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ABSTRACT
There has been a strong interest in developing approach to maximize honey production in Tanzania. The objective of the study was to determine the effect of beehive type and to assess forage species on honey production in Manyoni district of Tanzania. A total of 100 beekeepers and 6 key informants were purposively selected from two beekeeping management site namely Mwamagembe Village Land Forest Reserve and Aghondi National Bee Reserve. Structured interviews and field observations were used as main methods for social economic data collection. In addition, systematic sampling design was applied to collect forest inventory data. Collected data was subjected to statistical analysis using Microsoft excels spreadsheet. Findings identified two types of hives in the study area, namely: Modern (top bar) hive (74.7%) and traditional (bark) hive (25.3%). The average honey productivity of modern hive in Aghondi National Bee Reserve and traditional hives in Mwamagembe Village Land Forest Reserve was 6.4 kg per year and 2.9 kg per year respectively. For the same vegetation, average honey productivity was 4.21 kg per year for modern hive and 2.9 kg per year for traditional hive. A total of 48 species with 16 plant families in Aghondi National Bee Reserve and 65 species with 23 plant families in Mwamagembe Village Land Forest Reserve were identified to be foraged by bees. Adequate knowledge of hive type identification and bee flora plays an important role in honey production system. To increase honey production, the focus should be on the adoption of modern hive technology, sustainability of bee flora and bark hives deterrence.
Key Words: Honey, Beehives, Miombo Woodland, Itigi Thickets
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CHAPTER ONE
INTRODUCTION AND BACKGROUND to THE STUDY
1.1
Chapter Overview

Honey production in the world increased from 771,144 tons in 1971 to 1,770,119 tons in 2020 growing at an average annual rate of 1.79% and China being the leading honey producer in the world which account about 458,100 tons in 2020 (Shahbandeh, 2022). In Africa, Ethiopia is a leading honey producer with diverse environmental and climatic conditions (FAOSTAT, 2015). In Ethiopia, 2 million people are involved in honey production with approximately 10 million beehives (Shekhar et al., 2011). Even though, the present honey production in Ethiopia is 43,000 tons, the country has the potential to produce up to 500,000 tons of honey (FAOSTAT, 2015). 
In Europe, honey production has a long and rich history, with beekeeping practices evolving significantly over time. In 2018, the average honey yield per hive varied notably across the continent, ranging from 9 to 47 kilograms (FAOSTAT, 2020). This variation reflects the differences in beekeeping practices but also the environmental conditions, flora diversity, and the types of hives used throughout Europe. In Ethiopia, the avarage honey production from traditional hives range from 5 to 8 kg while for modern hives, the average production ranges from 15 to 20 kg (MoARD 2007; Yirga and Teferi 2010; Beyene et al. 2016; Gemechis 2016). Even though honey production publication in African countries is very scarce compared to other regions with more robust data collection; there is evidence of research and publications, particularly within East Africa and specific areas like Tanzania (Gratzer et al, 2021). The information available often reveals gaps in data collection and reporting, making it difficult to accurately assess the full potential of honey production in the region (Tutuba and Kapinga, 2022). For instance, publication show annual honey yields per hive of 13.0 kg (modern hives) in Sudan (Elzaki and Tian 2020), and 4.4 kg for Kenya (Carroll and Kinsella 2013). 
According to URT (2019), Tanzania has about 9.2 million honeybee colonies with predictable production potential of 138,000 tons of honey and 9,200 of beeswax per year. Out of that potential, it only produces 24.6% of honey. However, honey production in Tanzania increased from 8,000 tons in 1971 to 31,405 tons in 2020 growing at an average annual rate of 3% (Shahbandeh, 2022). The low productivity of honey in the country is associated with traditional production system (Backeus and Ruffo, 2010; Namwata et al., 2013; Igunda; 2013). 
1.2
Background to the Research Problem

Generally, about 1,529,995 beehives exists in Tanzania from approximately 0.82 million beekeepers, out of which about 1,506,345 (98.4%) are traditional and 23,650 (1.6%) are modern (box) hives (URT, 2019). The traditional hives are made of logs and barks from the trees. Occasionally, reeds, gourds and pots are also used to make traditional hives (URT, 2019). In Tanzania, the average honey production for traditional hives and modern hives are 7 kg and 12 kg respectively (URT, 2019). Traditional hives is linked with low productivity, poor product quality and has been declared as environmentally unfriendly and a major threat to sustainability of bee colonies (Hausser and Mpuya, 2004). The continued use of traditional beehives could probably be due to lack of information on the honey productivity using different type of beehives and cost implication (Al-Ghamdi, 2010). 
The study done by (Igunda, 2013; Kimaro et al., 2013; Minja and Nkumilwa, 2016), observed that, honeybee colony absconding, pest and diseases, decline of beekeeping areas, shortage of bee forage, the inadequacy of extension services, and the lack of reliable statistical information are pressing issues that threaten the future of beekeeping and, consequently, food security. These challenges not only affect beekeepers but also have wider implications for honeybee diversity and their production of beesproducts. Backeus and Ruffo, (2010), Namwata et al., (2013) and Igunda, (2013) reported that poor markets and poor extension services are among the source of low honey production. Furthermore, Tucak et al., (2004) observed that, beehives types, queen quality, age of the queen, swarming of colonies, honeybee management practices, ecological conditions, floristic composition and resource management are among the major factors affecting honey productivity.
Tucak et al., (2004) observed variations in honey yield in different locality and within the same locality among honeybee colonies. The study done by Dathine, (2012) observed that, about 50% of honey produced in Uganda are from improved (top-bar) hives, specifying the significance of improved beehive types in increasing honey production. According to Nyunza (2018) honey harvesting in Manyoni district was 3 to 6 kg for traditional hive and 8 to 15 kg for top bar hive during high peak harvesting season. Recent findings highlight inconsistencies when compared to earlier research, notably the work of Namwata et al. (2013), which reported an average honey production of 12 to 20 kilograms per hive in the Balang’dalalu Ward of Hanang’ district during peak season for top bar hives. These statistics highlight the challenges faced by beekeepers in the country.
The expanding significance of beekeeping industries in the national economy, along with swiftly increasing demand for honey products in Tanzania, highlights the need for initiatives that supply beekeepers with enhanced beehive types to boost honey production. To improve this sector, the selection and adoption of hive types must focus on key criteria: productivity, affordability, availability, and profitability. By carefully considering these factors, beekeepers can enhance honey production while ensuring sustainable practices. 
Furthermore, Beekeepers knowledge and dicision making play a critical role in selecting forage sites to maximize honey production (Patel et al., 2023).  Availability of flowering forage resources, access to keye bee forage species and distance of travel to access forage location have been identified as the main factors affecting honey production (Patel et al., 2020). Beekeepers need to understand which forage species are most favorable for honey production and how these species can be managed to ensure a stable and consistent honey harvest. Thus, there is a need to understand the effect of beehive type on honey production and address the knowlge gap in understanding how specific forage species contribute to honey production. The result of this study is expected to assist policymakers to plan and implement effective policies and programs. Therefore, the objective of the study is to examine the effect of beehive type on honey production, to determine quantity of honey produced and to assess forage species in (MVLFR) and (ANBR) in Manyoni district, Tanzania.
1.3
Statement of the Research Problem 
Manyoni district is among the districts in Tanzania having high honey production areas within the Miombo woodland and Itigi thicket forest. However, honey production per hive is still low due to the traditional production system (Nyunza, 2018). Different initiatives have been used to disseminate improved beehives in order to exploit production potential by increasing productivity per hive. However, the effect of these distributed and adopted beehive types on honey production per beehive has not been determined and the adoption rate has been inadequately low (Mwakatobe and Mlingwa, 2010; Nkojera, 2010). The use of traditional beehives is associated with low productivity and inefficient beekeeping practices (Husselman et al., 2010; Mmasa, 2007). Beehive types and other beekeeping practices influence honey productivity (Affognon et al., 2015).
Furthermore, the current beekeeping practices and available forage species are inadequate to ensure sustainable honey production and quality, leading to challenge in honey yield. Also, Beekeepers may not fully understand the specific contribution of different forage species to honey production and quality, hindering their ability to make informed decision about forage management (Patel et al, 2023).  Therefore, the aim of the study is to understand the effect of beehive type on honey production in Miombo woodland and Itigi thicket within the same district in Manyoni by examining the type of beehive used, to determine quantity of honey productivity per each beehive type and to assess the effect of forage species on honey productivity.
1.4
Objectives of the Research
1.4.1
Main Objective
The main objective of this study was to study the effect of beehive types and forage species on honey production in Manyoni District.
1.4.2
Specific Objectives
(i) To examine the types of beehives used by beekeepers for honey production in Manyoni district.
(ii) To determine quantity of honey produced per each beehive type per year.
(iii) To assess effect of forage species on honey productivity.
1.5
Research Questions
(i) What are the types of beehives used for honey production in Manyoni district?
(ii) What is the quantity of honey produced per each beehive type per year?
(iii) What is the effect of forage species on honey productivity 
1.6
Significance of the Study
This study aims to assess effect of beehive type on honey production. The finding from this study will contributes to knowledge to beekeepers in identifying and selecting the most effective and sustainable beehive design for honey production in their locality, thereby improving the beekeeping sector in Tanzania. This knowledge can inform policy by guiding investments in beekeeping technology and extension services that promote the adoption of improved beehive systems. The study also provides theoretical frameworks for understanging the complex interactions between beehive design, bee colony health and honey production.
Furthermore, identification of suitable beehive types, the determination of the quantity of honey to be produced from each beehive type, and the assessment of forage species on honey productivity will also benefit policymakers, researchers, and organizations involved in beekeeping development programs to allocate resources to promote the adoption of improved beehive system that are more productive and sustainable, develop extension services to provide knowledge and skill to increase honey production, to promote market access for beekeepers and addressing market failure through adoption of improved beehives and produce high quality honey. It will provide them with essential information on production potential, enabling them to modify strategies more effectively.
1.7
Scope and Delimitation of the Study
The study is about effect of beehive type on honey production and how forage species contributes to honey production. The study collected information from beekeepers in Mwamagembe village Land Forest Reserve (MVLFR) and Aghondi bee reserve (ANBR) under Tanzania Forest Services Agency (TFS) in Manyoni district. Secondary data was collected from districts Beekeeping manager. Using the area of study to represent the entire country introduced bias because of the variation in beehive types used, which may not be found in other areas within the country, potentially leading to different production potentials. As the study was conducted in Manyoni, the findings may not necessarily align with beehive productions in other districts of Tanzania.
1.8
Limitations of the Study
The limitation of this study was that some beekeepers were not ready to respond due to the fact that they are always asked information with no feedback from the researchers. In the Aghondi National Bee Reserve (ANBR), there is no accurate data recording and storage mechanism, thus causing the researcher to lack reliable estimated data to justify the prediction of the current situation on beehive production. The researcher addresses data inaccuracies in beehive production by employing validation and verification techniques and incorporating error detection and correction methods through error detection, data cleaning and transformation. Also, statistical analysis was used to account for potential inaccuracies. Research clearance was requested from the University so that the beekeepers were well informed by their authority about the necessity of the research to be conducted on their area. 
1.9
Organization of the Study

Chapter one of this study introduced the background of the study, statement of the research problem, the objectives of the research, research question, the significance of the study, scope and delimitation of the study and limitation of the study. Chapter two presents a review of literature and relevant researches associated with the problem addressed in this study. The study is reinforced by literatures from different researchers from within and outside the country. Chapter three presents the research methodology that was used in this study and which comprises the research approach, research design, and description of the study area, study population, sample size and sampling techniques, data collection methods, data analysis and presentation, quality contro of data, ethical consideration. Chapter four presents research findings.Chapter five presents discussion of the findings. This is followed by chapter six which summarize the findings, conclusion, recommendations and areas for future studies.

CHAPTER TWO
LITERATURE REVIEW
2.1
Introduction
This part presents the theoretical and empirical literatures relevant on effect of beehive type on honey production. It includes conceptual definitions of key terms, theoretical review and empirical literature review, conceptual framework and research gap.
2.2
Conceptual Definition
2.2.1
Honeybee
Honeybee (tribe Apini) is any of small group of social bees that make honey. Honeybee is commonly applied to single species, Apis mellifera. Bees (Apoidea) constitute a super family comprising about 20,000 species within the order Hymenoptera encompassing a diverse range of wasp and bees, including the Apidae, which includes bees. Honeybee colonies are typically managed in hives. This management approach enables beekeepers to utilize these colonies to produce honey, wax, royal jelly, propolis, and pollen (Formato et al., 2015).
2.2.2
Beehives
Beehives are fascinating structures that play a crucial role in the lives of honeybees. These enclosed environments serve as nests where bees build their homes, raise their young and store food. A beehive typically consists of several key components, including the brood chamber, supers, and honeycomb. The brood chamber is where the queen bee lays her eggs, and the worker bees care for the developing larvae. The honeycomb, structured like hexagonal cells, serves multiple purposes. It is not only a nursery for young bees but also a storage area for honey and pollen. Currently, there are numerous designs of beehives with different production potentials and efficiencies for beekeepers (URT 2021). The basic design of hives must be adequate to meet the important parameters like energy conversion, indoor air quality, water management, thermal insulation, and ventilation (URT 2021). 
Good beehive design offers adequate hive volume and makes management easier for the beekeeper. In the absence of management, hive design will not by itself alter honey yields. The choice of better hive type must be based on the cost and availability of material in relation to local honey potential, which vary according to geographical location and character bees. The increased demand for honey productions in the worldwide over the years stimulate the need of high honey yielding beehives. However, the accessibility of modern beehives remains a significant challenge for many beekeepers in Africa. As a result, scientists are still struggling to improve hive types, which will increase production (Kasangaki et al., 2014).
2.2.3
Type of Beehives
There are different types of hives used to keep honeybees, ranging from traditional hives such as clay pots, reed baskets, tree barks, and hollowed logs, to movable comb hives (Top Bar and Frame Hives) often referred to as box hives (URT, 2021). The most common movable comb hives used in Tanzania include the Tanzania Top Bar Hive (TTBH), Kenya Top Bar Hive (KTBH), Tanzania Commercial Hive (TCH), and Langstroth (frame hive) (URT, 2021).
The modern beehives, which are synonymous called appropriate beehives are beehives with proper measurements based on research findings (Wawa et al., 2022, Cramp 2008). The Tanzanian government’s promotion of a specific beekeeping category via the Ministry of Natural Resources and Tourism (MNRT) highlights a strategic approach to environmental conservation which improves honey yield (quality and quantity) and improved ecosystem health (URT 2021).
In Tanzania beekeeping is carried out using both traditional and modern methods (URT 2021). The dominance of traditional beehives including log and bark hives, which comprise approximately 95% of all beehives in the country, reflects a profound historical context and cultural significance (Wawa et al., 2022, Mwakatobe and Mlingwa 2005).
The choice of beehive type for use depends on availability, government policies, ongoing research and nature of hive products to be produced. The cheap hive type, easy to manipulate, high yielding and environmentally friendly are highly recommended worldwide due to challenge of inputs acquisition especially hives in the developing countries (Kasangaki et al., 2014).
2.3
Theoretical Review
2.3.1
Malthusian Theory of Population
The Malthusian Theory of Population (Malthusianism) was advocated by Thomas Robert Malthus. The theory states that the human population increases geometrically, while food production increases arithmetically. Malthus observed preventative checks and positive checks that limited population growth in line with the growth of food supply (resources).
Preventative checks, such as moral restraints including abstinence and delay marriage, which reduced the birth rate; positive checks increased the death rate. The positive checks, leading to premature death, included factors such as disease, starvation, and war, resulting in what is called a Malthusian catastrophe.
The study by Khoury (2013), observed that the interactions between food and population dynamics in a beehive are quite complex. The interplay between food availability and colony demographics is a cornerstone of social insect ecology. The size of the foraging workforce directly impacts the amount of food entering a colony. 
A larger foraging force can collect more food, leading to increased resources for brood rearing and colony growth. Conversely, a scarcity of food can limit colony expansion by reducing the resources available for raising new individuals, including future foragers. This simple relationship, however, belies a complex interplay of factors that regulate colony population dynamics.
2.3.2
Theory of Change in Mand Evaluation

The theory of change  (ToC) popularized by Carol Weiss is a strategic tool that guides organization in designing and assessing social change initiatives by clearly linking actions to desired impacts through a tested casual logic. This is a comprehensive and logical representation of how and why a specific change is expected to happen. By identifying the cause and effect relationship between activities and results, a theory of change enables stakeholder to grasp the bigger picture and align their efforts accordingly.

