvopastoral systems, as described by Sinclair (1999), integrate trees, crops, and livestock.
This comprehensive approach maximizes land use efficiency, diversifies farm income and
promotes ecological stability. The management system includes tracking and optimizing the
interactions among these components to ensure sustainable production and environmental health.

2.3 Agroforestry Information Systems

According to Garity (2008), an Agroforestry Information System (AFIS) is a specialized type of
management information system designed to collect, process, and analyze data from agroforestry
operations. AFIS supports decision-making by providing timely and accurate information on tree
growth, crop yields, soil health, and economic performance.



2.3.1 Silvicultural Information Systems

Silvicultural Information Systems focus on the management of forest resources within
agroforestry systems. They track data related to tree species, growth rates, and forest health. This
information is crucial for making informed decisions on tree planting, harvesting and
conservation practices.

2.3.2 Agricultural Information Systems

Agricultural Information Systems within agroforestry contexts manage data related to crop
production, soil management, and pest control. These systems help optimize crop yields and
ensure sustainable farming practices by integrating agricultural data with forestry management.

2.4 Environmental and Economic Accounting in Agroforestry
According to Alavalapati and Mercer (2004 ), accounting in agroforestry involves systematic
recording, reporting, and analysis of environmental and economic transactions. This dual
approach provides a comprehensive view of the agroforestry system's performance, aiding in
sound decision-making and sustainability assessments.

2.4.1 Environmental Accounting Systems

Environmental accounting systems track the ecological impact of agroforestry practices. They
measure indicators such as carbon sequestration, biodiversity enhancement and soil conservation.
These systems help quantify the environmental benefits of agroforestry, supporting policy
decisions and sustainability reporting.

2.4.2 Economic Accounting Systems

Economic accounting systems in agroforestry focus on the financial performance of agroforestry
operations. They analyze costs, revenues and profitability of integrated farming systems,
providing insights into the economic viability and efficiency of agroforestry practices.

2.5 Management Tools in Agroforestry Systems

Management tools are essential for effective agroforestry practices. These tools include software
applications, decision support systems and monitoring frameworks designed to enhance the
planning, implementation and evaluation of agroforestry systems.

2.5.1 Decision Support Systems (DSS)

According to Reynolds and Walker (2008), Decision Support Systems in agroforestry assist in
making informed choices regarding land use, species selection and resource allocation. These
systems integrate various data sources to provide recommendations and scenarios for optimal

agroforestry management.

2.5.2 Geographic Information Systems (GIS)

Geographic Information Systems are used to map and analyze spatial data in agroforestry. They
support the visualization of land use patterns, soil types and vegetation cover, aiding in the
planning and monitoring of agroforestry practices.



2.6 Related Systems
2.6.1 Sustainable Land Management Systems (SLMS)

According to Scherr (1999), SLMS integrates various land-use practices to maintain and enhance
the productivity of land while conserving its resources. It includes soil conservation, water
management and biodiversity conservation techniques.

2.6.1.1 How the SLMS works

These systems aim to balance economic, environmental, and social factors, ensuring that land
remains productive over the long term while safeguarding natural resources and biodiversity. By
adopting these practices, farmers and land managers contribute to sustainable development goals,
resilience to climate change and improved food security. The following are the different sub
modules supports and manages the following functions

e Land Use Planning and Zoning: This module focuses on strategic planning and zoning
of land to ensure that different land uses (agriculture, forestry, urban development,
conservation areas) are appropriately located to minimize conflicts and maximize
sustainability.

¢ Soil Management: Soil management modules aim to maintain or improve soil health and
fertility through practices such as conservation tillage, cover cropping, organic
amendments and erosion control measures.

e Water Management: Efficient water management modules include techniques like
rainwater harvesting, irrigation scheduling, water-efficient crop varieties and the
maintenance of natural hydrological cycles.

e Integrated Pest Management (IPM): IPM modules promote the use of biological,
cultural and mechanical methods to control pests and diseases in crops and landscapes,
minimizing the need for chemical pesticides that can harm the environment and human
health.

e Community Engagement and Capacity Building: Effective SLM requires the
participation of local communities and stakeholders. Modules focused on community
engagement include awareness campaigns, training programs

e Monitoring, Evaluation and Adaptation: These modules involve the establishment of
monitoring systems to assess the effectiveness of SLM interventions over time

2.6.1.2 The benefits in SLMS

e Environmental: Prevents erosion, improves water use efficiency and supports habitat
preservation

e Economic: Enhances crop yields and livestock productivity, it reduces input costs and
opens up markets for produced goods

e Social: Provides stable incomes, promotes nutritious food production and enhances food
security.

e Policy and Governance: Efficient use of natural resources and land management and
empowers local communities in decision-making and governance.



e Long-Term Viability: Ensures sustainable use of land resources for future and promotes
responsible land use.

2.6.1.3 The Challenges in SLMS

¢ Financial Constraints: Limited access to affordable credit and financial resources to
support adoption of sustainable practices.

¢ Policy and Institutional Challenges: Weak institutional capacity for implementing and
enforcing sustainable land management policies and practices.

e Technical Challenges: Farmers may lack of skills training and integrating various
practices (e.g., crop rotation, agroforestry) into existing farming systems can be
challenging.

Conclusion

Sustainable Land Management Systems are crucial for balancing agricultural productivity with
environmental conservation. They promote soil health, biodiversity and water resources while
mitigating climate change impacts. Implementing these systems requires interdisciplinary
approaches and community engagement. Ultimately, adopting sustainable practices ensures long-
term resilience and productivity of land resources.

2.6.2 Integrated Pest Management (IPM) Systems
According to Altieri (1995), IPM in agroforestry involves using a combination of biological,
physical and chemical methods to control pests in an environmentally sustainable way. It reduces

reliance on chemical pesticides and enhances biodiversity.

2.6.2.1.1How IPS works

Integrated Pest Management (IPM) is a systematic approach to managing pests that integrates
multiple control methods to achieve effective and sustainable pest control while minimizing
environmental, economic, and health risks. The key components or modules of IPM typically
include:

v Monitoring and Identification: The first step in I[PM is to monitor and accurately
identify pest populations. This involves regular scouting of fields, gardens, or structures
to detect pests early and assess their numbers and potential damage.

v Preventive Measures: IPM emphasizes the importance of preventing pest problems
before they occur. This includes implementing cultural practices that create unfavorable
conditions for pests or promote plant health. Examples include crop rotation.

v" Biological Control: Biological control involves using natural enemies of pests to reduce
their populations. Biological control agents are often released into the environment or
encouraged through habitat management practices.



Mechanical and Physical Controls: Mechanical and physical controls involve using
barriers, traps, or physical removal methods to manage pests. Examples include using
row covers to exclude insects, installing netting to protect plants

Chemical Control: Chemical control, typically pesticides, is used judiciously and as a
last resort in IPM. Pesticides are selected based on their effectiveness against the target
pest, their impact on non-target organisms and the environment

Cultural Controls: Cultural controls involve practices that manipulate the environment
to reduce pest populations or enhance natural pest suppression. This includes practices
like crop rotation, intercropping, adjusting planting dates, maintaining proper plant
spacing.

Integration and Implementation: The success of IPM relies on integrating multiple
control methods into pest management strategy to specific crops, landscapes, or
structures. Implementation involves careful planning, regular monitoring and respond to
changing pest pressures and environmental conditions.

2.6.2.2 Benefits of Integrated Pest Management (IPM)

v

v

Pesticide Use: IPM emphasizes the use of multiple pest control strategies, reducing the
reliance on chemical pesticides.

Environmental Conservation: By using a combination of biological, cultural, and
mechanical controls, IPM helps preserve nature.

Improved Crop Quality and Yield: Effective pest management through IPM helps
maintain crop health and productivity by reducing pest damage.

Cost Savings: IPM can reduce costs associated with pesticide applications and crop
losses. Farmers can achieve savings in pesticide purchases, application equipment, and
labor.

Human and Animal Health Benefits: Minimizing pesticide through IPM practices
reduces health risks to farmers.

2.6.2.3 Challenges of Integrated Pest Management (IPM)

v

v

Monitoring and Decision Making: Effective pest monitoring and decision-making in
IPM can be complex and time-consuming. It requires regular scouting, data interpretation
Initial Costs and Investment: Small-scale farmers or those with limited resources may
face financial barriers.

Resistance Management: Even with reduced pesticide use, IPM strategies must manage
the risk of pest resistance to biological control agents or chemical treatments

Risk of Inconsistent Results: The effectiveness of IPM can vary depending on factors
such as weather conditions, pest pressure, and the availability of natural enemies.
Integration Challenges: integrating diverse IPM strategies across different crops,
landscapes, or geographic regions can be challenging and addressing local pest dynamics
requires careful planning and collaboration.

Lack of knowledge: The pest management professionals may require training and
ongoing education.



Conclusion,

In conclusion, IPM represents a proactive and adaptive strategy for sustainable agriculture that
balances economic viability with environmental and social responsibility. It is essential for
meeting global food security challenges while promoting the long-term health and resilience of
agricultural ecosystems

2.6.3 Precision Agriculture Systems

According to Pierce and Nowak (1999), precision agriculture systems use technology like GPS
and remote sensing to manage crop production efficiently. These systems can be adapted for
agroforestry to monitor tree growth, crop health, and soil conditions.

2.6.3.1 How (PAS) works

Precision Agriculture Systems (PAS) utilize data from soil and crop sensors, alongside weather
information, to analyze field conditions. This data is processed using GIS and algorithms to
generate precise recommendations for input applications (fertilizers, pesticides, water).
Automated machinery equipped with GPS adjusts operations in real-time, optimizing resource
use and enhancing crop yield and quality. Continuous monitoring and feedback loops ensure
adaptive management practices for improved efficiency and sustainability in farming. Precision
Agriculture Systems (PAS) operate through a combination of various modules and technologies
that work together to optimize farming practices. These modules typically include:

o Sensing and Monitoring: These sensors measure key soil parameters such as moisture
content, temperature, pH levels, and nutrient levels. This data helps farmers understand
soil health and make informed decisions about irrigation and fertilizer application.

o Mapping and GIS (Geographic Information System): The systems are used to create
detailed maps of fields, integrating data from soil sensors, crop sensors, and weather
stations. These maps visualize spatial variability in soil properties, crop health, and
environmental conditions, enabling farmers to make site-specific management decisions.

o Decision Support Systems (DSS): Data Analytics: Algorithms process and analyze data
collected from sensors and GIS, identifying patterns, correlations, and anomalies. This
analysis provides actionable insights and recommendations for optimizing input
application (e.g., fertilizers, pesticides, water) and crop management practices.

o Automation and Control: Automated irrigation systems use soil moisture sensors,
weather data, and VRT to deliver precise amounts of water to crops. This optimizes water
use efficiency, promotes uniform crop growth, and reduces water wastage.

o Data Management and Integration: Centralized platforms or apps allow farmers to
access, manage, and analyze data collected by PAS modules. These tools facilitate
decision-making by providing comprehensive insights, historical data analysis, and
integration with other farm management tools and services.

o Monitoring and Feedback: Continuous monitoring of field conditions, crop health, and
environmental factors enables farmers to detect issues such as pest outbreaks or irrigation
problems promptly.



2.6.3.2 Benefits of Precision Agriculture Systems (PAS)

(@]

Increased Efficiency: PAS optimize resource use (water, fertilizers, pesticides) by
applying them precisely where and when needed, reducing waste and lowering
production costs.

Improved Yield and Quality: By monitoring and managing variability within fields,
PAS help maximize crop yields and enhance crop quality through targeted interventions.
Environmental Sustainability: Precision application reduces environmental impact by
minimizing chemical runoff into water bodies, conserving resources like water and
energy, and promoting soil health.

Data-Driven Decision Making: PAS provide farmers with accurate, real-time data and
analytics, enabling informed decision-making for better crop management, pest control,
and overall farm operations.

Operational Efficiency: Automation and integration of technologies streamline farm
operations, reducing labor requirements and operational complexities.

2.6.3.3 Challenges of Precision Agriculture Systems (PAS)

o

High Initial Investment: Implementing PAS requires significant investment in
technology, equipment, and training, which can be a barrier for smaller farms or those
with limited financial resources.

Data Management and Integration: Managing large volumes of data from multiple
sources (sensors, satellites, drones) can be complex and requires robust data management
systems and infrastructure.

Technical Expertise: Effective use of PAS requires technical expertise in data analytics,
GIS, and technology integration, which may pose a challenge for some farmers or require
additional training.

Accessibility and Connectivity: Reliable internet connectivity and access to technology
infrastructure (such as GPS coverage) are essential for the successful implementation and
operation of PAS, which may be lacking in rural or remote areas.

Adoption and Adaptation: Adoption of PAS may face resistance due to skepticism,
traditional farming practices, or reluctance to change among farmers.

Conclusion:

Precision Agriculture Systems represent a promising approach to modernizing agriculture,
offering significant benefits in terms of efficiency, productivity, and sustainability. While there
are challenges such as initial costs, data management complexities, and technical requirements,
ongoing advancements in technology and increasing awareness of the benefits are likely to drive
greater adoption and adaptation of PAS

2.6.4 Integrated Farm Management Systems (IFMS)
According to Sumberg (2005), Integrated Farm Management Systems manage various farm
activities holistically. They incorporate crop and livestock management, soil conservation, and



environmental monitoring. IFMS support sustainable agriculture by integrating best practices
from multiple disciplines.

2.6.4.1 How (IFMS) works

Integrated Farm Management Systems (IFMS) work by integrating data from various sensors and devices
across the farm, such as soil and crop sensors, weather stations, and satellite imagery. This data is
collected and managed through centralized farm management software, enabling real-time monitoring and
analysis of field conditions and crop health. Decision support systems use advanced analytics and Al
algorithms to generate insights and recommendations for precise input application (fertilizers, pesticides),
irrigation scheduling, and crop management practices. The following are the modules in IFMS.

e Data Collection and Monitoring: IFMS collects data on soil conditions (moisture, pH,
temperature), crop health (through multispectral or hyperspectral imaging), and
environmental factors (weather conditions).

e Data Management and Integration: Centralized software platforms manage and
integrate data collected from sensors and devices. This includes GIS (Geographic
Information Systems) for mapping field variability and historical data for trend analysis.

e Decision Support Systems (DSS): Advanced analytics and artificial intelligence (AI)
algorithms process data to provide actionable insights. This includes predictive modeling
for crop yield forecasting, disease detection, and optimal resource allocation.

e Application and Automation: GPS-guided machinery and automated systems adjust
operations in real-time. This includes automated irrigation systems that respond to soil
moisture levels and weather conditions to optimize water use efficiency.

e Monitoring and Feedback: The system sends notifications to alert farmers to critical
issues such as weather conditions enabling timely interventions provide high-resolution
data for monitoring crop health, growth patterns, and detecting anomalies (e.g., pest
infestations, nutrient deficiencies).