The theory of change contains several vital components, including the inputs or resources invested in the project, the activities commenced to create changes, the output or direct product of these activities and the outcomes that emerge from these outputs. Furthermore, it reflects the assumptions underlying the process and addresses potential risk that might deter progress. The theory of change is critical for setting objectives, identifying targets, and designing intervention. The real magic happens when monitoring and evaluation come into performance. Monitoring involves systematic collecting data throughout the projects while evaluation analyses this data to assess progress and effectiveness. Effective monitoring and evaluation allow project managers to track the projects, detect deviation from the planned course and make informed decision to keep it on track.
The study by Berkaya et al (2021) introduced a deep learning classification models for beehive to monitoring. This model utilizing computer models to identify the types of beehive present based on visual cues, like image of the hives or audio recording of the colony. This model can be used for various purposes, such as classifying hive health, monitoring colony condition, identifying beehive types such as top bar or langstroth, or even identifying the types of honeybee species present. Different hive design have different strengths and weakness, so understanding the hive type can help beekeepers choose the best management strategies, detecting invasive species and regulate infestation. Therefore, classification and identification of beehive type is very important in planning, monitoring and evaluation programs or policies through understanding how changes improve strategies and promote beekeeping and hence increase productivity.
2.3.3
A Theory of Production
A theory of production was developed by Charles Cobb and Paul Douglas. The theory explains about production, or the economics of producing outputs from the inputs. Production is a process of combining various material inputs and immaterial inputs in order to make something for consumption. The theory explore how firms transform inputs (such as labor, capital and material) into outputs (good and services). In order to increase production, the theory advocate on optimizing efficiency by streamlining workflows, addressing bottlenecks, and reducing downtime. Investing in technology, training employee and implementing preventive maintenance can also significantly improve production capacity.
Honey production directly relates to the theory of production by demonstrating how inputs are transformed into valuable outputs. In honey production, input like floral resources (nectar and pollen), beekeeping practices, and bee colony itself combined to yield honey, the product. This process aligns with the theory of production, which examines how inputs are combined to maximize output. 

Honey productions face several constraints that limit the performance of the bee colony and lead to low yield. Some constraints include anthropological activities like farming and casual burning (Melhim et al., 2010; ITC, 2015), poor management of the bee colony (Al-Ghamdi et al., 2017a), and climate change (Melhim et al., 2010). Other factors are bee species (Hilmi et al., 2012), colony absconding and swarming (Kinati et al., 2012; Birhan et al., 2015), drought (Guyo and Solomon 2015), shortage of bee forage and rainfall (Abebe & Ranjitha, 2011; Birhan et al., 2015). Also, the death of colonies and reduction of honeybee colonies (Abebe and Ranjitha, 2011), low plant species richness (Kimaro et al., 2013), and low occupancy rate (Tutuba and Vanhaverbeke, 2018) and the type of beehive used (Kuboja et al, 2021).
2.4
Empirical Literature Review
2.4.1 
Types of Beehives and their Productios

A beehive comes in various stayle, each designed for specific needs and preference. Understanding these types aids beekeepers in choosing suitable option for their practices. Beehives have been used as one of the indicators of management type and intensity in beekeeping. The most traditional hives are made almost exclusively from forest products and with little labour cost. Gradually the types of hives have changed and the most modern hives use complex materials, skills and higher labour costs.
Honey productions differ due to agro-ecological suitability, water availability, beehive types, flora quality and availability, and level of awareness of the beekeepers for colony management. Nyunza (2018) reported that, in Manyoni district of Tanzania, beekeepers harvest between 3 to 6 kg per hive and between 8 to 15 kg per hive for traditional hives and modern hive respectively. 
Kuboja et al, (2017) observed higher productivity of improved beehive (litres of honey/hive) than that of traditional beehive in Tabora and Katavi regions. However, noted the variability of production among adopters with improved beehive; for instance adopters in Katavi region recognized higher productivity (14.29 litres of honey/hive) than those in Tabora region (11.1litres of honey/hive). Even beekeeper who exclusively used traditional beehives (non-adopters of improved beehives) in Katavi region recorded higher productivity of honey (i.e. about 8.98 litres /hive) than their counterparts in Tabora region who recorded 6.91litres/hive. 

2.4.2
Factor for Choosing Beehives
Beekeepers must choose beehive options that suit their interests. The choice of beehive type to use involves policy restrictions and financial implications to the beekeeper (Kasangaki et al., 2014). There are several factors that account for different beehives used in different localities in the world and there is no factor on its own that can account for high use of a given beehive type in each region/country. Many factors can occur simultaneously, and some influence one another in various domains including:
Availability of materials for construction: The type of beehive used depends on materials in an area. In many rural areas of Tanzania for example, traditional beehives are made using different materials depending on availability. For instance, in the places where wood/ timber is relatively scarce the use of tree bark beehives is predominant (Praveenkumar and Kandibane, 2021)
Cost of the materials: Beehive construction costs vary depend on type of hive, material used and construction methods. The cost of moving materials for beehive construction might change from one area to another. However, there are other areas where timber is in very short supply or extremely expensive. Therefore, other methods of hive construction must be considered (Kasangaki et al, 2014). 
The honeybee race significantly influences various aspect of a beehive, impacting its performance, productivity and overall health. Different races exbit variations in temperament, foraging behavior, disease resistance, and honey production; affecting the hives structure, size snd resilience (Tesfa and Kasa, 2019). Some materials are attractive to honeybee races for example Apis cerana seems to be readily attracted to clay pots (Kasangaki et al, 2014). This promotes high colonization rates that are vital for high yields.
Purpose of beekeeping: The purpose of beekeepig is to manage bee colonies for various products and services, significantly impacts beehives by influencing their structure, health, and overall well-being. Beekeeping practices, driven by honey production or objectives, can either support or hinder the natural lifecycle and stability of a beehive (URT, 2020). Langstroth beehives are more useful if the beekeepers’ intentions are to produce only honey and if they want beeswax as well, they shall require top-bar hives or traditional hives (Kasangaki et al, 2014).
Government policies: Government policies can greatly influence the choice of beehive used in a country since beekeeping extension programs can be shifted to favor a given hive type. In addition, government policies can significantly impact beehives through regulations, funding and environmental protections. In some countries, certain types of beehives are not allowed, especially where there are bee diseases. For example, In Tanzania, The Beekeeping Act of 2002 outlines the legal framework for beekeeping including provision of registration, inspection and the establishment of beekeeping zones (URT, 2002).
2.5
Forage Species for Honey Production
Honey production and other honeybee products depend on the availability of floral resources (nectar and pollen). Bees use these vital components in the honey-making process (Hoover, 2018). The diversity of plants that serve as forage resources for bees is massive and influenced by factors such as flower shapes, abundance and the quality and quantity of nectar and pollen (Venjakob et al, 2022). These differences can impact honey bee foraging behavior, colony health and the overall production of honey (Somme et al, 2015). Because quantity and quality of nectar and pollen tend to fluctuate among plants species, it’s critical to recognize and preserve key plants species for effective bee foraging and honey production in specific regions (Decourtye et al, 2010). However, presently, abuse of honey and pollen source plants in the environment, through significant deforestation has led to a shortage of bee forages, threatening life on earth in general and in the study area in particular (Seitz et al, 2020).
In beekeeping, understanding types of trees of valuable for bees, identifying melliferous nectar/pollen producers, knowing when they flower, determining which ones produce higher quality honey, and learning how to manage and improve them is equally important. It is estimated that about 111 plants are used as food source for honeybees (Kayombo, 2013).
2.6
Conceptual Framework
The figure 2.1 is a conceptual framework showing the production of honeybee as the dependent variable. The production of honey and other bee products depend on various potential opportunities, such as good forest coverage/flora, beehive type, location or local weather, honey race, government policies, colony health, bee density, colony manipulation, purpose of beekeeping and the availability of construction materials or the demand for natural honey in the world. On the other hand, proper interventions, such as capacity building, choosing suitable beehives, increasing the number of beehives, and government intervention, will enhance the production of honey and other bee products in Tanzania.
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Figure 2.1: Conceptual Framework

Source: Field Data, (2024)
2.7
Research Gap
Tanzania has the potential to produce 138,000 tons of honey, but the current annual production is 31,405 tons. The plan is to increase production to 60,000 tons by 2025 (URT, 2021). The low honey productivity in the country is due to the traditional production system (URT, 2021). Approximately, 95% of the hives used in the country are traditional (Wawa et al., 2022). Also, shortage of fodder affects productivity due to lack of sufficient nectar and pollen from plants, which are the main sources of honey. Moreover, the decline in fodder leads to a decrease in the size of the colony since bees will be controlling food, and hence the queens reduce the laying rate. If the fodder problem persists, the colony migrates. The present gap calls for a study to assess the effect of beehive type on honey productivity. The study provides an opportunity to experiment with productivity differences for the same colony in different hives and different fodder in different environmental conditions in the Manyoni district.
CHAPTER THREE
RESEARCH METHODOLOGY
3.1
Chapter Overview
This chapter presents study area, population, research design, research approach, data collection methods and instruments, sampling techniques, and data analysis methods.
3.2
Research Approach
This study used both qualitative and quantitative approaches. According to FHI (2005) qualitative research approach has an ability to provide complex textual descriptions of how people experience a given research issue. This approach is effective in obtaining culturally specific information about values, opinions, behaviors, beliefs, emotions, social norms, social economic status and or gender roles. Since qualitative is an explanatory method gave researcher chance for listening and drawing the right conclusion from the respondents and key informants. Through listening from the respondents, the researcher got a clear picture of the ongoing scenario. This study is mostly concerned with the explanation of event by involving a few variables, which allow in-depth study. The quantitative approach involves collecting and analysing numerical data so that statistical calculations can be made and conclusions drawn (Kothari, 2004). For this study data were coded and then analyzed through descriptive statistics. The output was recorded and presented in tables and percentage.
3.3
Research Design
A research design is the arrangement of situations for collecting and analyzing data with economy in procedure (Kothari, 2004). A good and well-organized design considers that the information met is reliable with study objectives and data are collected by accurate methods. Therefore, research design is developed to guide the researcher (Pandey, 2015). Certainly, this qualitative and quantitative study used descriptive design. Descriptive design is a type of research design that utilizes both quantitative and qualitative methods of research to collect data, to describe a phenomena, situation, or population (Akhtar, 2016).  Major methods of descriptive research design include observations, surveys, and case studies, normally explains phenomena as they exist, it is used to identify and obtain information on the features of a particular issue like community, group of people, and also it is used to study the current situations (Akhtar, 2016). Therefore, this study gained information from selected respondents and field survey. In the field survey sample plot were laid down to collect information.
3.4
Description of the Study Area
This study was conducted at Mwamagembe Village Land Forest Reserve (MVLFR) and Aghondi National Bee Reserve (ANBR) in Manyoni district, Singida Region (Fig. 2.2). Aghondi National Bee Reserve (ANBR) was declared to be a National Bee Reserve on October 19, 2005 and Gazetted through Government Notice (GN) No. 130 of 2019. It is owned by central government under care of Tanzania Forest Services Agency (TFS). 
The ANBR covers about 2,162 hectares (21.62 km²), located at −5° 76’S and 34° 71ʹN with range of altitude 1290m-1320m above mean sea level, 10 Km from Manyoni town Center along the Manyoni- Tabora railway line. The Bee reserve is bordered by Majengo Village in its East, Kashangu Village, Mbugani Village and Minene Swamp in its South, Aghondi Village in its west and Railway line lays the north side of Bee reserve. ANBR is floristically rich and dominated with Itigi thicket species, which includes Pseudoprosopsis fischeri and Combretum celastroides (www.tfs.go.tz).
Mwamagembe Village Land Forest Reserve is under management of Mwamagembe Village which located between −6° 46’S and 33° 73ʹN with the altitude of 1305m-1395m above mean sea level, at 180 Km west of the Manyoni Town. The forest land is located 5 km from village canter. The forest is west of Itulu Hill Nature Forest Reserve where in between are separated with Nkululu River, in other side the forest is surrounded by farms. The forest reserve covers a total of 500ha (50 Km2), and it is dominated by miombo woodland. The main purpose of this forest is for beekeeping and provision of ecosystem services. 
The area has three distinct seasons: a cool dry season from May to August, a hot dry season from August to November, and a rainy season from November through April. The Aghondi village with Itigi thicket has unimodal rainfall with annual mean rainfall of 624 mm and monthly temperature varies from 19°C in July to 24.4°C in November (Makero, 2017).
The average annual rainfall in Mwamagembe village varies from 500mm to 700mm and means annual temperature is 28oC (Makero, 2017). The study area falls in the semi-arid and arid zones of central Tanzania. Both zones are characterized by dry seasons and unreliable rainfall (Walsh, 2000). 
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Figure 3.1: Map of ANBR and MVLFR Showing the Study Area