¢ Environmental Monitoring and Sustainability: IFMS assess the environmental impact
of farming practices and help farmers adopt sustainable practices to minimize soil
degradation, water pollution, and carbon footprint.

e Farm Economics and Planning: [FMS include tools for budgeting, cost analysis, and
financial forecasting to optimize profitability and resource allocation and strategic
planning tools help farmers make informed decisions about crop rotation, land use, and
investments in infrastructure and technology.

2.6.4.2 Benefits of Integrated Farm Management Systems (IFMS)

e Optimized Resource Use: IFMS improve efficiency in resource management, leading to reduced
input costs and increased crop yields.

e Enhanced Sustainability: By promoting sustainable farming practices, IFMS minimize
environmental impact and contribute to long-term soil and ecosystem health.

e Data-Driven Decision Making: [IFMS empower farmers with actionable insights and real-time
data, enabling proactive management and risk mitigation.

e Operational Efficiency: Automation and precision technologies streamline farm operations,
saving time and labor while improving overall productivity.



e Enhanced Efficiency: [IFMS optimize resource use by applying inputs (fertilizers,
pesticides, water) precisely where and when needed, leading to reduced costs and
increased yields.

e Operational Optimization: Automation and integration of technologies streamline farm
tasks, saving time and labor while maximizing productivity and profitability.

2.6.4.3 Challenges of Integrated Farm Management Systems (IFMS)

e Initial Investment: Implementing IFMS requires significant upfront investment in
technology, equipment, and infrastructure, which can be prohibitive for smaller farms or
those with limited financial resources.

e Data Management Complexity: Managing and interpreting large volumes of data from
multiple sources (sensors, satellites) can be challenging, requiring robust data
management systems and technical expertise.

e Technical Integration: Ensuring compatibility and seamless integration of various
technologies (sensors, software platforms) across different farm operations can be
complex and require specialized knowledge.

e Adoption and Training: Farmers may face challenges in adopting new technologies and
practices, requiring training and support to effectively utilize IFMS to their full potential.

Conclusion:

Integrated Farm Management Systems represent a transformative approach to modern
agriculture, offering significant benefits in terms of efficiency, sustainability, and productivity.
While challenges such as high initial costs, data management complexities, and adoption barriers
exist, ongoing advancements in technology and increasing awareness of the benefits are driving
greater adoption of [IFMS

2.6.5 Forest Management Information Systems (FMIS)

Forest Management Information Systems, as described by Johnson and Curtis (2001), focus on
managing forest resources. They track tree growth, forest health, and harvesting activities. FMIS
are essential for sustainable forest management and conservation.

2.6.5.1 How (FMIS works)

Forest Management Information Systems (FMIS) are comprehensive tools designed to facilitate
efficient and sustainable management of forest resources through integrated data management,
analysis, and decision support. These systems typically include modules for GIS mapping,
inventory monitoring, planning and decision support, harvesting operations, environmental
monitoring, and stakeholder engagement. The following are the different modules.

» GIS and Mapping Module: FMIS utilize Geographic Information Systems (GIS) to
manage and analyze geospatial data related to forest resources, including forest cover,
terrain characteristics, and land use patterns.



Inventory and Monitoring Module: FMIS collect data on forest inventory, including
tree species, age, size, and volume. This information is crucial for assessing forest health,
growth, and timber stock.

Planning and Decision Support: FMIS integrate data analytics and modeling tools to
support forest management planning. This includes predictive modeling for timber
harvesting, biodiversity conservation, and ecosystem services assessment.

Harvesting and Operations: FMIS facilitate efficient planning and scheduling of timber
harvesting operations. This includes optimizing harvesting routes, equipment allocation,
and logistics to minimize environmental impact and maximize productivity.
Environmental Monitoring and Conservation: FMIS include monitoring wildlife
within forest areas and mitigate the impact of forestry activities on water quality, soil
erosion, soil health through monitoring and adaptive management practices.

Community Engagement and Stakeholder Module: FMIS provide platforms for
engaging stakeholders, including local communities, NGOs, and government agencies.
This promotes transparency, collaborative decision-making, and sustainable forest
governance.

2.6.5.2 Benefits of Forest Management Information Systems (FMIS)

>

>

>

>

Improved Decision Making: FMIS provide accurate, real-time data and analytical tools
to support informed decision-making for sustainable forest management.

Enhanced Efficiency: Automation and integration of technologies streamline forest
operations, reducing costs and optimizing resource use.

Conservation and Sustainability: FMIS promote biodiversity conservation, ecosystem
services preservation, and sustainable timber harvesting practices.

Compliance and Accountability: Ensure compliance with regulations, certification
standards (e.g., FSC, PEFC), and environmental best practices through monitoring and
reporting capabilities.

2.6.5.3 Challenges of Forest Management Information Systems (FMIS)

» Cost and Investment: Implementing FMIS requires substantial initial investment in

technology infrastructure, software development, and training for personnel, which can
be prohibitive for smaller forest enterprises and developing countries.

Data Complexity and Integration: Managing large volumes of data from multiple
sources (e.g., remote sensing, field surveys) presents challenges in data storage,
integration, quality assurance, and interpretation.

Technical Expertise: Effective use of FMIS requires specialized skills in GIS, remote
sensing, data analytics, and software management, which may be lacking in some forest
management agencies and organizations.

Regulatory and Institutional Barriers: Compliance with regulatory requirements,
certification standards and navigating bureaucratic processes can pose challenges to
implementing and maintaining FMIS.



Conclusion:

Forest Management Information Systems play a crucial role in promoting sustainable forest
management practices by enhancing efficiency, improving decision-making, and ensuring
environmental conservation. Despite challenges such as high initial costs, technical complexities,
and regulatory hurdles, the benefits of FMIS in terms of environmental stewardship, economic
sustainability, and social responsibility justify continued investment and advancement in these
technologies

2.6.6 Sustainable Agriculture System

Sustainable agriculture focuses on practices that maintain productivity while minimizing
environmental impact. According to Pretty (2008), sustainable agriculture and agroforestry both
emphasize ecological balance and resource conservation.

2.6.6.1 How (SAS) works

Sustainable agriculture systems work by integrating practices that enhance soil health and
minimize environmental impact. Techniques such as crop rotation, cover cropping, and
integrated pest management reduce reliance on synthetic inputs while improving soil fertility and
pest resistance. Efficient water management strategies like drip irrigation and rainwater
harvesting optimize water use, while agroforestry and habitat preservation support ecosystem
services and wildlife. Sustainable agriculture systems typically function, including their key
modules:

= Soil Health Management: Rotating crops helps prevent soil erosion, reduce pests and
diseases, and maintain soil fertility and plant cover crops during off-season periods
improves soil structure, adds organic matter, and suppresses weeds.

= Water Management: Utilizing drip irrigation, mulching, and soil moisture sensors
optimizes water use efficiency and reduces water runoff these implements practices such
as rainwater harvesting, contour farming, and terracing minimizes soil erosion and
conserves water resources.

* Nutrient Management: Using soil testing and nutrient management plans ensures good
application of fertilizers, reducing nutrient runoff and groundwater contamination.

= Livestock Management: Rotating livestock through pastures prevents overgrazing,
improves soil health, and enhances nutrient cycling and providing of pasture, clean water,
and proper shelter ensures animal health and welfare standards are met.

* Community and Economic Aspects: Direct Marketing: Selling products through
farmers' markets, community-supported agriculture, and local stores fosters community
engagement and supports local economies.

2.6.6.2 Benefits of Sustainable Agriculture Systems

= Environmental Conservation: Enhances soil health, preserves water quality, reduces
greenhouse gas emissions, and promotes biodiversity conservation.

* Economic Resilience: Improves farm profitability through reduced input costs,
diversified income streams, and enhanced market opportunities.



= Social benefits: Supports rural livelihoods, improves food security, fosters community resilience,
and promotes equitable access to nutritious food.

2.6.6.3 Challenges of Sustainable Agriculture Systems:

= [Initial Investment and Transition Costs: Adopting sustainable practices may require
initial investment in equipment, infrastructure, and training, which can be challenging for
small-scale farmers or those with limited resources.

= Technical Knowledge and Education: Farmers need access to technical expertise and
education on sustainable practices, including soil management, pest control, and water
conservation.

= Market Access and Certification: Meeting organic or sustainable certification standards
can be costly and time-consuming, impacting market access and profitability.

= Resilience to Climate Change: Adapting sustainable practices to changing climate
conditions and extreme weather events requires ongoing innovation and adaptation.

Conclusion:

Sustainable agriculture systems offer a holistic approach to farming that balances environmental
stewardship, economic viability, and social equity. While challenges such as initial investment
costs, technical knowledge requirements, and market access barriers exist, the benefits in terms
of environmental conservation, economic resilience, and community well-being justify continued
support and investment.

2.7 Comparison of related systems

Table 1: Comparisons for the Related Systems

System Strength Weaknesses Technology

SLMS Enhances High initial cost, Web-based
productivity, requires training
CONSEIves resources

IPMS Reduces chemical Complex Web-based
use, enhances implementation,
biodiversity monitoring required

PAS Increases efficiency, High technology cost, Web-based
data-driven decisions data management

IFMS Holistic farm Complex to manage; | Web-based
management; high data
supports sustainable | requirements
practices

FMIS Reduces chemical Complex Web-based
use, enhances implementation,
biodiversity monitoring required

SAM Enhance environmental | Lack of market access, | Web-based
Conservation, climatic changes




Economic Resilience
and social

2.8 Conclusion

This chapter reviewed literature on agroforestry management systems, including their types,
components, and related systems. It highlighted how agroforestry practices can enhance
sustainability and productivity in agricultural landscapes. The integration of management
information systems further supports efficient planning and decision-making in agroforestry
operations.



Chapter Three

Research Methodology
3.0 Introduction

This chapter details the research patterns, data collection methods, analysis techniques and tools
used for designing and implementing the Agroforestry Management System. The methodology
aligns with the specific objectives of the proposed system.

3.1 System Study and Analysis

Fact-finding techniques were employed to determine system and user requirements as well as
system inputs and outputs. This process defined the expectations for the system. The techniques
included:

3.2 Data Collection Techniques
3.2.1 Interview

Interviews, which can be structured, unstructured, or semi-structured, were conducted with
stakeholders such as farmers, forestry officials, and agricultural experts to identify and specify
functional and non-functional requirements. The interviews were both semi-guided and
unguided, containing closed and open-ended questions to gather data about the operation of
existing systems, their problems, strengths, information flow and current system processing.

3.2.2 Observation

Researchers observed activities such as planting, harvesting and managing agroforestry plots.
These observations were documented using pen and paper to capture details about current
manual processes, their inefficiencies and areas needing improvement.

3.2.3 Reviewing Existing Documents

The research team reviewed documents related to agroforestry practices and policies from
various sources, including governmental and non-governmental organization websites and
internal reports. Additionally, a literature review provided essential background information and
context that we required.

3.2.4 Questionnaires

The technique of using questionnaires was also used by the researchers to gather information
from the stakeholders involved in agroforestry practices in the Mount Elgon region. The
questionnaires were distributed to a sample of farmers, agricultural extension workers and other
relevant parties to obtain statistical data. The researchers were able to identify the key challenges
in agroforestry management, such as pest and disease control, access to quality seeds and market
access, after receiving feedback from the respondents. This information provided insight into the



most pressing issues affecting agroforestry productivity and sustainability. As a result, the
researchers determined that the agroforestry management system to be developed needed to
address these challenges efficiently and effectively. The questionnaire used for this study is
attached in Appendix II.

3.3 Data Analysis Methods

The researchers used data analysis application software, including Microsoft Excel, to capture
(record) data from their observations in the Mount Elgon agroforestry management system.
Observations such as the types of agroforestry practices, the duration of various activities, the
frequency of pest and disease occurrences, and the challenges faced by farmers were recorded.
This data was then analyzed and graphically represented using bar graphs to illustrate key
findings, such as the prevalence of different challenges and the impact on productivity. These
visualizations helped in understanding the data more comprehensively and in identifying areas
that needed improvement in the agroforestry management system.

3.4 System Analysis and Design

The system's analysis and design process involved identifying inputs, processes that transform
inputs into outputs, and system constraints. Data flow diagrams (DFDs) and entity-relationship
diagrams (ERDs) were used to illustrate data transfer processes and the relationships among
system entities.

3.4.1 System Analysis

System analysis involves summarizing data to extract useful information and draw conclusions.
In this phase, both functional and non-functional requirements were identified based on the
system study.

3.4.1.1 Functional Attributes

Functional attributes of the agroforestry management system include:

v Data Collection and Storage: The system should enable users to input and store data
related to agroforestry practices, such as types of crops and trees planted, pest and disease
occurrences, and harvest yields.

v Reporting and Visualization: The system should provide reporting tools and
visualizations, such as charts and graphs, to help users understand patterns and trends in
their agroforestry activities.

v" Task Scheduling and Management: The system should support the scheduling of
agroforestry tasks and management activities, including planting, pruning, pest control,
and harvesting.

v"Alerts and Notifications: The system should generate alerts and notifications for critical
tasks, such as when to apply fertilizers or when pest control measures are due.

v" Market Access Information: The system should provide information on market access,
including prices, demand for agroforestry products, and potential buyers.



v" Resource Management: The system should help in managing resources such as seeds,
seedlings, and equipment, ensuring that users can track inventory and usage.

3.4.1.2 Non-Functional Attributes

Non-functional attributes of the agroforestry management system include:

v' Usability: The system should have a user-friendly interface that is easy to navigate for
users with varying levels of technical expertise.

v" Performance: The system should be responsive and able to handle multiple users and
large volumes of data without significant delays.

v’ Scalability: The system should be scalable to accommodate an increasing number of
users and expanding datasets as the agroforestry operations grow.

v" Security: The system should ensure the security of user data through encryption and
access controls, protecting sensitive information from unauthorized access.

v Reliability: The system should be reliable and available with minimal downtime to
ensure continuous support for agroforestry activities.

v' Compatibility: The system should be compatible with various devices and platforms,
including mobile phones, tablets, and computers, to ensure accessibility for users in
different environments.

v" Maintainability: The system should be designed for easy maintenance and updates,
allowing for the smooth implementation of improvements and bug fixes.