3.5
Sampling Procedures
3.5.1
Study Population and Sample Population
According to NBS (2022), the population in the Manyoni district is about 495,016 people and has the population density of 10.26/km2 with a growth rate of 3.8 % per year. The purpose of selecting the study area is that, the area was reported to have diverse socio-economic activities, mainly cultivation, livestock and bee keeping (Tarimo and Mgumia, 2018). The latter can be considered a popular activity with honey and beeswax being an important source of household income to the village and the government. The sample population included beekeeping groups (100) and 6 key informants from TFS staff in Manyoni district who manage Aghondi National bee reserve.
3.5.2
Sample Size
This study used a sample size of 106 respondents which included 100 beekeepers from four groups namely Majaliwa groups, Miombo group and Maendeleo group who manage bees in MVLFR and 6 Key informants from TFS staff in Manyoni district who manage ANBR to collect social-economic data. The sampling size for MVLFR was obtained using a formula developed by Yamane (1973) formula that:
[image: image2.emf]
Where n = Desired sample size N= sampling frame/Population of the study; 1 = constant; and e = allowable error/precision of sampling error. 
According to NBS (2022), total number of respondents in Mwamagembe village is 18,144. That gives; n =18,144/ [1+18,144(0.1)2] =99.45 ≈100.The sample size was selected based on the level of precision, confidence level or risk available and the degree of variability of the attribute being measured.
On the other hand, forest inventory administered in both forests where at ANBR a total of 45 concentric plots equivalent to intensity of 0.15% of 2,162 ha of forest area, were laid out at the distance between plots was 700m and transect distance was 700m while in MVLFR a total of 24 plots were laid out at an interval of 400m between transect and same distance for plots distance. The sampling intensity of 0.3% of 500ha equivalents to 24 plots were adopted in this forest. Hamza (2004) recommended sampling intensity within a range of 0.5% to 0.7% for tropical natural forest inventories. However, according to Malimbwi and Mugasha (2002) and Malimbwi et al. (2005), it suggested that financial and time constraints and purpose of the forest inventory may dictate the sampling unit to be as low as 0.01%.
3.5.3
Sampling Techniques
During socio-economic survey as one of the most important sources of statistical data, a researcher employed a purposive sampling technique was applied to select beekeepers who were interviewed from the sample size. Purposive sampling procedures were used to select 100 household/beekeepers from 3 groups who keep bees and 6 Key informants from ANBR. This procedure was used purposely to enable researcher to face and explore information from group of people with different understanding, experience and vision in beekeeping to fetch information regarding house hold characteristics, types of beehives used by beekeeper and production capacity of each beehive types as well as the opportunities, challenges and possible solutions on beekeeping activities.
During forest inventory, the systematic sampling design was adopted in ANBR and MVLFR to determine the plant species diversity and their composition using a circular shaped plot. Circular shaped sample plots were adopted because they are easy to use; they reduce edge effects in the samples and minimize counting errors during inventory of border trees (Packalen, 2022). The sample plot was divided into four radii of 2m, 5m, 10m and 15m. The information that was recorded from each sample plot includes: Within 2m radius all seedlings with <1 cm diameter was counted, identified and recorded. Within 5m radius all saplings with > 1 cm dbh but < 5m diameter were identified, measured and recorded. Within 10m radius all young trees with ≥ 5cm dbh but < 20cm dbh were identified, measured and recorded. Within 15 m radius all adults’ trees with dbh ≥ 20 cm were measured, identified and recorded. Elevation and location of each plot were recorded using GPS (Gps-Map 64s). The advantages of using a systematic sampling design include better distribution of sampling units, improved planning, and the reduction of biased samples and poor survey results (Sayed and Ibrahim 2018). 
3.6
Data Collection Methods
Data of this study were collected by using interview with structured questionnaire, and direct observation. In addition, field survey and key informant interviews were used to get information of the beehive type available in Manyoni and amount of production of honey from the beehives in Manyoni.
3.6.1
Questionnaire
According to Kothari (2004), the questionnaire includes total number of questions through printed-paper for submitting to the respondents. This was the method of collecting and gathering information from the respondents by using a structured questionnaire. Questionnaires were administered to the beekeeping groups in MVLFR.
3.6.2
Interview with Key Informants
Key informant interviews involve collection of in-depth information with people who know what is going on in the community. The purpose of key informant interviews was to collect information from proffesionals with knowledge and skill in beekeeping activities in the study area. Key informant interviews can be conducted by telephone interviews or face-to-face interviews. The key informants for this study were conducted with beekeepers from TFS staff who manage ANBR through face to face interview. Key informant interviews aimed to collect data on beekeeping activities including; type, numbers of beehives available, potential of honey production, production capacity for each beehives type per harvest and per site, blooming period, frequencies of harvest, flowering time, and fodder plants for bees.
3.6.3
Forest Inventory
In both forest (ANBR and MVFLR) with the aid of local people helped to locate the position of beehives. The information collected were GPS coordinates for each beehive or group of beehives located in the same area, identification of beehive type, and occurance of forage species.
3.6.4
Direct Observation 
Direct observation data collection method is the method of collecting and evaluative information in which researcher watches the subject in his or her usual environment without altering that environment. Observational research findings are considered strong in validity because the researcher is able to collect a depth of information about the problem studied. This technique was applied because it often overcomes the problem of external validity. The researcher observed beekeeping activities, type of beehives, place where beehive kept and availability of forage species in both MVLFR and ANBR forest and beekeeping reserve respectively. Both descriptive, and or imagery information were collected which were very constructive in this study.
3.7
Data Analysis
3.7.1
Social Economic Data
The collected field data were cleaned in order to make any necessary corrections of errors that could have occurred during recording. The Statistical Package for Social Science (SPSS) computer program was used to analyze data like household characteristics, number of beehives owned, type of beehive identified, forage species and amount of honey harvested per hives.
3.7.2
Forest Inventory
The collected data was analyzed for species richness and diversity using Microsoft Excel spreadsheet. The Importance Value Index (IVI) was computed for each species using appropriate formulas developed by Kent (2012): 
Relative frequency (RF) =frequency of occurrence of a species x100
                                           Frequency of occurrence of all species 
Relative Density (RN) = Number of individuals of a species x 100 
                                           Number of individuals of all species
Relative Dominance (RD) = Basal area of a species x 100
                                             Total basal area of all species
The Species diversity was computed using the Shannon-wiener diversity index (H’) (Kent 2012): 
 H’= [image: image4.emf]
The index of dominance (ID) is the measure of the distribution of individuals among the species in a community. This index is also called Simpson index of diversity and is equal to the probability of picking two random organisms that are of different species. The greater the values of dominance index, the lower the diversity in the community and vice versa. This index was calculated as follows;
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Where; 
ID=Index of dominance
ni=Number of individuals of species in the sample.
N= Total number of individuals of all species in the sample 
∑=summation symbol. 
Species dominance was computed as the percent proportion of the IVI for each species in relation to the total IVI for all species.
3.8
Quality Control of Data
3.8.1
Validity
The study used data collection instruments, including questionnaires, face-to-face interviews, direct observation, and ecological surveys to ensure effective data collection and the validity of the data. The use of a quantitative approach helped to demonstrate validity and open new perspectives on the topic under investigation. To ensure the validity of the collected data, the variables and tools were tested to ensure they aligned with the study's requirements.
3.8.2
Reliability
Data reliability is a crucial foundation for building data trust across the organization and is one of the main objectives of data integrity initiatives. These initiatives are used to maintain data security, data quality, and regulatory compliance. The research methods needed to produce consistent results should not be influenced by external factors. To achieve this, a strong research design was created, appropriate methods and samples were chosen, and the research was conducted carefully and consistently in order for the data to be reliable and valid. Research assistants were employed and selected among the beekeepers from the district to assist the researcher in data collection.
3.9
Ethical Considerations
The written permission to conduct this study was sought and obtained from Tanzania Forest Services Agency (TFS), Manyoni District council as well as from the Faculty of Arts and Social Sciences (FASS), Department of Geography, Tourism and Hospitality Services of the Open University of Tanzania (OUT).
Furthermore, the consent of the respondents was discussed verbally before involving them in the research. The respondents were given a short brief about research objectives and how they are going to benefit from the research. The assurance was given to them about the confidentiality of the information, which was collected from them based on the recorded permission. Information from respondents was used only for the purpose of this study.
CHAPTER FOUR
PRESENTATION OF FINDINGS
4.1
Chapter Overview
The chapters present findings. The findings are in line with study objectives, which are to examine the types of beehives used by beekeepers for honey production, to determine quantity of honey produced per each beehive type per year and to assess effect of forage species on honey productivity.
4.2
Socio-demographic Characteristics of Respondents
The study results (Table 4.1) showed that, out of 100 sampled households, 33 (33%) respondents were females, while the remaining 67 (67%) were males. The study findings further indicate that 82% of the respondents had primary education, 13% had certificate level and 5% had secondary education.
Table 4.1: Sex, Education Status, Age Groups

	Demographic Variables
	Categories
	       N
	                   Percent (%)

	Sex
	Male
	67
	67

	
	Female
	33
	33

	Educational Status
	Primary
	82
	82

	
	Secondary
	5
	5

	
	Certificate
	13
	13

	Marital Status
	Married
	77
	77

	
	Single
	15
	15

	
	Divorced
	4
	4

	
	Widow
	4
	4

	Age groups
	18-34
	32
	32

	
	35-64
	59
	59

	
	64-70
	9
	9

	Source: Field Data, (2024)
	
	
	


Also, the finding shows that the majority (59%) of beekeepers were within the age group of 35 - 64 years; followed by (32%) of beekeepers who were in the age group of 18 – 34 years. The rest of the beekeepers are in the dependent category (above 64 years) who accounted for 9% of the population.

4.3
Types of Hives used by Beekeepers for Honey Production in Manyoni District
The study results (Table 4.2) showed that beekeepers in MVLFR keep only traditional beehives and in ANBR keeps only modern beehives. A total of 1,788 beehives grouped into two category namely traditional hives (bark hives) 452 (25.3%) and modern (top bar hives) 1,336 (74.7%) from MVLFR and ANBR respectively were identified in the study area.
Table 4.2: Types of Beehives used by Beekeeper for Honey Production

	Type of beehives
	Number of beehives
	Percentage (%)

	Traditional (Bark hives)
	452
	25.3

	Modern (Top bar hives)
	1,336
	74.7

	Total
	1,788
	100


Source: Field Data, (2024)
Furthermore, during field inventory in the two study areas, two hive types were identified, which are traditional (bark hives) (Figure 4.1) and modern hives (top bar hives) (Figure 4.2). Modern hives are hives that indicate the use of frame-hives and accessories. It contains bottom boards, boxes encompassing frames for brood and honey, and an inner cover and top cap providing shelter from the weather (Figure 4.2). Traditional hives are hives that are constructed from locally available materials by implementing indigenous knowledge and the experience of honey production.
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Figure 4.1: Traditional Beehives (Bark Hives) in Mwamagembe Village Land Forest Reserve
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Figure 4.2: Modern Beehives (Top Bar Hives) in Aghondi National Bee Reserve

The traditional hives (bark hives) are obtained from peeling the pliable bark off a tree and allowing it to reform into its natural cylinder shape, then pegging the overlapping edges together. Both ends are closed using a circle of bark or wood and the hive is allowed to dry before hanging in a tree to attract a swarm of bees (Figure 4.3).
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Figure 4.3:  Debarking and Cutting Down Trees for Log or Bark Beehive Construction

4.3.1
Hives Owners and Vegetation Type
The study results (Table 4.3) showed that all traditional beehives (bark hives) found in MVLFR are managed by villagers who organized themselves into three groups namely Majaliwa group (213), Maendeleo group (142) and Miombo group (97) and kept their hives in the miombo woodland. In addition, the study result in (Table 4.3) showed that modern hives (top bar hives) which are found in ANBR are distributed into four areas namely Aghodhi (409), Kilinga (519) and Msemembo (264) found in Itigi thicket and 144 beehives are located in Mwamagembe in miombo woodland and both are managed by TFS within Manyoni District.
Table 4.3: Beehive Types, Hives Owner and Vegetation Types

	Vegetation
	Owner
	Beehive types (%)

	
	
	Traditional hives 
	Modern hives

	Miombo woodland
(MVLFR)

	Majaliwa group
Miombo group
Maendeleo group
Mwamagembe (TFS)
	213
97
142
0
	0
0
0
144

	Itigi thicket
 (ANBR)
	Aghodhi (TFS)
Kilinga (TFS)
Msemembo (TFS)
	0
0
0
	409
519
264

	Total
	
	452 (25.3%)
	1,336 (74.7%)


Source: Field Data (2024)
4.4
Quantity of Honey Produced per Beehive Type Per Year
The study results (Table 4.4) showed that, TFS (ANBR) harvested 4092.24kg of honey from 639 modern hives (top bar hives) with average of 6.4 kgs per hive per year. The results also show that, out of 1, 336 beehives kept in ANBR, 952 hives were colonized by bees and 384 hives were uncolonized. Among 952 colonized hives, only 639 hives produce honey while 313 hives the bees was either absconding or migrated. Therefore, only 639 (48%) hives were harvested and 697 (52%) hives were not harvested in ANBR. 
Table 4.4: Average Honey Production for Modern Beehive in ANBR (TFS)

	
	
	
	
	
	
	
	Bee produces harvest

	Station
	Range/

Apiary
	Total

Hive
	Colonized
	Uncolonized
	No. of hive

Harvested
	Raw honey/Kg
	Honey/KG
	Average honey harvest  per hive/yr

	ANBR
	Aghondi
	409
	250
	159
	235
	2,689
	1,865.30
	7.93

	
	Msemembo
	264
	258
	6
	89
	1,337
	922.93
	10.4

	
	Kilinga
	519
	412
	107
	305
	1,828
	1261.9
	4.14

	
	Mwamagembe
	144
	32
	112
	10
	61
	42.11
	4.21

	Total
	
	1336
	952
	384
	639
	5,915
	4092.24
	6.4


Source: Field Data, (2024)
Furthermore, the results in (Table 4.5) showed that, the villagers in MVLFR harvested 520 kg of honey from 180 traditional beehives (bark hive) with average of 2.9 kg per hive per year. The results also showed that, out of 452 hives, 246 hives were uncolonized and 206 hives were colonized by bees. From the colonized hives, only180 hives were harvested and 26 hives were unharvested. Therefore, in MVLFR, about 272 (60%) hives were unharvested and only 180 (40%) hives were harvested to produce honey.
Table 4.5: Average Honey Production for Traditional Hive in MVLFR