3.4.2 System Design

i.  Process Modeling

Data Flow Diagrams (DFDs) were used to model the processes and external entities
involved in the system, resulting in a detailed description of process models. The
information for building the DFDs was obtained from the Data Dictionary.

ii. Data Modeling
Entity-Relationship Diagrams (ERDs) were used to model the data requirements
and structures, resulting in a relational schema for the database.

iii.  Interface Design

Interface design focused on creating a user-friendly interface that facilitates easy
navigation and interaction with the system. Wireframes and prototypes were
developed to visualize the layout and design of various screens, ensuring the
interface is intuitive and accessible for users with varying levels of technical
expertise.

iv.  System Architecture
System architecture design involved defining the overall structure of the

agroforestry management system, including the hardware and software
components, their interactions, and the communication protocols. This included



selecting appropriate technologies for database management, user interface, and
network communication to ensure system scalability, reliability, and security.

v.  Security Design

Security design addressed the protection of user data and system integrity. This
included implementing encryption methods, access controls, and authentication
mechanisms to safeguard sensitive information and prevent unauthorized access.
Regular security assessments and updates were planned to maintain the system's
security posture.

vi.  Backup and Recovery Design

Backup and recovery design ensured the system's data integrity and availability in
case of failures or disasters. This included implementing regular data backup
procedures, designing data recovery protocols, and ensuring that the system could
restore data quickly and accurately after an interruption.

3.5 System Implementation

System implementation involved the physical realization of the database and application design.
This involved the implementation of both the database and application programs. Utilizing the
Data Definition Language (DDL) of the selected Database Management System (DBMS).

3.5.1 Implementation Tools

In the implementation stage, the following tools were used; WAMP/Apache server, MySQL,
PHP, JavaScript, Notepad++, Windows operating system. (As the development environment)

3.5.1.1 WampServer

WampServer, a free server bundle that includes Apache sever. When installed on the system, it
includes Apache, MySQL and PHP. Apache is a popular web server that many ISPs and
individuals use to host web pages. We installed Apache on our system as a web server. Pages
were stored in the system’s special folder which was accessible on the network via the machine’s
IP address. In order for pages to be viewed on the Internet, the files were stored in the www
directory.

3.5.1.2 PHP

Hypertext Preprocessor (PHP) is an open-source server-side programming language extensively
used for web scripting. It is designed specifically for integration with HTML, making it a
popular choice for developing web applications and dynamic content. PHP can be used in
conjunction with MySQL to build robust Content Management Systems (CMS) and other web



applications. It is compatible with many platforms, including Windows, Unix/Linux, and Mac
OS X, which enhances its versatility and accessibility as open-source software. In the
development of our salon management system, PHP was utilized to handle server-side logic,
process user inputs, manage sessions, and generate dynamic content for web pages.

3.5.1.3 MySQL

MySQL is an open-source Relational Database Management System (RDBMS) that employs
Structured Query Language (SQL) for adding, accessing, and processing data in a database. As
an open-source solution, MySQL can be freely downloaded and customized to meet specific
needs under the general public license. MySQL is renowned for its speed, reliability, and
flexibility, making it suitable for handling the multi-tasking and multi-user requirements of a
database. In our salon management system, MySQL was chosen to store and manage data such
as customer information, appointment schedules, service details, and transaction records,
ensuring efficient data retrieval and manipulation.

3.5.1.4 HTML

Hypertext Markup Language (HTML) is the predominant markup language for web pages,
providing a means to describe the structure of text-based information within a document. HTML
tags, enclosed in angle brackets, are used to denote elements such as links, headings, paragraphs,
and lists. HTML can also include interactive forms, embedded images, and other multimedia
objects. Moreover, HTML allows for embedding scripting languages, which can alter the
behavior of web browsers and other HTML processors. In the development of our salon
management system, HTML was used to construct the basic structure and layout of web pages.
The HTML code was written using Notepad++ along with PHP pages to create a cohesive and
interactive user interface for the content

3.6 System Testing and Validation
3.6.1 Testing

Testing involved executing application programs to identify errors and ensure the system
behaved as expected. The process included:

1. Testing system performance, efficiency, disk space, and throughput.
ii.  Checking system compatibility with different operating systems (e.g., Windows XP,
Linux, Windows 10).
iii.  Testing for security issues such as resistance to remote attacks and authentication
procedures.

3.6.2 Validation

Validation was a critical phase in assessing the effectiveness of the Agroforestry Management
System to ensure that it fulfills the intended objectives and meets the needs of its users. The
validation process was designed to evaluate whether the system aligns with the identified user,
functional, and non-functional requirements of the agroforestry management tasks.



To achieve this, the Agroforestry Management System was provided to a group of end-user
representatives, including agroforestry practitioners, field agents and other stakeholders. These
users tested the system in real-world scenarios to verify that it meets the specified requirements
and performs as expected.

Conclusion

In summary, this chapter described the methodologies used for different research patterns, data
collection approaches, analysis techniques, and tools for designing and implementing the
Agroforestry Management System.
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Chapter Four
4.0 System Study, Analysis, and Design

This chapter focuses on the study of the existing agroforestry management system, analysis of
system requirements and process and data modeling.

4.1 Study of the Existing System

Through interviews, observations and document reviews, the researchers identified key
challenges with the existing agroforestry management system. Currently, farmers rely on manual
processes to manage their agroforestry activities, leading to inefficiencies and delays in decision-
making and resource allocation. This situation necessitates the development of an Agroforestry
Management System that can streamline operations and improve productivity.

Further analysis of the existing system revealed a workflow that includes the registration of
farmers, recording of agroforestry activities and the generation of reports for stakeholders (see
Figure 4.1)



4.1.1 Workflow for the Agroforestry Management Processes
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Figure 4.1: Flow chart for the agroforestry management system



4.1.2 Strengths of the Existing System

v Allows for the documentation of agroforestry activities.
v Enables farmers to record the types of trees, crops planted and livestock.
v Provides basic reports on agroforestry outputs.

4.1.3 Weaknesses of the Existing System

» Lack of real-time data on agroforestry activities.
» Limited accessibility to information for decision-making.
» Time-consuming and prone to human errors.

4.2 Data Analysis Results

Various data collection techniques were employed, including surveys, interviews, and
observations. The researchers to gather information that was analyzed to obtain accurate insights
and generate relevant reports. The researchers identified several challenges associated with the
current agroforestry management system.

The key challenges encountered in the current system during the management of agroforestry
activities included inefficiencies in tracking tree growth, managing species diversity, and
difficulties in monitoring soil health. Additionally, the lack of real-time data led to delays in
decision-making and resource allocation. The analyzed data was presented in tables and graphs
for better understanding and easier interpretation. An example of the analysis on the challenges
associated with the current agroforestry management system is shown in Table 1

4.2.1 Tabular Representation of Challenges in the Existing System

Table 2: Challenges associated with the current system

Challenges 11\1 (;l)mber of Respondents (out of Percentage of Respondents
Inefficiency in resource 7 70%

allocation

Delays in information sharing | 5 50%

Lack of real-time data 8 80%




4.2.2 Graphical Representation of Challenges faced by the current
Agroforestry Management System.

Challenges faced by Agroforestry Management System

percentage

8 8§ 8383 3 8 8

= ks
[ =T =]

[=]

1 2 3
ineffiency inresources  delay data sharing lack of real data
Challenges

Figure 4.2: Graphical representation of challenges in the existing Agroforestry management
system.

4.2.1 User Requirements

User requirements define the services that the agroforestry management system should provide
and the constraints under which it must operate. Below are the user requirements for the system

1. The system should allow farmers to input agroforestry data easily.
il. The system should generate detailed reports for stakeholders.

iil. The system should provide real-time access to agroforestry data.
v. The system should authenticate users and secure data.

4.2.2 Functional Requirements

Functional requirements describe the activities and services the Agroforestry Management
System will provide in terms of data handling. Based on the data collection tools utilized to
gather information from users, the following functional requirements were fulfilled;

1. The system should generate reports on agroforestry activities and transactions
on a weekly basis.

ii.  The system should store and retrieve information about farmers and
agroforestry plots.



iii.  The system should allow farmers to view details of their agroforestry
activities online.

iv.  The system should update agroforestry data after every transaction or activity.

v.  The system should enable employees to input and manage farmer and
agroforestry-related details.

4.2.3 Non-functional Requirements

Non-functional requirement is a description of additional features, characteristics, and constraints
that determine the overall performance and satisfaction of the system. Therefore, it outlines how
the Agroforestry Management System is expected to perform. Some of the non-functional

requirements considered during the design of the system include:

1. The user should be able to access the system at any time of the day

il. The system should have a user-friendly interface.

1. The system should ensure data security through authentication and encryption.

v. The system should process user requests quickly.

V. The system should be flexible and easy to update, accommodating changes in
agroforestry practices or regulations.

Vi. The system should process user tasks, such as data retrieval and reporting, as quickly

as possible.

Vii. The Agroforestry Management System should be reliable, ensuring consistent
availability and accuracy of information.

4.2.4 System Requirements

System requirements are essential to ensure that the Agroforestry Management System includes
all the necessary functionalities. These requirements describe the system's capabilities and its
properties, including both hardware and software components. The requirements for the

Agroforestry Management System include the following:

4.2.4.1 Hardware Requirements

Table 3: Hardware requirements

Hardware Component

System Requirement

Justification

Processor

Intel Core 15 or above

Sufficient processing power
for system operations

RAM 8GB or above Enough memory to handle
data processing tasks
Storage 500GB or above Adequate storage for data

records and reports




4.6.2 Software Requirements

Table 4: Software requirements

Software Component

System Requirement

Justification

Operating System

Windows 10 or Ubuntu 18.04

Compatibility with most
devices and ease of use

Database System

Robust database management

MySQL 8.0 for storing agroforestry data
Web Server Reliable web server for
Apache 2.4 .
hosting the system
Web Browser Google Chrome Compatibility with most web
applications
Windows 10 These operating systems offer

compatibility with modern
applications, ensuring that
users can easily access the
system from different
platforms.

Development Environment

Visual Studio Code

These integrated development
environments (IDEs) support
efficient coding, debugging,
and version control, making
the development process
smoother and faster.

4.3 System Design

The system design phase includes process modeling with Data Flow Diagrams (DFDs) and data
modeling with Entity Relationship Diagrams (ERDs).

4.3.1 Architectural Design for the System

The architectural design includes subsystems such as Data Collection, Data Processing, Data
Storage, and Data Display. The figure below illustrates the architectural diagram of the
Agroforestry Management System. This diagram provides an overview of the system's

components and their interaction
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Figure 4.3: Architectural design for the agroforestry management system

4.3.2 Process Modeling

Process modeling shows the flow of information within the agroforestry management system.
This illustrates how data and information will flow through the Agroforestry Management System, from
initial input to various storage and processing points.

4.3.3 Data Flow Diagrams (DFD)

DFDs illustrate how data flows through the system. Data Flow Diagrams (DFDs) are crucial tools for
system analysts, offering a visual representation of how data moves within a system. DFDs are
instrumental in depicting the flow of information and interactions between various components of a
system. They use specific symbols to represent different elements within the system. The primary
symbols used in DFDs include:



4.3.3.1 Context Level DFD

iagroforestry records “username and password |
Agroforestry Admin
Famers management <
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Figure 4.4: Context diagram for the agroforestry management system

In Figure 4.3, the Agroforestry Management System's data flow is depicted as follows: When a
user, such as a farmer or consultant, logs into the system and is authenticated, they can request
resources like crop data or soil conditions, with the system promptly providing the requested
information. Similarly, an administrator logs into the system and, after authentication, can query
for detailed data or manage system operations, receiving immediate feedback. This flow
illustrates how user and administrator interactions are efficiently processed and how feedback is
delivered within the system.



4.3.3.2 Level 1 DFD for the Agroforestry Management System
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Figure 4.5: Level 1 DFD for the agroforestry management system



Description for the level 1 DFD

In this subsection, tables detail the design elements utilized in the development of the
Agroforestry Management System. These elements encompass Processes, Data Flows, Data
Stores, and External Entities, each crucial for illustrating the system's architecture and

functionality.

Identification of Entities and Their Attributes

Table 4: Entities and attributes processes

Process

Description

Authentication Process

Verification of username and passwords of
users accessing the agroforestry system.

User Registration Process

Capture and store all user details, including
farmers, agroforestry experts, and system
administrators.

Farmer Registration Process

Capture and manage all farmer details,
including farm locations, crop types, and land
size.

Employee Monitoring Process

Tracks all tasks performed by employees,
such as farm visits, resource allocation, and
system maintenance.

Transaction Monitoring Process

Keeps track of all financial and resource
transactions between farmers, suppliers, and
other stakeholders.

Description of Data Stores
TaBLE1: D

Data Store

Description

User Data

Stores user credentials, including usernames and
passwords.

Farmer Data Store

Stores farmer registration details and profiles.

Crop Management Data

Stores data related to crop types, growth stages,
and yields.

Livestock Management Data

Stores livestock information such as species,
health records, and productivity.

Financial Transactions

Stores records of financial transactions related to
agroforestry activities

Environmental Data

Stores environmental monitoring data, including
soil quality, weather patterns, and water usage.




Description for External Entities
TABLE 2: DESCRIPTION OF EXTERNAL ENTITIES

Entity

Description

Farm Manager

Inputs new farmer and agroforestry project details into the system.

Farmer

Engages with the system to manage crops, livestock, and other

resources.

System Administrator

Monitors and manages the agroforestry management system.

Environmental Organizations

Provides environmental data and collaborates on sustainable

practices.

Financial Institution

Facilitates financial transactions related to agroforestry activities.

Farm Plot

Contains detailed information about specific farming plots.

4.3.4 Identification of Entities and their Attributes

Table 3: Identification for Entities and their Attributes

Entity Description Entity
Farmer A farmer is an individual farmer _id, surname,
engaged in agroforestry other name, telephone, email,
activities. location, gender, age, farm type
Farm Plot A specific plot of land used for | plot id, location, size, soil type,
agroforestry activities. ownership status
Crop A type of crop cultivated within | crop_id, crop_name,
the agroforestry system. planting_date, harvest date,
yield, plot id
Livestock Animals reared within the livestock id, species, breed,
agroforestry system. number, plot_id, health status
Agroforestry Expert An expert providing advisory expert_id, fname, Iname,

services on agroforestry
practices.

specialization, contact_info

Environmental Data

Data related to environmental
factors affecting agroforestry
activities.

data_id, weather conditions,
soil_moisture, plot_id,
date recorded

Financial Institution

An entity that provides financial
services related to agroforestry

institution_id, name,
service type, contact info




4.3.5 Modeling Relationships between Entities

Figure 4.6: Relationship

A 4

Farmer Farm plot

1.1

e One or many farm plots belong to one and only one farmer, while a farmer can manage
one or more farm plots.