	
	
	
	
	
	
	
	Bee produces harvest

	Station
	Range/

Apiary
	Total

Hive
	Colonized
	Uncolonized
	No. of hive

Harvested
	Raw honey/Kg
	Honey/KG
	Average honey harvest per hive/yr

	ANBR
	Majaliwa
	213
	74
	139
	70
	294
	244
	3.5

	
	Maendeleo
	142
	69
	73
	60
	221
	153
	2.6

	
	Miombo
	97
	63
	34
	50
	157
	123
	2.5

	Total
	
	452
	206
	246
	180
	634
	520
	2.9


Source: Field Data, (2024)

In addition, the study results (Table 4.6) showed that, TFS harvested only 61 kg of honey from 10 modern hives in miombo vegetation (MVLFR) with average honey production of 4.21 kg per hive per year and the villagers harvested 520 kg from 180 traditional hives in MVLFR with average of 2.9 kg of honey per hives per year.
Table 4.6: Average Honey Production between Traditional Beehive and Modern Beehives in Miombo Woodland

	
	
	
	
	
	
	
	Bee produces harvest

	Vegetation
	Hive types 
	Total Hive
	Colonized
	Uncolonized
	No. of hive

Harvested
	Raw honey/Kg
	Honey/KG
	Average honey harvest per hive/yr

	Miombo woodland
	Modern hives
	144
	32
	112
	10
	61
	42.11
	4.21

	Miombo woodland
	Traditional
	452
	206
	246
	180
	634
	520
	2.9


Source: Field Data, (2024)