Figure 4.7: Relationship between Farm Plot and Crop
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e A farm plot can contain one or more crops, and a crop can be grown on one and only one
farm plot.

Figure 4.8: Relationship between Farm Plot and Livestock
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1.1

e A farm plot can accommodate one or more livestock, and livestock can belong to one and
only one farm plot.

Figure 4.9: Relationship between Farmer and Agroforestry Expert
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. 1.1

e A farmer can consult one or more agroforestry experts, and an agroforestry expert can
provide services to one or more farmers.

Figure 4.10: Relationship between Financial Institution and Farmer
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e A financial institution can provide services to one or more farmers, and a farmer can seek
financial services from one or more financial institutions

4.3.6 The Entity Relationship Diagram



4.3.7 Mapping of ERD to Relational Schema | t{o m

ﬂ E =3 agroforestry_db farmers n & agroforestry_db farm_plots

g farmer_id : int{11} 2 plot_id : int(11)
= first_name : varchar{100}) # farmer_id - int(11}
= last_name : varchar{100) @ plot_name - varchar(100)
= gender : varchar(10}) . R
, # plot_size : decimal(10,2)
m date_of_birth : date .
= contact_number - varchar{15) @ plot_location - varchar(255)
= email : varchar{100} & soil_type : varchar(100)
= address : varchar(255) @ crops_grown : varchar{255)
= farm_location : varchar({255) @ irrigation_method : varchar(100)
# farm_size : decimal{10.2) @ date_acquired : date
= crops_grown - wvarchar{255) @ created_at - timer*~—-
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@ date_joined : date =
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# user_id - int{11)
g amount : dacimal{10,2)
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@ date : timestamp

[ & aoroforesteydb BT

2 user_id - int(11)

2 usemame : varchar(50})

ﬂ{} agroforesiry db notifications
¢ nofification_id : int{11)

# user_id : int(11)

ﬂ{} agroforestry_db services @ message : text

@ service_id - int(11) il date_sent : imestamp

2 password : varchar(255)
« role : enum(’user, admin’)
i email - varchar{100)

@ created_at - timestamp

ﬂﬂ agioforestry_db crop_management  SEL I ST R ﬂ{} agroforestry_db water_management

g record_id  nf(11) @ description - fext g record_id - ini{11)

m created at: timestamp

& description : text & description : text

m date : timestamp m date : timestamp

ﬂ{} agroforesiry_db livestock_management
@ record id : inf{11)
& description : text

n{} agroforestry_db plant_management
@ record id - int(11)
& description : text

. date : timestam
m date - timestamp ] P



Table: Finances

Field Name Data Type Constraints
finance id int(11) Primary Key
user_id int(11) Foreign Key
Amount decimal(10,2)
Description Text
Date Timestamp
Table: users
Field Name Data Type Constraints
user id int(11) Primary Key
Username varchar(50)
Password varchar(255)
Email varchar(100)
Created at Time setup
Table: notifications
Field Name Data Type Constraints
notification id int(11) Primary Key
User id Int(11) Null
Message Text Null
Date sent Timestamp Null
Table: services
Field Name Data Type Constraints
Service id Int (11) Primary key
Service name Varchar(100)
Description Text
Created at Timestamp
Table: water management
Field Name Data Type Constraints
Record id Int(11) Primary key
Description text




\ Date

\ Timestamp

Table: livestock management

Field Name Data Type Constraints
Record id Int(11) Primary key
Description text
Date Timestamp

Table: crop management
Field Name Data Type Constraints
Record id Int(11) Primary key
Description text
Date timestamp

Conclusion

In conclusion, this chapter thoroughly examined the current agroforestry management system,
identifying its strengths and weaknesses. Through the analysis of user and system requirements,
along with the development of process and data models, a foundation has been established for
designing a more efficient and user-friendly agroforestry management system. This design will
enhance data management, decision-making, and overall productivity in agroforestry operations.




Chapter Five

5.0 System Implementation, Testing, and Validation
This chapter outlines the implementation of the Agroforestry Management System's design and

presents the results generated by the system. Screenshots of the system's user interface will be
shown to demonstrate how the system operates when commands are executed.

5.1 System Functions

The Agroforestry Management System provides administrators with tools to manage
agroforestry activities, track resources, and monitor the overall system. Employees are equipped
to record and update agroforestry data, while farmers can access their accounts, view their tree-
planting records, and receive guidance on sustainable practices.

5.1.1 Functions Provided to All Users

The Agroforestry Management System ensures user authentication and security by requiring
usernames and passwords for access.

5.1.2 Functions Provided to Farmers

Authenticated farmers can view details related to their agroforestry activities, including tree
counts, growth progress, and recommended practices. They can also access educational resources
on agroforestry techniques.

5.1.3 Functions Provided to Employees

Employees can log in to the system to enter and update data on agroforestry activities, such as
tree planting records, resource allocation, and progress reports. They can also monitor the health
and growth of planted trees.

5.1.4 Functions Provided to Administrators

Administrators have full access to the system, including managing user accounts, overseeing
agroforestry activities, validating data entries and generating reports on system performance and
sustainability metrics.

5.2 System Map

Figure 5.1: System Map showing functions provided by the system to each user
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Figure 5.1: System Map

5.3 Sample Screenshots
5.3.1 System Home Page

The system's homepage allows all users, including administrators, employees, and farmers, to
log in and access their respective dashboards for performing their tasks.




€ > C @ localhost/Forstry/index.php ¥

SN

Agroforestry Home AboutUs Services Contact Login Register

Welcome to Agroforestry Management System

This is a comprehensive platform for managing agroforestry activities, including user management, service offerings,
and notifications.

Explore our services and learn more about how we can help you manage your agroforestry operations efficiently.

Learn more

© 2024 Agroforestry Management System

5.3.2 Administrator's Login Page

Figure 5.3: This figure illustrates the administrator's login page within the agroforestry
management system.



Admin Signup

Username:

Password:

The administrator selects the "Admin" option and enters their password to gain access to the
system. Upon successful login, the administrator is granted access to various system
functionalities, such as managing farmer accounts, monitoring agroforestry plots, overseeing
water resource allocation, managing agricultural inputs, and reviewing reports on crop and
livestock management.

In the event of incorrect login credentials (i.e., wrong username or password), access to the
system will be denied, ensuring security and preventing unauthorized access. This feature
ensures that only authorized administrators can manage and update critical system data related to
agroforestry operations.