4.5
Effect of Forage Species on Honey Productivity
4.5.1
Species Richness and Composition
The inventory study conducted in ANBR (Appendix 1) showed that, a total of 48 species with 16 plant families for both adults (dbh ≥5 cm) and regenerants (dbh <5 cm) were identified. The family fabaceae contributed about (29%) with 14 species to the total number of species, followed combretaceae family (13%), rubiaceae family (13%), burseraceae family (10%) and anacardiaceae family (8%). About 75% of all species were shrubs and 15% were trees. The adult has a total of 42 species and 13 plant families (Appendix 2). Regenerants compose a total of 29 species with 13 plant families (Appendix 3).
In addition, the inventory study conducted in MVLFR (Appendix 4) showed that, a total of 65 species with 23 plant families for both adults (dbh ≥5 cm) and regenerants (dbh <5 cm) were identified. The family fabaceae contributed about (37%) with 24 species to the total number of species, followed by family combretaceae (9%), burseraceae (6%), rubiaceae (6%) and malvaceae (5%). Shrub contribute about 74% of all species and tree have 16% of all species. The Adults (individuals with dbh ≥5 cm) compose a total of 50 species within 19 plant families (Appendix 5). The regenerants (all individual with dbh <5 cm) compose a total of 50 species within 20 plant families (Appendix 6).
4.5.2
Species Diversity
The inventory results (Appendix 3 and 4) conducted in ANBR showed that, the Shannon-Wiener diversity indices for large individuals (Dbh ≥5cm) and small individuals (Dbh <5cm) were 3.04 and 1.24 respectively.  The Simpson diversity index for large individuals was 0.07 and that of small individuals was 0.48, The Index of dominance (1-D) for large individuals was 0.93 and for smaller individuals was 0.52, while index for evenness or equitability (J) were 0.81 for large individuals and 0.37 for smaller individuals. The following species had the greatest contribution to the Shannon-Wiener diversity index of large individuals (Dbh ≥5cm) Craibia brownii Dunn (0.28), Julbernardia globiflora (Benth.) Troupin (0.25), Combretum celastroides Welw.ex M.A. Lawson (0.22), Dichrostachys cinerea (L.) Wight & Arn (0.20) and Commiphora edulis (Klotzsch) Engl. (0.18) (Appendix 3). Meanwhile, for smaller ones (Dbh <5cm) the greatest contributions were found for Combretum celastroides Welw. ex M.A. Lawson (0.32), Pseudoprosopis fischeri Harms (0.27), Vepris nobilis (Delile) Mziray (0.10), Craibia brownii Dunn (0.09) and Dichrostachys cinerea (L.) Wight & Arn (0.07) (Appendix 4).
Combretum celastroides Welw.ex M.A. Lawson was the most frequent occurrence species with 33% of all plots for large individuals (Dbh ≥5cm) followed by Dichrostachys cinerea (L.) Wight & Arn (18% of all plots), Cassipourea mollis (R.E.Fr.). Alston (13 of all plots) and Commiphora edulis (Klotzsch) Engl. (13% of all plot) (Appendix 3). While for small individuals (dbh <5cm) the most frequent were Pseudoprosopis fischeri Harms (67% of plot), Combretum celastroides Welw. ex M.A. Lawson (62% of plot), Vepris nobilis (Delile) Mziray (31% of plot) Afrocanthium burttii (Bullock) Lantz (24% of plot) and Haplocoelum foliolosum (Hiern) Bullock (16% of plot) (Appendix 4). 
The Importance Value Index (IVI) for large individuals (Dbh ≥ 5cm) shows that Combretum celastroides Welw. ex M.A. Lawson (69.86) was the most important specie in ANBR followed by Dichrostachys cinerea (L.) Wight & Arn (25.72), Cassipourea mollis (R.E.Fr.) Alston (14.73), Julbernardia globiflora (Benth) Troupin (13.86) and Commiphora edulis (Klotzsch) Engl (13.73) (Appendix 3). However, for regenerants (all individuals with dbh <5) the important species were Pseudoprosopis fischeri Harms (118.74), Combretum celastroides Welw. ex M.A. Lawson (66.05), Vepris nobilis (Delile) Mziray (20.88), Afrocanthium burttii (Bullock) Lantz (14.3) and Dichrostachys cinerea (L.) Wight & Arn (10.63) (Appendix 4).
In addition, the inventory results (Appendix 5 and Appendix 6) in MVLFR showed that, the Shannon-Wiener diversity indices for large individuals (Dbh ≥5cm) and small individuals (Dbh <5cm) were 3.16 and 3.35 respectively. The Simpson diversity index for large individuals was 0.07 and that of small individuals was 0.05, The Index of dominance (1-D) for large individuals was 0.93 and for smaller individuals was 0.95, while index for evenness or equitability (J) were 0.81 for large individuals and 0.86 for smaller individuals. 
For large individuals (Dbh ≥5cm) Julbernardia globiflora (Benth.) Troupin has great contribution to Shannon-Wiener index with H-value of 0.30 followed by Diplorhynchus condylocarpon (Müll.Arg.) Pichon (0.25), Bauhinia petersiana Bolle (0.24), Brachystegia manga De Wild (0.19) and Combretum zeyheri Sond (0.18) (Appendix 5). While, for smaller ones (Dbh <5cm) the greatest contributions were found for Julbernardia globiflora (Benth.) Troupin (0.22), Combretum molle (Klotzsch) Engl. & Diels (0.22), Brachystegia manga De Wild.(0.21), Combretum zeyheri Sond.(0.20) and Dichrostachys cinerea (L.)Wight & Arn (0.15) (Appendix 6).
The frequency of occurrence for large individuals (Dbh ≥5cm) showed that Julbernardia globiflora (Benth.) Troupin was most frequent with 63% of plot followed by Diplorhynchus condylocarpon (Müll.Arg.) Pichon (58 % of plot), Brachystegia manga De Wild (50% of plot), Combretum zeyheri Sond (42% of plot) and Combretum molle (Klotzsch) Engl. & Diels (29% of plot) (Appendix 5). While for small individuals (dbh <5cm) the most frequent were Julbernardia globiflora (Benth.) Troupin (54% of plot), Diplorhynchus condylocarpon (Müll.Arg.) Pichon (46 % of plot), Combretum molle (Klotzsch) Engl. & Diels (42% of plot), Combretum zeyheri Sond (38% of plot) and Strychnos potatorum L.f. (33% of plot) (Appendix 6).
For individuals with dbh ≥5cm Diplorhynchus condylocarpon (Müll.Arg.) Pichon have high Importance Value Index (40.57) followed by Julbernardia globiflora (Benth.) Troupin (30.7), Combretum zeyheri Sond (29.35), Brachystegia manga De Wild (19.49), and Bauhinia petersiana Bolle (17.85) were most important in the MVLFR. In other side Julbernardia globiflora (Benth.) Troupin (29.7), Diplorhynchus condylocarpon (Müll.Arg.) Pichon (24.18), Combretum molle (Klotzsch) Engl. & Diels (19.68), Combretum zeyheri Sond (19.24) and Bauhinia petersiana Bolle (18.26) were most regenerants species due to their high Importance Value Index.
CHAPTER FIVE
DISCUSSION OF THE FINDINGS
5.1
Chapter Overview
This chapter focuses on the discussion of the findings based on the three specific objectives of the study.
5.2
Socio-demographic Characteristics of Respondents
The results (Table 4.1) showed that in MVLFR, beekeeping was practiced by 67 (67%) males and 33 (33%) females. Beekeepings are done in forest reserves which are far from the homesteads. Only few women participate in beekeeping activities because of long distances travel. Furthermore, females were less involved in beekeeping because the activity involves tree climbing when hanging beehives and harvesting honey of which, according to African culture, is not suitable for females (Kuboja et el, 2017). Even though women’s participation in beekeeping stands at 33% compared to men’s 67%, this represents promising progress, challenging traditional gender roles and highlighting the potential for increased female involvement. The disparity in participation reflects deeply rooted cultural beliefs. 
In many regions, beekeeping is considered a male profession due to its perceived physical demands and cultural norms. Lifting heavy hives and managing aggressive bees are often cited as reasons why women are deemed less suitable. These traditional beliefs are reinforced through social structures and generational practices, limiting opportunities for women to enter and succeed in this field. The impact of the gender imbalance in beekeeping is multifold. Firstly, it limits the potential for economic empowerment of women. Secondly, it restricts diversity of approaches and innovation in the field. Finally, the limited participation of women undermines the sustainability of the beekeeping industry itself. The results was in line with traditional beliefs of the area that beekeeping activities are men’s job due to physical and cultural reasons, which actually might not hold true if females get equal opportunity. 
Similar findings are reported by Abdullahi et al. (2014), who found the dominance of men in the beekeeping enterprise in Kaduna state, Nigeria. Women kept their hives below or under the tree due to the fact that they cannot climb the tree of which kept their hives susceptible to predator and thief who harvest their honey easily. Tessega, (2009) also described that involvement of women in beekeeping activities is very little mainly because of fear of bee stings and lack of experience. However, the study result indicated that the participation of women in beekeeping is better than the finding reported by Kuboja (2017) in Western part of Tanzania who reported only 2.2% of female participated in beekeeping practice compared to 97.8% of male in Tabora region. The traditional image of beekeeping is often associated with men. However, a significant shift is underway. Numerous initiatives now actively encourage women’s participation, recognizing their potential to contribute significantly to rural economies and food security. The practice creates additional job opportunity and source of income to women rather than remaining dependent to men’s.
The study findings further indicate that 82% of the respondents had primary education, 13% had certificate level and 5% had secondary education. This reveals that beekeeping in the study area is practiced most by people who have primary education. Mujuni et al., (2012) research emphasizes the critical link between knowledge acquisition and the successful implementation of modern beekeeping technologies. Without adequate training, even the most advanced equipment remains underutilized. Beekeepers require practical skills in hive construction, queen rearing, honey extraction, and pest management. This knowledge is not only essential for maximizing honey yield and hive productivity but also for ensuring the health and welfare of the bee colonies. 
Similarly, Workneh, (2011) reported that education increases the access to information and thereby choice of best beehive for honey production. It also increases the understanding of the technology and best way to practice beekeeping. Therefore, education is an important factor which if lacking can negatively impact on future improved beekeeping and adopting best bee hive for honey production. The study result agreed with the finding reported by Tessega, (2009) in which most of the respondents were capable of read and write in his study area (Burie district of Amhara region).
The results (Table 4.1) showed that the majority (59%) of beekeepers were within the age group of 35 - 64 years, followed by (32%) of beekeepers who were in the age group of 18 – 34 years. For the framework of Tanzania, age groups between 35 – 64 years and 18 – 34 years are referred to as the working age group of the population, representing older and youth members, respectively. The rest of the beekeepers are in the dependent category (above 64 years) who accounted for 9% of the population. These findings imply that most of the productive age group is actively engaged in beekeeping activities. This finding is similar to that reported by Mbah (2012), who found that 93.3% of beekeepers in Nigeria were within the productive age ranging from 20 to 50 years. Similar findings were also reported by Abdullahi et al. (2014) and Onwumere et al. (2012) who found a large proportion of beekeepers in Nigeria being within the productive working age category. Furthermore, this is also supported by Segni (2017), whose study revealed an average age of 43.7 years old of beekeeper at Ejere district of Oromia regional in Ethiopia. Therefore, the study finding shows that age has a positive influence on beekeeping activities.
5.3
Beehive Type for Honey Production
The study results (Table 4.2) showed that, beekeeping in the two-study area namely MVLFR and ANBR within Manyoni district was done using traditional (bark hive) and modern (top bar beehive) respectively. The use of modern beehive in the study area was high 74.7% compared to 25.3% of tradition beehive. TFS in ANBR use modern (top bar beehive) due to its high production and the government policy which discourage the use of traditional beehive. The increased adoption of modern beehives in government-owned Apiaries in (ANBR) is driven by a confluence of factors: readily available modern equipment, government subsidies, and supportive policies. 
These subsidies are often coupled with training programs designed to educate beekeepers on the proper use and maintenance of modern equipment. The combination of financial assistance and technical expertise is crucial for the successful adoption of modern beekeeping practices. Furthermore, the provision of other governmental allowances, such as access to credit facilities, contributes to the overall viability of adopting modern techniques. The availability of modern beekeeping accessories is equally crucial. The presence of a robust supply chain for equipment like queen excluders, bee smokers, and wax-stumpers ensures that beekeepers have access to the necessary tools to manage their colonies effectively. Access to these tools empowers beekeepers to maintain healthy colonies and improve honey production. These results fall inline with the report by Asmita (2023) that 82% of beekeepers in Nepal use modern hives and 18% still use traditional hives. This result is also supported by the study conducted by Asmiro et al, (2017) that 63.81% of beekeeper in Ethiopia use modern beehives and the remaining 36.19% use traditional beehives.
The villagers in MVLFR kept only traditional beehives (Table 4.3) due to the relatively high costs of construction or buying modern beehives or the low awareness on the high productivity of these modern beehives, lack of infrastructure and access to resources. The traditional beekeeping practice includes the use of traditional techniques of harvesting honey and beeswax from bees, using various traditional styles of hives and other equipment. Even though the uses of modern hives in ANBR was high compared to the use of traditional hives in MVLFR. The dominance of traditional hives stems primarily from their affordability and accessibility. Construction typically employs locally sourced materials like clay, wood, and straw. 
This reduces the initial capital investment significantly, making beekeeping a viable option for low-income communities. The skills required for hive construction are often passed down through generations, requiring minimal formal training. This low barrier to entry contributes to the widespread adoption of traditional methods, fostering rural livelihoods and supporting local economies (Schmolke, 2009) as cited by (Kasangaki et al., 2014). 
Improved beekeeping technologies, as highlighted by Tulu et al, (2020), offers significant advantages in honey productions. Higher honey yields are a primary benefit. Modern hives, often employing standardized frame sizes and improved hive designs, optimize space utilization and colony growth. This leads to a substantial increase in honey production compared to traditional methods. 
Furthermore, the ease of honey harvesting is significantly enhanced. Modern hives feature readily removable frames, allowing for efficient extraction without causing significant disturbance to the bee colony. This minimizes damage to the comb and reduces stress on the bees. The quality of honey also benefits from these advancements. Improved hive designs help maintain a more stable internal environment, reducing the risk of contamination and preserving the honey's quality. These factors contribute to a more efficient and profitable beekeeping operation. 
However, the transition to modern beekeeping is not without its challenges. The high initial cost of modern hives and associated equipment presents a significant barrier to entry for many beekeepers, particularly small-scale operators. This financial hurdle can prevent the adoption of improved techniques, hindering the overall growth of the industry. Modern beekeeping necessitates a more in-depth understanding of bee biology; hive management techniques, and disease control. This requires investment in training and education, further increasing the cost of entry. The need for various accessories, such as protective gear, specialized tools for honey extraction, and disease treatment medications, also adds to the overall cost of operation. However, this study results contradict with the study reported by Kuboja (2017) who reported that, in Tabora Region, 83.7% of beekeepers using traditional beehives and kept their bees in forest reserves. Therefore, the study leaned that, modern beehives are highly used by TFS due to availability of government subsidy, policy restriction and environmentally friendly while the villagers use traditional hives due to lack of government subsidy and availability of materials.
5.4
Quantity of Honey Produced per Beehive Type
The results (Table 4.4 and Table 4.5) show that the average honey production in ANBR was 6.4kg per hive per year for modern (top bar hives) and in MVLFR was 2.9 kg per hive per year for traditional hive (bark hives). The results suggest that, honey production is higher for modern hives than traditional hives. These results are in line with Kuboja (2017) who reported that, the average honey production per improved beehive in Tabora and Katavi region was was 10.71 liters/hive compared to 6.49 liters per traditional beehive hanged in the forest reserves. The low honey production observed from hives in the studied area might be due to many factors like precipitation, temperature, and availability of species during the season, water scarcity, colonies occupance rate and number of hives.
Furthermore, the results (Table 4.6) showed that, the average honey production for modern beehives kept in miombo woodland was 4.21kg per hive per year and 2.9kg per hive per year for traditional beehives kept in the same vegetation within MVLFR. Honey productivity was higher for modern (top bar beehive) kept in ANBR with Itigi thicket than modern hives and traditional hives (bark hives) kept in miombo woodland in MVLFR. Also, honey production was higher for modern beehive than traditional beehives kept in the same vegetation in MVLFR.The high productivity of modern hives was also reported by URT (2019) which showed that, the average honey production for traditional beehives was 7 kg of honey while box hives produce up to 12 kg per hive per year. Edessa (2005) reported lower honey production per beehive per annually in Ethiopia where traditional beekeeping is practiced. The honey yield of modern hive systems has been observed to be higher than traditional hive systems despite the same availability of resources within the flight radius (Beyene et al. 2016; Gemechis 2016; Girma et al. 2008). The reason for high production might be due to better environment for bees to live and work, availability of forage, location, large internal volume and presence of removable frame that allow beekeeper to work more quickly during hive inspection and honey harvesting (Tulu et al., 2020). 
However, even though the results showed high production with improved beehives compared to that of traditional beehives. The given productivity was below its potential of approximately 15.022 kg of honey per bee hive annually (URT, 2019). Also, this productivity was below the global recommendation, which is about an average of 40 liters of honey annually per beehive for commercial beekeepers using modern technologies (Muhammad and Abdulrahman, 2004). The low honey production in the study area is primarily attributed to poor hive management which lead to colonies abscondment, bees’ pests, lack of record keeping and limited access to quality beekeeping practices. Also, the use of bark hives instead of modern hives cause a decline in honey production per hive.
The results in table 4.4 indicate that, only 48% of hives were harvested and the remaining 52% were not harvested in ANBR. Furthermore, the results in table 4.5 showed that, in MVLFR 60% of hives were unharvested and only 40% of hives were harvested. Poor beekeeping practice like frequent opening of hives, presence of bee pests, diaseases, predators like birds and honey badgers, and harvesting all honeycombs without leaving enough reserves for the colony contribute to food shortages and honeybee colonies abscond from their hives in the study area. These were found to be some of the reason for no harvest in many hives. 
The results are similar with a review conducted by Tutuba and Kapinga (2022) in Tanzania, covering the honey producing regions in Tabora, Morogoro, Shinyanga, Kigoma, Singida, Kilimanjaro and Iringa which indicated that inadequate skill in honey harvesting are the major cause of honeybees abscondment. According to Kashumba (2018), lack of knowledge on hive management practice like what to harvest, what to retain and at what time to inspect the hives is reckoned as some of the honeybees’ threats initiating absconding and colony failure.
According to the results in table 4.4 and 4.5, Itigi thicket in Tanzania has high potential for honey production than Miombo woodland because of the diversity of plants and habitats in the Itigi thicket, the trees (Pseudoprosopsis fischeri and Combretum celestroides) in the thicket produce flowers throughout the year, thus providing good bees feeding grounds for nectar and pollen and location in a virgin forest. 
Furthermore, the results (Table 4.6) showed that honey production within miombo woodland was higher for modern hives than traditional hives due to the fact that TFS has improved management practices such improvements include the use of modern equipment and possibly the use of high-quality harvesting and processing equipment like honey extractor and presence of large area for beekeeping, government subsidy and high skilled labour. 
Whereas production from traditional hives is unpredictable due to a lack of improved management practices such as the use of bark hives, fire as harvesting tool and bednet for honey processing or filtering, lack of record keeping, small number of hives, type of hives used, size of the area used to keep bees and presence of human disturbance like peeling off the tree for hives construction. According to Kiros and Tsegay (2017) in Ethiopia reported that, the productivity of modern hive is more than that of traditional hives because of better management practices such as providing wax foundation sheets, recycling drawn-out combs after honey extraction and a higher frequency of harvesting. Therefore, high productivity of honey is a function of access to water sources, favorable climatic conditions, availability of flowering plants and proper hives management.
5.5
Effect of Forage Species on Honey Productivity
5.5.1
Species Richness and Composition
The results (Appendix 2 and Appendix 3) showed that, 48 species from 16 plant families in ANBR and 65 species in MVLFR from 23 plant families of different trees and shrubs respectively were known to be foraged by honey bees.  Among foraged plants species include Craibia brownii Dunn, Julbernardia globiflora (Benth.) Troupin, Combretum celastroides Welw.ex M.A. Lawson, Dichrostachys cinerea (L.) Wight & Arn. High Species richnes indicate that an ecosystem has a large number of different species, which plays a vital role in an ecosystem. The species richness reported in this study is lower than that of Kalaba et al. (2013) who reported a total of 83 species belonging to 53 families from Zambia using 24 sample plots. Kayombo et al., (2011) reported a species richness of 110 in miombo woodland of Bereko Forest Reserve in Babati district. Luoga (2000) reported 79 species in Kitulanghalo Forest Reserve. However, species richness of 48 and 65 reported in this study was higher compared to study by Mwampashi (2013) from Iwuma forest reserve in southern highland in Mbozi District, Tanzania who reported 11 species. The high species richness in the study area Suggest that there is a high potential for beekeeping activities.
5.5.2 
Species Diversity
The results (Appendix 3 and Appendix 4) Species diversity of trees and shrubs for large individuals (Dbh ≥5cm) and small individuals (Dbh <5cm) identified in ANBR using Shannon-Wiener diversity index (H’) were ‘3.04’ and ‘1.24’ respectively. Furthermore, the species diversity of trees and shrubs for large individuals (Dbh ≥5cm) and small individuals (Dbh <5cm) identified in MVLFR using Shannon-Wiener diversity index were ‘3.16’ and ‘3.35’ respectively (Appendix 5 and Appendix 6). Bee flora species diversity reported at MVLFR (3.16 for large individual and 3.35 for small individual) was relatively higher than at ANBR (3.04 for large individual and 1.24 for small individual); this increases the bee forage and biodiversity of the study area. Even though MVLFR has a high Shannon Wiener diversity index, honey production was law due to the type of bee technology used and the size of the forest being small. 
The expected species with the greatest contributions to Shannon-Wiener diversity index (H’) of large individuals (Dbh ≥5cm) in ANBR were: Craibia brownii Dunn (0.28), Julbernardia globiflora (Benth.) Troupin (0.25), Combretum celastroides Welw.ex M.A. Lawson (0.22), Dichrostachys cinerea (L.) Wight & Arn.(0.20) and Commiphora edulis (Klotzsch) Engl. (0.18). Furthermore, for smaller individuals (Dbh <5cm) the greatest contributions were found for Combretum celastroides Welw. ex M.A. Lawson (0.32), Pseudoprosopis fischeri Harms (0.27), Vepris nobilis (Delile) Mziray (0.10), Craibia brownii Dunn (0.09) and Dichrostachys cinerea (L.) Wight & Arn (0.07).
Moreover, species with the greatest contributions to Shannon-Wiener diversity index (H’) of large individuals (Dbh ≥5cm) in MVLFR were: Julbernardia globiflora (Benth.) Troupin (0.30), Diplorhynchus condylocarpon (Müll.Arg.)Pichon (0.25), Bauhinia petersiana Bolle (0.24), Brachystegia manga De Wild.(0.19) and Combretum zeyheri Sond. (0.18). While, for smaller ones (Dbh <5cm) the greatest contributions were found for Julbernardia globiflora (Benth.) Troupin (0.22), Combretum molle (Klotzsch) Engl. & Diels (0.22), Brachystegia manga De Wild.(0.21), Combretum zeyheri Sond.(0.20) and Dichrostachys cinerea (L.) Wight & Arn. (0.15), this implies that, miombo woodland has a high potential for beekeeping but not yet utilized based on the fact that there is high adoption of traditional hives than improved hives which lead to low honey production.
The H´ value of ‘3.04’ and ‘3.2’ reported in this study from ANBR and MVLFR respectively align from other dry miombo woodlands which also employed the diameter limit of ≥ 5 cm. For instance, Chamshama et al (2004) reported three H’ values of 3.1, 3.2, and 3.3 from Kitulangalo Miombo forest in Eastern Tanzania, while Njana (2008) reported a H’ value of 3.40 from dry miombo in Western Tanzania. This could be attributed to very large sample sizes used in both studies. On the other hand, the value of H’ reported in this study is higher than those reported by Mwampashi (2013) who observed H´ value of 1.3 and Shirima et al. (2011) reported two H´ values of 1.9 and 2.2. The H´ value of 3.04 and 3.2 reported from this study at ANBR and MVLFR respectively in this study falls in the range of H´ values commonly found in miombo woodland (both wet and dry) of 1.05 - 4.27 (Shirima et al. 2011, Mwakalukwa et al. 2014b, Jew et al. 2016). According to Magurran (2004) the higher the H’ value, the higher the species diversity. Values of the index usually lie between 1.5 and 3.5, although in exceptional cases, the value can exceed 4.5 (Kent 2012). 
Therefore, the H’ value of 3.04 and 3.2from ANBR and MVLFR respectively in this study implies that the ANBR and MVLFRare highly diverse forest which has an effect to honey production.  Floral resources availability has been identified as a key driver of bee abundance and diversity in natural ecosystem. Furthermore, flora resources are a critical determinant of bee abundance and diversity because bee require pollen obtained from nearby flowering plants for honey production. 
Importance value index provides knowledge on important species of a plant community. The IVI rank species in a way as to give an indication on which species come out as important element of the miombo trees (Munishi et al. 2008 and Giliba et al, 2011). Therefore, the Importance Value Index (IVI) has been used to indicate which tree species are ecologically more important in the study area and how they affect honey production. Even though honey production in MVFLR was low due to production method, harvesting and size of the area but the abundance and diversity of bee flora species in MVFLR was higher than the ANBR, this increases the bee forage and biodiversity of the study areas.
CHAPTER SIX
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
6.1
Chapter Overview
This chapter provides summary of the study, conclusion and recommendations.
6.2
Summary of the Finding
The aim of this research was to study the effect of beehive types and forage species on honey production in Manyoni District. The study had three objectives, which were to examine the types of beehives used by beekeepers for honey production in Manyoni district, to determine quantity of honey produced per each beehive type per year and to assess effect of forage species on honey productivity.
The study found that majority of beekeepers (67%) were males whereas 33% were females. The number of female found in this study that practice beekeeping are convincing as they earn profit and contribute to their household. 
Further, findings shows that majority of beekeepers (59%) were in working age group and had enough experience on beekeeping activities and practices beekeeping for income generating activities. Also, the study found that 82% of beekeepers had a primary education that increases the access to information and thereby choice of best beehive for honey production. Therefore, education is an important factor which if lacking can negatively impact on future improved beekeeping and adopting best beehive for honey production.
Based on the findings, the study identified two types of beehives that’s modern beehives (top bar hive) managed by TFS in ANBR and traditional hives (bark hive) managed by villagers in MVLFR. In the study area, the use of modern beehive was higher compared to traditional beehive. Also, the study found that, honey production was higher for modern hives than that of traditional hives and is higher in Itigi thicket than miombo woodland. 
The high productivity of modern beehives was due to government subsidies and other financial allowances supplied to TFS. Direct financial aid in the form of grants or subsidies makes the initial investment cost of modern beehives and equipment significantly more manageable for beekeepers. This reduces the financial barrier to entry, enabling more people to participate in modern beekeeping and increase the overall honey production of the region. Training programs and workshops often accompany these subsidies, ensuring beekeepers are properly equipped to manage and maintain their new equipment effectively. 
However, the reported productivity was below its potential of approximately 15.022 kg of honey per bee hive annually reported by URT (2019). Also, this productivity was below the global recommendation, which is about an average of 40 liters of honey annually per beehive for commercial beekeepers using modern technologies (Muhammad and Abdulrahman, 2004). The low honey production in the study area was primarily attributed to poor hive management which lead to colonies abscondement and cause more hive unharvested, bee’s pests, lack of record keeping and limited access to quality beekeeping practices. Also, the use of bark hives instead of modern hives cause a decline in honey production per hive. 
Furthermore, the findings show that, floral quality and availability was higher in MVLFR with miombo woodland than ANBR with Itigi thicket. The higher the species diversity increases the bee forage and encourages honey production. Unfortunately, the use of traditional hives, improper hive management and small size of the forest are the source of low honey production in MVLFR.  In addition, Isoberlinia globiflora, Brachystegia boehimii, Braychystegia spiciformis, Julbernardia globiflora, Pterocarpus tinctorius and Dalbergia boehmii in MVLFR and Pseudoprosopsis fischer, Combretum celestroides, Dichrostachys cinerea, Commiphora ugogonsis, Cassipourea mollis and Vangueria madagascariencis in ANBR are found to be dominace forage species which contribute to honey productions. The documentation of honey bee forages is essential for beekeeper to adjust apiary location and resourcefully adventure available bee forage resources across diverse site.
6.3
Conclusion
The researcher concludes that, honey production depends on hive type, number of hives present, availability of flowers and bee hive management. Furthermore, government effort plays important role especially in providing subsidy and other special allowance which in turn increase honey production through purchasing modern hives and apiary management. The low production of traditional hives can simply be solved by policy reform and government principles. In order to increase honey production selection of improved hive technology, sustainability of bee forage species and proper hive management are inevitable. 
The researcher also concludes that government should set subsidy to supports villagers in improving hive technology and training on hive management. Therefore, the results suggest that, in order to increase honey bee production, efforts should be focused primarily on improved beekeeping practices, credit provision need to be facilitated to supply improved bee-hives and accessory equipment.
Furthermore, in order to increase the quantity of honey production, proper establishment and maintenance of the apiary, as well proper hive management, treatment for pest and predators and increase number of hives are recommended. In addition, the availability of flower in the study area which provides bees with readily available sources of nectar, which is a primary ingredient collected from flowers to create honey plays a vital role in honey production. The more flowers blooming, the more nectar is available for bees to gather, leading to a higher honey yield. The areas are proven to have abundant flowers for honey productions. Therefore, it is imperative that the ecosystems of the areas are protected for current and future wellbeing of the sector.
6.4
Recommendations
6.4.1 
Recommendation to Decision Makers
The study suggests some recommendation and steps to be taken to increase honey production. 
These recommendations include the following:
(i) The government through the Ministry of Natural Resources and Tourism has to enact strict policy, which discourages the use of traditional hives. This will assist and reduce threat to forest and therefore boost honey production.
(ii) The government through the Ministry of Natural Resources and Tourism need to improve the low level of technological input utilization and capital shortage, credit provision needs to be facilitated to supply improved bee-hives and other beekeeping equipment.
(iii) TFS is advised to continue adopting and sustaining the modern hive technology, the focus should be on honey bee equipment, hive quality and availability, proper hive management and apiary establishment. Also, honey production record management is recommended.
(iv) For sustainable and continuous honey production, TFS is advised to continue protecting the forage plants in Miombo and Itigi thicket as the floral diversity may be subjected to harsh ecosystem threats due to increased human population and the need for traditional hives construction.
6.4.2
Recommendation to Local Government and the Responsible Communities
The study suggests some recommendations and steps be taken to increase the quantity of honey productions:
(i) The local governments are advised to increase effort for women involvement in beekeeping activities in the study area, as their participation in beekeeping activities was promising.
(ii) The local governments are required to provide restrictions that can safe guide availability of flowering plants, which are proven to increase honey production. This can be done through law enforcement and forest patrol.
6.4.3
Recommendation for Further Studies
Presence of high number of hive colonization but unharvested decrease honey production potential. Therefore, the study calls for further research to assess factor for poor hive colonization, reason for unharvested hives and recommend the possible solution to overcome the situation. This will help to increase honey production by increasing the number of colonized and harvested hives.
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APPENDICES

Appendix 1: Questionnaires to Key Informants
1.         Personal Information

1.1.
Name of respondent………………………………..

1.2
Status of respondent………………………………….

1.2
Name of Village…………………………………..

2.
Where do you kept the beehives

3.
Size of the area where the beehives kept

4.
Owner of the forest

5.  List the number of beehives type available

	S/No
	Types of beehives
	Number
	Reason

	1
	Traditional
	
	

	2
	Transitional
	
	

	3
	Modern
	
	


6.   What kind of beehive products you produce?

	No 
	Products 
	Traditional 
	Transitional 
	Modern 

	1 
	Honey 
	
	
	

	2 
	Crude beeswax 
	
	
	

	3 
	Propolis
	
	
	

	4 
	Others, specify 
	
	
	


7. List the amount of your beehive products and frequency of harvest per annum.

	Types of beehives
	Honey production
	Crude beeswax


	Propolis

	
	Kg/Hive
	Frequency
	Kg/Hive
	Frequency
	Kg/Hive
	Frequency

	Traditional
	
	
	
	
	
	

	Transitional
	
	
	
	
	
	

	Modern
	
	
	
	
	
	


8. What are the major constraints of beekeeping in the area? (Rank them)

	S/No
	Constraints
	Rank

	1
	High cost of modern hives and accessories
	

	2
	Honeybee colony
	

	3
	Shortage of bee forage
	

	4
	Shortage of water
	

	5
	Drought (lack of rainfall)
	

	6
	Absconding
	

	7
	Pests and predators
	

	8
	Diseases
	

	9
	High temperature
	

	10
	High wind
	

	11
	High rainfall
	

	12
	Poor management
	

	13
	Migration
	

	14
	Swarming
	

	15
	Death of colony
	

	16
	Agro chemical
	


9. Which tree species do honey bee forage most??..........................................

10. Do you get beekeeping training? YES (    )  NO   (   )

11. If your response for question 10 is no, do you need beekeeping training?

YES (  )  NO (   )

12.What are your opinions on what should be done to improve the honey production?

1……………………….. 2………………………………3……………………………

Appendix 2: Tree and Shrub Species in Aghondi National Bee Reserve

	SN
	Botanical Name
	Family
	Habit
	Count
	% Contribution

	1.
	Combretum celastroides Welw. ex M.A.Lawson
	Combretaceae
	Shurb/Tree
	437
	35.16

	2.
	Pseudoprosopis fischeri Harms
	Fabaceae
	Shurb/Tree
	145
	11.67

	3.
	Craibia brownii Dunn
	Fabaceae
	Tree
	113
	9.09

	4.
	Dichrostachys cinerea (L.) Wight & Arn.
	Fabaceae
	Shurb/Tree
	72
	5.79

	5.
	Julbernardia globiflora (Benth.) Troupin
	Fabaceae
	Shurb/Tree
	57
	4.59

	6.
	Haplocoelum foliolosum (Hiern) Bullock
	Sapindaceae
	Shurb/Tree
	44
	3.54

	7.
	Baphia massaiensis Taub.
	Fabaceae
	Shurb/Tree
	39
	3.14

	8.
	Commiphora edulis (Klotzsch) Engl.
	Burseraceae
	Shurb/Tree
	37
	2.98

	9.
	Bussea massaiensis (Taub.) Harms
	Fabaceae
	Shurb/Tree
	32
	2.57

	10.
	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shurb
	25
	2.01

	11.
	Cassia abbreviata Oliv.
	Fabaceae
	Shurb/Tree
	24
	1.93

	12.
	Afrocanthium burttii (Bullock) Lantz
	Rubiaceae
	Tree
	23
	1.85

	13.
	Vepris nobilis (Delile) Mziray
	Rutaceae
	Tree
	20
	1.61

	14.
	Boscia angustifolia A.Rich.
	Capparaceae
	Shurb/Tree
	18
	1.45

	15.
	Combretum collinum Fresen.
	Combretaceae
	Shurb/Tree
	18
	1.45

	16.
	Brachystegia spiciformis Benth.
	Fabaceae
	Tree
	15
	1.21

	17.
	Rytigynia uhligii (K.Schum. & K.Krause) Verdc.
	Rubiaceae
	Shurb/Tree
	11
	0.88

	18.
	Commiphora ugogensis Engl.
	Burseraceae
	Tree
	9
	0.72

	19.
	Tarenna pavettoides (Harv.) Sim
	Rubiaceae
	Shurb/Tree
	8
	0.64

	20.
	Combretum zeyheri Sond.
	Combretaceae
	Shurb/Tree
	7
	0.56

	21.
	Albizia petersiana (Bolle) Oliv.
	Fabaceae
	Tree
	6
	0.48

	22.
	Commiphora schimperi (O.Berg) Engl.
	Burseraceae
	Shurb/Tree
	6
	0.48

	23.
	Lannea fulva (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	6
	0.48

	24.
	Rotheca myricoides (Hochst.) Steane & Mabb.
	Lamiaceae 
	Shurb
	6
	0.48

	25.
	Allophylus rubifolius (Hochst. ex A.Rich.) Engl.
	Sapindaceae
	Shurb/Tree
	5
	0.40

	26.
	Dalbergia boehmii Taub.
	Fabaceae
	Shurb/Tree
	5
	0.40

	27.
	Hymenodictyon floribundum (Hochst. & Steud.) B.L.Rob.
	Rubiaceae
	Shurb/Tree
	5
	0.40

	28.
	Markhamia obtusifolia (Baker) Sprague
	Bignoniaceae
	Tree
	5
	0.40

	29.
	Mystroxylon aethiopicum (Thunb.) Loes.
	Celastraceae
	Tree
	5
	0.40

	30.
	ochna sp
	Ochnaceae
	Tree
	5
	0.40

	31.
	Vangueria madagascariensis J.F.Gmel.
	Rubiaceae
	Shurb/Tree
	5
	0.40

	32.
	Combretum hereroense Schinz
	Combretaceae
	Shurb/Tree
	4
	0.32

	33.
	Margaritaria discoidea (Baill.) G.L.Webster
	Phyllanthaceae
	Shurb/Tree
	4
	0.32

	34.
	Burttia prunoides Baker f. & Exell
	Connaraceae
	Shurb/Tree
	3
	0.24

	35.
	Euphorbia candelabrum Welw.
	Euphorbiaceae
	Tree
	2
	0.16

	36.
	Lannea schweinfurthii (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	2
	0.16

	37.
	Ormocarpum kirkii S.Moore
	Fabaceae
	Shurb/Tree
	2
	0.16

	38.
	Sclerocarya birrea (A.Rich.) Hochst.
	Anacardiaceae
	Tree
	2
	0.16

	39.
	Senna singueana (Delile) Lock
	Fabaceae
	Shurb/Tree
	2
	0.16

	40.
	Catunaregam spinosa (Thunb.) Tirveng.
	Rubiaceae
	Shurb/Tree
	1
	0.08

	41.
	Combretum fragrans F.Hoffm.
	Combretaceae
	Shurb/Tree
	1
	0.08

	42.
	Combretum molle (Klotzsch) Engl. & Diels
	Combretaceae
	Shurb/Tree
	1
	0.08

	43.
	Commiphora africana (A.Rich.) Engl.
	Burseraceae
	Shurb/Tree
	1
	0.08

	44.
	Commiphora mollis (Oliv.) Engl.
	Burseraceae
	Shurb/Tree
	1
	0.08

	45.
	Indigofera arrecta Hochst. ex A.Rich.
	Fabaceae
	Shurb/Tree
	1
	0.08

	46.
	Lannea schimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shurb/Tree
	1
	0.08

	47.
	Maerua angolensis DC.
	Capparaceae
	Shurb/Tree
	1
	0.08

	48.
	Philenoptera violacea (Klotzsch) Schrire
	Fabaceae
	Tree
	1
	0.08

	
	