Admin Panel Admin Dashboard

2 Manage Users

Welcome, Admin! Here are some statistics:

fs Manage Services

Total Users Total Services Total Finances

4 1 3

B Manage Finances

Manage Crops

Total Water Records Total Livestock Records

1 1

Manage Water

i Manage Livestock

P Manage Plants Total Plants Records

1

5.3.3 Administrative View Page

Once logged in, administrators have access to an overview of system activities. They can
navigate through options to manage users, oversee agroforestry operations, and validate data
entries
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5555 2024-08-16 00:00:00 Edit

boob 2024-08-16 00:00:00 Edit

localhost/Forstry/admin/manage_livestockphp

e Bowr JSheD2@8CEBTOBO F ~eaw e



5.3.4 User Login Page

Employees log in by selecting the employee option and entering their credentials. They can
record new data, update existing information, and monitor agroforestry projects under their
supervision.

5.3.5 Data Entry Page

Employees can enter data related to agroforestry activities, including tree planting, resource
allocation, and progress monitoring.



5.3.6 Farmer Registration Page

Farmers can be registered in the system by employees, with their details such as name, location,
and agroforestry activities being recorded for system tracking.

Register

Username:
Email:

Password:

5.3.7 Farmer Details Page

This page displays detailed information about registered farmers, including their activities,
resources allocated, and progress in agroforestry.

5.3.8 Farmer's Login Page

Farmers log in by selecting the farmer option and entering their credentials. They can view their
agroforestry activities, progress, and educational resources provided by the system.

5.3.9 Logged-in Farmer's Dashboard

After logging in, farmers can access their dashboard, where they can view their agroforestry
activities, monitor tree growth, and access educational resources.

5.4 System Testing and Validation Results

The system underwent thorough testing and validation to ensure it functions correctly and meets
user requirements. User feedback was gathered to assess the system's performance and usability.



5.4.1 System Testing Results

The Agroforestry Management System was presented to users to identify any errors and verify
that it operates as expected. Errors were corrected, and the system was retested until it met the
performance criteria. Testing also included inputting invalid data to ensure the system's error-

handling capabilities were effective.

5.4.2 Validation Results

The system was validated by presenting it to different users, who provided feedback on its
performance and usability. Validation focused on ensuring that the system met the requirements
of farmers, employees, and administrators. Users found the system easy to navigate and
responsive to their needs. A questionnaire was used to capture their responses.

Table 15: System Validation

Feature Number of Users (out of 5) Percentage of Users (%)
Learnability 4 80%
User-Friendly 3 60%
Improves Agroforestry 3 60%
Management
Supports Sustainable Practices 4 80%

In summary,

This chapter has detailed the functions of the Agroforestry Management System for different
users, including administrators, employees, and farmers. Screenshots provided visual
representation of the system interface. Testing and validation ensured that the system functions
correctly and meets user requirements, with positive feedback confirming its effectiveness in
supporting agroforestry management.



Chapter Six

6.0 Summary, Recommendations, and Conclusion
6.1 Summary

All the stated objectives of the Agroforestry Management System have been successfully
achieved. The system has been designed to automate the manual agroforestry management
processes that are currently used. Farmers and other stakeholders are able to manage tree
planting, crop cultivation, and land use efficiently. The system provides a platform for users to
monitor the progress of their agroforestry activities, view reports on tree growth, and analyze the
sustainability of their practices. Additionally, users can update their profiles and access specific
information only if they have been granted the necessary permissions.

For security reasons, each user is provided with a unique username and password, which serves
as the only means of accessing the system. Administrators hold the highest privileges, allowing
them to manage user accounts and oversee all system activities.

6.2 Recommendations

There is a need for more research in the field of agroforestry management to address any
potential limitations of the current system. As new agricultural practices emerge and
environmental challenges evolve, the system should be updated to incorporate these changes.
Additionally, similar systems should be developed for other regions in Uganda that are still
reliant on manual agroforestry practices. Implementing online management systems for land use
and crop monitoring would make it easier for both farmers and agricultural institutions to
manage their resources and data effectively.

6.3 Future Work

The system should be extended to:

1. Provide a platform for farmers to interact through an inbuilt forum, allowing them to
discuss challenges and share best practices in agroforestry.

2. Integrate more advanced data analytics tools to calculate the economic and environmental
benefits of agroforestry practices.

3. Include features for tracking the carbon sequestration potential of trees planted by the
farmers.

6.4 Conclusion

The Agroforestry Management System objectives have been achieved. The major strength of this
system lies in its ability to facilitate the proper management of agroforestry activities through an



online platform. The system allows users to efficiently monitor tree growth, land use, and crop
cultivation, promoting sustainable agricultural practices. This system provides a foundation for
future developments in agroforestry management, contributing to environmental conservation
and improved agricultural productivity.
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Appendices

Appendix I: Interview Schedule Sample Questions

LRI B W=

What is your opinion on the current agroforestry management practices?

What is your highest academic qualification attained?

Do you have an efficient agroforestry management system in place?

What are the expected roles of agroforestry management systems in your region?
Does your organization set environmental sustainability goals?

What are some of the challenges you face with your current system?

Is your system user-friendly?

What solutions do you think can enhance your current system?

Does your system support data and information backups?



10. What are your expectations from the new system?
11. How do you rate the system's performance?

12. How do you rate the system's reliability?

13. How do you rate the system's simplicity?

14. How do you rate the system's security?

Appendix II: Questionnaires
Dear Respondent,

We are final year BIT students from Uganda Christian University, Mbale University College,
conducting our final year research on internet-based systems focusing on the topic: Agroforestry
Management System. The research is purely academic, and the information you provide will be
treated with the highest level of confidentiality.

Any assistance you render us in answering these questions will be highly appreciated.
Please put a tick (V) in the spaces provided.

1. What is your position in the organization?
o Top Management
o Middle Management
o Operational Management
2. Number of years worked:
o 10 years and above

o 5-10 years
o 3-5years
o 0-3 years

3. What is your highest education qualification?
o Certificate

o Diploma
o Degree
o Masters
o P.H.D.
4. Do you have an Agroforestry Management System?
o No
o Yes
5. Do you review your Agroforestry Management System?
o No
o Yes
6. Does your current system calculate land use efficiency?
o No
o Yes

7. Do you use your system to monitor tree growth and crop yield?



o No
o Yes
8. What should the new system provide?
o [Open-ended response]
9. How do you rate your system costs?
o Very expensive
o Expensive

o Cheap
o Very cheap
10. How user-friendly is your system?
e Good
e Very good
e Very fair
e Fair

Appendix III: System Validation Questionnaire

1. Is the new agroforestry system easy to learn?

o Yes
o No
2. Does the new system improve the management processes?
o Agree
o Disagree
o Not sure

3. How would you rate the user-friendliness of the new Agroforestry Management System?
o Below 40%
o 50%
o 60%
o Above 80%
4. Does the new system capture all the required information from the user?

o Yes
o No
5. Does the new system solve the problem of inefficiencies in managing agroforestry
activities?
o Yes
o No

6. Give any other comments:
o [Open-ended response]



Appendix IV: Pseudocode
Pseudocode for Crop and Tree Data Entry

plaintext

Copy code

Start;

User enters username and password

If username or password is invalid, return an error message
Else

Return the user's dashboard

User selects crop or tree data entry option
User enters data for crop/tree

If data is incomplete, return an error message
Else

Save data to the system

Display confirmation message

Pseudocode for Administrator

plaintext
Copy code
Start;
If administrator enters username and password:
If username or password is invalid, return an error message
Else
Return administrator dashboard
Administrator selects user management option
Administrator creates or updates user accounts
If user account already exists, return an error message
Else
Display confirmation message
End.