	
	 Total
	1243
	100


Appendix 3: Tree and Shrub Species in Mwamagembe Village Land Forest Reserve

	SN
	Botanical Name
	Family
	Life form
	Count
	% Contribution

	1.
	Vernonia exsertiflora Baker
	Asteraceae
	Shrub/Tree 
	83
	11.23

	2.
	Brachystegia longifolia Benth.
	Fabaceae 
	Tree
	67
	9.07

	3.
	Combretum molle (Klotzsch) Engl. & Diels
	Combretaceae
	Shrub/Tree 
	63
	8.53

	4.
	Dalbergia nitidula Welw. ex Baker
	Fabaceae 
	Shrub/Tree 
	63
	8.53

	5.
	Markhamia obtusifolia (Baker) Sprague
	Bignoniaceae 
	Shrub/Tree 
	44
	5.95

	6.
	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shrub
	34
	4.60

	7.
	Antidesma venosum E.Mey. ex Tul.
	Phyllanthaceae
	Shrub/Tree 
	26
	3.52

	8.
	Steganotaenia araliacea Hochst.
	Apiaceae 
	Shrub/Tree 
	26
	3.52

	9.
	Grewia trichocarpa Hochst. ex A.Rich.
	Malvaceae
	Shrub/Tree 
	20
	2.71

	10.
	Zanha africana (Radlk.) Exell
	Sapindaceae
	Tree
	16
	2.17

	11.
	Commiphora mossambicensis (Oliv.) Engl.
	Burseraceae
	Tree
	16
	2.17

	12.
	Diplorhynchus condylocarpon (Müll.Arg.) Pichon
	Apocynaceae
	Shrub/Tree 
	15
	2.03

	13.
	Turraea robusta Gürke
	Meliaceae
	Shrub/Tree 
	15
	2.03

	14.
	Julbernardia globiflora (Benth.) Troupin
	Fabaceae 
	Shrub/Tree 
	14
	1.89

	15.
	Ziziphus mucronata Willd.
	Rhamnaceae
	Shrub/Tree 
	14
	1.89

	16.
	Terminalia sericea Cambess.
	Combretaceae
	Shrub/Tree 
	13
	1.76

	17.
	Vachellia nilotica (L.) P.J.H.Hurter & Mabb.
	Fabaceae 
	Shrub/Tree 
	11
	1.49

	18.
	Combretum zeyheri Sond.
	Combretaceae
	Shrub/Tree 
	10
	1.35

	19.
	Pseudolachnostylis maprouneifolia Pax
	Phyllanthaceae
	Shrub/Tree 
	10
	1.35

	20.
	Pterocarpus angolensis DC.
	Fabaceae 
	Shrub/Tree 
	10
	1.35

	21.
	Bauhinia petersiana Bolle
	Fabaceae 
	Shrub/Tree 
	9
	1.22

	22.
	Erythrophleum africanum (Benth.) Harms
	Fabaceae 
	Tree
	9
	1.22

	23.
	Dichrostachys cinerea (L.) Wight & Arn.
	Fabaceae 
	Shrub/Tree 
	9
	1.22

	24.
	Swartzia madagascariensis Desv.
	Fabaceae 
	Shrub/Tree 
	9
	1.22

	25.
	Albizia amara (Roxb.) Boivin
	Fabaceae 
	Tree
	9
	1.22

	26.
	Strychnos potatorum L.f.
	Loganiaceae
	Shrub/Tree 
	8
	1.08

	27.
	Monotes africanus A.DC.
	Dipterocarpaceae
	Shrub/Tree 
	8
	1.08

	28.
	Lannea schimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shrub/Tree 
	8
	1.08

	29.
	Bridelia cathartica Bertol.
	Phyllanthaceae
	Shrub/Tree 
	7
	0.95

	30.
	Ochna schweinfurthiana F.Hoffm.
	Ochnaceae 
	Shrub/Tree 
	6
	0.81

	31.
	Xylopia odoratissima Welw. ex Oliv.
	Annonaceae
	Shrub/Tree 
	6
	0.81

	32.
	Sclerocarya birrea (A.Rich.) Hochst.
	Anacardiaceae
	Tree
	6
	0.81

	33.
	Hexalobus monopetalus (A.Rich.) Engl. & Diels
	Annonaceae
	Shrub/Tree 
	6
	0.81

	34.
	Brachystegia boehmii Taub.
	Fabaceae 
	Tree
	5
	0.68

	35.
	Brachystegia spiciformis Benth.
	Fabaceae 
	Tree
	5
	0.68

	36.
	Combretum fragrans F.Hoffm.
	Combretaceae
	Shrub/Tree 
	5
	0.68

	37.
	Gardenia ternifolia Schumach. & Thonn.
	Rubiaceae
	Shrub/Tree 
	5
	0.68

	38.
	Diospyros fischeri Gürke
	Ebenaceae 
	Shrub/Tree 
	4
	0.54

	39.
	Markhamia zanzibarica (Bojer ex DC.) K.Schum.
	Bignoniaceae 
	Shrub/Tree 
	4
	0.54

	40.
	Philenoptera eriocalyx (Harms) Schrire
	Fabaceae 
	Tree
	4
	0.54

	41.
	Catunaregam spinosa (Thunb.) Tirveng.
	Rubiaceae
	Shrub/Tree 
	3
	0.41

	42.
	Commiphora schimperi (O.Berg) Engl.
	Burseraceae
	Shrub/Tree 
	3
	0.41

	43.
	Afzelia quanzensis Welw.
	Fabaceae 
	Tree
	3
	0.41

	44.
	Dalbergia boehmii Taub.
	Fabaceae 
	Shrub/Tree 
	2
	0.27

	45.
	Ormocarpum kirkii S.Moore
	Fabaceae 
	Shrub/Tree 
	2
	0.27

	46.
	Commiphora eminii Engl.
	Burseraceae
	Tree
	2
	0.27

	47.
	Albizia tanganyicensis Baker f.
	Fabaceae 
	Tree
	2
	0.27

	48.
	Cassia abbreviata Oliv.
	Fabaceae 
	Shrub/Tree 
	2
	0.27

	49.
	Cussonia arborea Hochst. ex A.Rich.
	Araliaceae
	Tree
	2
	0.27

	50.
	Brachystegia manga De Wild.
	Fabaceae 
	Tree
	1
	0.14

	51.
	Dalbergia stuhlmannii Taub.
	Fabaceae 
	Shrub/Tree 
	1
	0.14

	52.
	Rourea orientalis Baill.
	Connaraceae
	Shrub/Tree 
	1
	0.14

	53.
	Combretum collinum Fresen.
	Combretaceae
	Shrub/Tree 
	1
	0.14

	54.
	Rothmannia engleriana (K.Schum.) Keay
	Rubiaceae
	Shrub/Tree 
	1
	0.14

	55.
	Pericopsis angolensis (Baker) Meeuwen
	Fabaceae 
	Tree
	1
	0.14

	56.
	Schrebera trichoclada Welw.
	Oleaceae
	Shrub/Tree 
	1
	0.14

	57.
	Ochna ovata F.Hoffm.
	Ochnaceae 
	Shrub/Tree 
	1
	0.14

	58.
	Multidentia crassa (Hiern) Bridson & Verdc.
	Rubiaceae
	Tree
	1
	0.14

	59.
	Grewia bicolor Juss.
	Malvaceae
	Shrub/Tree 
	1
	0.14

	60.
	Grewia fallax K.Schum.
	Malvaceae
	Shrub/Tree 
	1
	0.14

	61.
	Commiphora africana (A.Rich.) Engl.
	Burseraceae
	Shrub/Tree 
	1
	0.14

	62.
	Burkea africana Hook.
	Fabaceae 
	Tree
	1
	0.14

	63.
	Terminalia mollis M.A.Lawson
	Combretaceae
	Shrub/Tree 
	1
	0.14

	64.
	Pterocarpus trifoliatus (Lour.) Kuntze
	Fabaceae 
	Shrub/Tree 
	1
	0.14

	65.
	Vachellia gerrardi (Benth.) P.J.H.Hurter
	Fabaceae 
	Shrub/Tree 
	1
	0.14

	
	
	 
	 Total
	739
	100


Appendix 4: Adult Tree and Shrub Species with a DBH ≥5 cm Sorted by IVI Identified in ANBR

	Botanical Name
	Family
	Habit
	H'*
	Frequency
	RF*
	RDe*
	RDo*
	IVI*

	Combretum celastroides Welw. ex M.A.Lawson
	Combretaceae
	Shurb/Tree
	0.22
	33
	13.27
	29.39
	27.19
	69.86

	Dichrostachys cinerea (L.) Wight & Arn.
	Fabaceae
	Shurb/Tree
	0.20
	18
	7.08
	9.50
	9.15
	25.72

	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shurb
	0.14
	13
	5.31
	4.58
	4.84
	14.73

	Julbernardia globiflora (Benth.) Troupin
	Fabaceae
	Shurb/Tree
	0.25
	9
	3.54
	4.44
	5.88
	13.86

	Commiphora edulis (Klotzsch) Engl.
	Burseraceae
	Shurb/Tree
	0.18
	13
	5.31
	3.64
	4.77
	13.73

	Haplocoelum foliolosum (Hiern) Bullock
	Sapindaceae
	Shurb/Tree
	0.10
	9
	3.54
	4.80
	4.31
	12.65

	Craibia brownii Dunn
	Fabaceae
	Tree
	0.28
	7
	2.65
	4.81
	4.52
	11.98

	Vangueria madagascariensis J.F.Gmel.
	Rubiaceae
	Shurb/Tree
	0.05
	7
	2.65
	4.08
	4.71
	11.44

	Cassia abbreviata Oliv.
	Fabaceae
	Shurb/Tree
	0.14
	11
	4.42
	3.26
	2.26
	9.95

	Albizia petersiana (Bolle) Oliv.
	Fabaceae
	Tree
	0.05
	7
	2.65
	3.37
	3.22
	9.24

	Boscia angustifolia A.Rich.
	Capparaceae
	Shurb/Tree
	0.10
	11
	4.42
	2.89
	1.68
	8.99

	Pseudoprosopis fischeri Harms
	Fabaceae
	Shurb/Tree
	0.16
	4
	1.77
	3.51
	3.61
	8.89

	Bussea massaiensis (Taub.) Harms
	Fabaceae
	Shurb/Tree
	0.14
	9
	3.54
	2.35
	1.86
	7.75

	Commiphora ugogensis Engl.
	Burseraceae
	Tree
	0.07
	11
	4.42
	0.91
	2.09
	7.43

	Commiphora schimperi (O.Berg) Engl.
	Burseraceae
	Shurb/Tree
	0.05
	4
	1.77
	2.19
	2.37
	6.33

	Baphia massaiensis Taub.
	Fabaceae
	Shurb/Tree
	0.08
	2
	0.88
	2.70
	2.66
	6.25

	Brachystegia spiciformis Benth.
	Fabaceae
	Tree
	0.10
	7
	2.65
	1.06
	2.36
	6.07

	Combretum collinum Fresen.
	Combretaceae
	Shurb/Tree
	0.09
	4
	1.77
	1.49
	1.83
	5.08

	Markhamia obtusifolia (Baker) Sprague
	Bignoniaceae
	Tree
	0.05
	4
	1.77
	1.09
	1.58
	4.44

	Afrocanthium burttii (Bullock) Lantz
	Rubiaceae
	Tree
	0.05
	7
	2.65
	0.78
	0.46
	3.90

	Mystroxylon aethiopicum (Thunb.) Loes.
	Celastraceae
	Tree
	0.05
	2
	0.88
	1.05
	1.76
	3.69

	Combretum hereroense Schinz
	Combretaceae
	Shurb/Tree
	0.04
	2
	0.88
	1.07
	1.09
	3.04

	ochna sp
	Ochnaceae
	Tree
	0.02
	4
	1.77
	0.67
	0.53
	2.96

	Vepris nobilis (Delile) Mziray
	Rutaceae
	Tree
	0.03
	4
	1.77
	0.66
	0.45
	2.88

	Tarenna pavettoides (Harv.) Sim
	Rubiaceae
	Shurb/Tree
	0.04
	4
	1.77
	0.76
	0.13
	2.66

	Lannea schweinfurthii (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.02
	2
	0.88
	0.87
	0.87
	2.62

	Lannea fulva (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.02
	4
	1.77
	0.32
	0.32
	2.41

	Euphorbia candelabrum Welw.
	Euphorbiaceae
	Tree
	0.02
	4
	1.77
	0.28
	0.31
	2.36

	Sclerocarya birrea (A.Rich.) Hochst.
	Anacardiaceae
	Tree
	0.02
	2
	0.88
	0.45
	0.86
	2.19

	Senna singueana (Delile) Lock
	Fabaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.59
	0.36
	1.83

	Combretum zeyheri Sond.
	Combretaceae
	Shurb/Tree
	0.05
	2
	0.88
	0.47
	0.42
	1.78

	Dalbergia boehmii Taub.
	Fabaceae
	Shurb/Tree
	0.04
	2
	0.88
	0.44
	0.29
	1.62

	Ormocarpum kirkii S.Moore
	Fabaceae
	Shurb/Tree
	0.02
	2
	0.88
	0.42
	0.19
	1.50

	Hymenodictyon floribundum (Hochst. & Steud.) B.L.Rob.
	Rubiaceae
	Shurb/Tree
	0.05
	2
	0.88
	0.33
	0.14
	1.35

	Catunaregam spinosa (Thunb.) Tirveng.
	Rubiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.27
	0.14
	1.29

	Combretum molle (Klotzsch) Engl. & Diels
	Combretaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.08
	0.18
	1.15

	Lannea schimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.07
	0.19
	1.14

	Commiphora africana (A.Rich.) Engl.
	Burseraceae
	Shurb/Tree
	0.01
	2
	0.88
	0.04
	0.19
	1.11

	Philenoptera violacea (Klotzsch) Schrire
	Fabaceae
	Tree
	0.01
	2
	0.88
	0.07
	0.13
	1.08

	Combretum fragrans F.Hoffm.
	Combretaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.14
	0.05
	1.07

	Commiphora mollis (Oliv.) Engl.
	Burseraceae
	Shurb/Tree
	0.01
	2
	0.88
	0.10
	0.02
	1.00

	Rytigynia uhligii (K.Schum. & K.Krause) Verdc.
	Rubiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.07
	0.02
	0.97

	
	
	Total
	3.04
	251
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index, RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index
Appendix 5: Regenerants Tree and Shrub Species with a DBH <5 cm sorted by IVI identified in ANBR

	Botanical Name
	Family
	Habit
	H'*
	Frequency
	*RF
	*RDe
	*RDo
	*IVI

	Pseudoprosopis fischeri Harms
	Fabaceae
	Shurb/Tree
	0.27
	67
	22.90
	49.82
	46.02
	118.74

	Combretum celastroides Welw. ex M.A.Lawson
	Combretaceae
	Shurb/Tree
	0.32
	62
	21.37
	19.44
	25.24
	66.05

	Vepris nobilis (Delile) Mziray
	Rutaceae
	Tree
	0.10
	31
	10.69
	9.19
	1.00
	20.88

	Afrocanthium burttii (Bullock) Lantz
	Rubiaceae
	Tree
	0.04
	24
	8.40
	2.61
	3.29
	14.30

	Dichrostachys cinerea (L.) Wight & Arn.
	Fabaceae
	Shurb/Tree
	0.07
	7
	2.29
	3.61
	4.73
	10.63

	Haplocoelum foliolosum (Hiern) Bullock
	Sapindaceae
	Shurb/Tree
	0.06
	16
	5.34
	0.86
	2.37
	8.58

	Craibia brownii Dunn
	Fabaceae
	Tree
	0.09
	4
	1.53
	3.36
	3.15
	8.03

	Rytigynia uhligii (K.Schum. & K.Krause) Verdc.
	Rubiaceae
	Shurb/Tree
	0.03
	9
	3.05
	0.94
	2.75
	6.75

	Baphia massaiensis Taub.
	Fabaceae
	Shurb/Tree
	0.06
	7
	2.29
	0.92
	1.60
	4.81

	Cassia abbreviata Oliv.
	Fabaceae
	Shurb/Tree
	0.00
	2
	0.76
	1.22
	2.14
	4.13

	Commiphora edulis (Klotzsch) Engl.
	Burseraceae
	Shurb/Tree
	0.01
	4
	1.53
	1.66
	0.66
	3.85

	Allophylus rubifolius (Hochst. ex A.Rich.) Engl.
	Sapindaceae
	Shurb/Tree
	0.02
	2
	0.76
	1.11
	1.30
	3.17

	Tarenna pavettoides (Harv.) Sim
	Rubiaceae
	Shurb/Tree
	0.02
	4
	1.53
	0.64
	0.93
	3.10

	Burttia prunoides 
Baker f. & Exell
	Connaraceae
	Shurb/Tree
	0.01
	7
	2.29
	0.54
	0.15
	2.98

	Margaritaria discoidea (Baill.) G.L.Webster
	Phyllanthaceae
	Shurb/Tree
	0.02
	4
	1.53
	0.71
	0.74
	2.97

	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shurb
	0.01
	4
	1.53
	0.36
	0.47
	2.35

	Lannea fulva (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.01
	4
	1.53
	0.19
	0.47
	2.18

	Boscia angustifolia A.Rich.
	Capparaceae
	Shurb/Tree
	0.01
	2
	0.76
	0.67
	0.55
	1.98

	Combretum collinum Fresen.
	Combretaceae
	Shurb/Tree
	0.02
	4
	1.53
	0.21
	0.19
	1.93

	ochna sp
	Ochnaceae
	Tree
	0.01
	4
	1.53
	0.09
	0.27
	1.88

	Indigofera arrecta 
Hochst. ex A.Rich.
	Fabaceae
	Shurb/Tree
	0.00
	2
	0.76
	0.61
	0.33
	1.70

	Bussea massaiensis 
(Taub.) Harms
	Fabaceae
	Shurb/Tree
	0.02
	2
	0.76
	0.22
	0.71
	1.69

	Rotheca myricoides
(Hochst.) Steane & Mabb.
	Lamiaceae 
	Shurb
	0.02
	2
	0.76
	0.33
	0.18
	1.26

	Albizia petersiana
 (Bolle) Oliv.
	Fabaceae
	Tree
	0.00
	2
	0.76
	0.22
	0.23
	1.22

	Maerua angolensis DC.
	Capparaceae
	Shurb/Tree
	0.01
	2
	0.76
	0.34
	0.00
	1.10

	Combretum zeyheri Sond.
	Combretaceae
	Shurb/Tree
	0.00
	2
	0.76
	0.03
	0.21
	1.00

	Brachystegia spiciformis Benth.
	Fabaceae
	Tree
	0.00
	2
	0.76
	0.03
	0.17
	0.96

	Senna singueana (Delile) Lock
	Fabaceae
	Shurb/Tree
	0.00
	2
	0.76
	0.06
	0.11
	0.94

	Dalbergia boehmii Taub.
	Fabaceae
	Shurb/Tree
	0.00
	2
	0.76
	0.05
	0.04
	0.86

	
	 
	Total
	1.24
	291
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index, RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index
Appendix 6: Adult Tree and Shrub Species with a DBH ≥5 cm Sorted by IVI Identified in MVLFR

	Botanical Name
	Family
	Life form
	H
	Frequency
	RF
	RDe
	RDo
	IVI

	Diplorhynchus condylocarpon (Müll.Arg.) Pichon
	Apocynaceae
	Shrub/Tree
	0.25
	58
	8.48
	16.26
	15.82
	40.57

	Julbernardia globiflora (Benth.) Troupin
	Fabaceae
	Shrub/Tree
	0.30
	63
	9.09
	12.61
	9.03
	30.74

	Combretum zeyheri Sond.
	Combretaceae
	Shrub/Tree
	0.18
	42
	6.06
	10.33
	12.96
	29.35

	Brachystegia manga De Wild.
	Fabaceae
	Tree
	0.19
	50
	7.27
	6.45
	5.78
	19.49

	Bauhinia petersiana Bolle
	Fabaceae
	Shrub/Tree
	0.24
	17
	2.42
	7.49
	7.93
	17.85

	Combretum molle (Klotzsch) Engl. & Diels
	Combretaceae
	Shrub/Tree
	0.11
	29
	4.24
	3.03
	4.95
	12.22

	Combretum collinum Fresen.
	Combretaceae
	Shrub/Tree
	0.09
	25
	3.64
	2.70
	3.61
	9.94

	Commiphora mossambicensis (Oliv.) Engl.
	Burseraceae
	Tree
	0.08
	17
	2.42
	3.20
	3.84
	9.46

	Terminalia sericea Cambess.
	Combretaceae
	Shrub/Tree
	0.07
	21
	3.03
	2.54
	3.46
	9.03

	Pterocarpus angolensis DC.
	Fabaceae
	Shrub/Tree
	0.12
	29
	4.24
	2.67
	1.76
	8.67

	Pseudolachnostylis maprouneifolia Pax
	Phyllanthaceae
	Shrub/Tree
	0.07
	25
	3.64
	1.80
	2.44
	7.88

	Dalbergia boehmii Taub.
	Fabaceae
	Shrub/Tree
	0.06
	8
	1.21
	2.87
	3.36
	7.44

	Ochna ovata F.Hoffm.
	Ochnaceae
	Shrub/Tree
	0.09
	8
	1.21
	2.33
	3.28
	6.83

	Brachystegia spiciformis Benth.
	Fabaceae
	Tree
	0.08
	21
	3.03
	2.17
	1.35
	6.55

	Burkea africana Hook.
	Fabaceae
	Tree
	0.05
	13
	1.82
	2.25
	2.20
	6.26

	Pericopsis angolensis (Baker) Meeuwen
	Fabaceae
	Tree
	0.08
	17
	2.42
	1.60
	1.56
	5.58

	Brachystegia boehmii Taub.
	Fabaceae
	Tree
	0.06
	17
	2.42
	1.60
	0.99
	5.01

	Lannea schimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shrub/Tree
	0.09
	21
	3.03
	1.11
	0.85
	4.99

	Terminalia mollis M.A.Lawson
	Combretaceae
	Shrub/Tree
	0.05
	17
	2.42
	1.21
	1.06
	4.70

	Strychnos potatorum L.f.
	Loganiaceae
	Shrub/Tree
	0.06
	13
	1.82
	1.29
	1.13
	4.24

	Dalbergia nitidula Welw. ex Baker
	Fabaceae
	Shrub/Tree
	0.05
	13
	1.82
	0.86
	1.26
	3.94

	Grewia bicolor Juss.
	Malvaceae
	Shrub/Tree
	0.08
	8
	1.21
	1.26
	1.33
	3.81

	Combretum fragrans F.Hoffm.
	Combretaceae
	Shrub/Tree
	0.07
	13
	1.82
	1.20
	0.67
	3.69

	Erythrophleum africanum (Benth.) Harms
	Fabaceae
	Tree
	0.05
	17
	2.42
	0.65
	0.29
	3.37

	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shrub
	0.03
	8
	1.21
	0.94
	0.94
	3.09

	Monotes africanus A.DC.
	Dipterocarpaceae
	Shrub/Tree
	0.05
	8
	1.21
	0.88
	0.51
	2.60

	Brachystegia longifolia 
Benth.
	Fabaceae
	Tree
	0.04
	8
	1.21
	0.68
	0.53
	2.42

	Grewia fallax K.Schum.
	Malvaceae
	Shrub/Tree
	0.06
	4
	0.61
	0.72
	0.84
	2.17

	Ziziphus mucronata Willd.
	Rhamnaceae
	Shrub/Tree
	0.04
	4
	0.61
	0.76
	0.61
	1.98

	Philenoptera eriocalyx 
(Harms) Schrire
	Fabaceae
	Tree
	0.03
	8
	1.21
	0.34
	0.22
	1.78

	Schrebera trichoclada Welw.
	Oleaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.51
	0.63
	1.75

	Bridelia cathartica Bertol.
	Phyllanthaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.50
	0.47
	1.58

	Swartzia madagascariensis
 Desv.
	Fabaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.55
	0.42
	1.57

	Zanha africana (Radlk.) Exell
	Sapindaceae
	Tree
	0.02
	4
	0.61
	0.54
	0.33
	1.48

	Pterocarpus trifoliatus
 (Lour.) Kuntze
	Fabaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.47
	0.37
	1.45

	Albizia tanganyicensis 
Baker f.
	Fabaceae
	Tree
	0.02
	4
	0.61
	0.51
	0.33
	1.45

	Sclerocarya birrea
(A.Rich.) Hochst.
	Anacardiaceae
	Tree
	0.03
	8
	1.21
	0.15
	0.08
	1.44

	Ormocarpum kirkii S.Moore
	Fabaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.38
	0.41
	1.39

	Catunaregam spinosa (Thunb.) Tirveng.
	Rubiaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.34
	0.39
	1.33

	Xylopia odoratissima 
Welw. ex Oliv.
	Annonaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.21
	0.42
	1.24

	Vachellia nilotica (L.) P.J.H.Hurter & Mabb.
	Fabaceae
	Shrub/Tree
	0.04
	4
	0.61
	0.35
	0.24
	1.20

	Commiphora schimperi (O.Berg) Engl.
	Burseraceae
	Shrub/Tree
	0.03
	4
	0.61
	0.29
	0.27
	1.16

	Afzelia quanzensis Welw.
	Fabaceae
	Tree
	0.02
	4
	0.61
	0.24
	0.26
	1.10

	Cussonia arborea Hochst. ex A.Rich.
	Araliaceae
	Tree
	0.02
	4
	0.61
	0.23
	0.27
	1.10

	Steganotaenia araliacea Hochst.
	Apiaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.19
	0.17
	0.97

	Vachellia gerrardi 
(Benth.) P.J.H.Hurter
	Fabaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.24
	0.08
	0.93

	Diospyros fischeri Gürke
	Ebenaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.14
	0.16
	0.91

	Commiphora eminii Engl.
	Burseraceae
	Tree
	0.02
	4
	0.61
	0.14
	0.10
	0.85

	Hexalobus monopetalus 
(A.Rich.) Engl. & Diels
	Annonaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.11
	0.02
	0.74

	Cassia abbreviata Oliv.
	Fabaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.06
	0.05
	0.72

	
	
	Total
	3.16
	688
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index, RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index

Appendix 7: Regenerants Tree and Shrub Species with a DBH <5 cm Sorted by IVI Identified in MVLFR
	Botanical Name
	Family
	Life form
	H
	Frequency
	RF
	RDe
	RDo
	IVI

	Julbernardia globiflora (Benth.) Troupin
	Fabaceae 
	Shrub/Tree 
	0.22
	54
	8.61
	15.43
	5.66
	29.70

	Diplorhynchus condylocarpon 
(Müll.Arg.) Pichon
	Apocyn-aceae
	Shrub/Tree 
	0.15
	46
	7.28
	6.59
	10.31
	24.18

	Combretum molle 
(Klotzsch) Engl. & Diels
	Combretaceae
	Shrub/Tree 
	0.22
	42
	6.62
	5.05
	8.01
	19.68

	Combretum zeyheri Sond.
	Combretaceae
	Shrub/Tree 
	0.20
	38
	5.96
	4.16
	9.11
	19.24

	Bauhinia petersiana Bolle
	Fabaceae 
	Shrub/Tree 
	0.14
	25
	3.97
	6.03
	8.25
	18.26

	Strychnos potatorum L.f.
	Loganiaceae
	Shrub/Tree 
	0.15
	33
	5.30
	5.56
	2.22
	13.07

	Brachystegia boehmii Taub.
	Fabaceae 
	Tree
	0.13
	21
	3.31
	6.50
	2.37
	12.18

	Brachystegia manga De Wild.
	Fabaceae 
	Tree
	0.21
	25
	3.97
	6.94
	0.11
	11.03

	Pericopsis angolensis 
(Baker) Meeuwen
	Fabaceae 
	Tree
	0.07
	17
	2.65
	4.71
	2.83
	10.19

	Brachystegia spiciformis Benth.
	Fabaceae 
	Tree
	0.09
	25
	3.97
	4.82
	0.98
	9.77

	Vernonia exsertiflora Baker
	Asteraceae
	Shrub/Tree 
	0.05
	4
	0.66
	4.17
	4.55
	9.37

	Catunaregam spinosa
 (Thunb.) Tirveng.
	Rubiaceae
	Shrub/Tree 
	0.07
	21
	3.31
	1.10
	3.90
	8.31

	Bridelia cathartica Bertol.
	Phyllanthaceae
	Shrub/Tree 
	0.06
	25
	3.97
	0.73
	3.44
	8.14

	Ochna ovata F.Hoffm.
	Ochnaceae 
	Shrub/Tree 
	0.08
	17
	2.65
	0.85
	4.46
	7.96

	Dichrostachys cinerea 
(L.) Wight & Arn.
	Fabaceae 
	Shrub/Tree 
	0.15
	8
	1.32
	3.29
	3.04
	7.66

	Schrebera trichoclada 
Welw.
	Oleaceae
	Shrub/Tree 
	0.07
	17
	2.65
	0.51
	3.60
	6.76

	Markhamia obtusifolia 
(Baker) Sprague
	Bignoniaceae 
	Shrub/Tree 
	0.08
	17
	2.65
	2.69
	1.15
	6.48

	Cassipourea mollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shrub
	0.08
	17
	2.65
	2.29
	1.05
	5.99

	Pseudolachnostylis maprouneifolia Pax
	Phyllanthaceae
	Shrub/Tree 
	0.07
	17
	2.65
	0.29
	2.75
	5.68

	Terminalia sericea  Cambess.
	Combretaceae
	Shrub/Tree 
	0.05
	13
	1.99
	0.82
	2.58
	5.38

	Swartzia madagascariensis Desv.
	Fabaceae 
	Shrub/Tree 
	0.05
	13
	1.99
	0.24
	2.95
	5.18

	Grewia fallax K.Schum.
	Malvaceae
	Shrub/Tree 
	0.08
	4
	0.66
	2.08
	2.01
	4.75

	Combretum collinum 
Fresen.
	Combretaceae
	Shrub/Tree 
	0.09
	8
	1.32
	2.35
	0.54
	4.22

	Grewia trichocarpa 
Hochst. ex A.Rich.
	Malvaceae
	Shrub/Tree 
	0.05
	4
	0.66
	1.25
	1.58
	3.49

	Dalbergia stuhlmannii 
Taub.
	Fabaceae 
	Shrub/Tree 
	0.10
	4
	0.66
	2.65
	0.00
	3.31

	Commiphora Africana

 (A.Rich.) Engl.
	Burseraceae
	Shrub/Tree 
	0.01
	4
	0.66
	0.08
	2.16
	2.90

	Ormocarpum kirkii S.
Moore
	Fabaceae 
	Shrub/Tree 
	0.02
	4
	0.66
	0.15
	2.02
	2.84

	Monotes africanus A.DC.
	Dipterocarpaceae
	Shrub/Tree 
	0.05
	4
	0.66
	0.50
	1.63
	2.79

	Rourea orientalis Baill.
	Connaraceae
	Shrub/Tree 
	0.09
	4
	0.66
	1.92
	0.00
	2.58

	Commiphora schimperi (O.Berg) Engl.
	Burseraceae
	Shrub/Tree 
	0.02
	8
	1.32
	0.25
	0.75
	2.33

	Dalbergia nitidula 
Welw. ex Baker
	Fabaceae 
	Shrub/Tree 
	0.03
	8
	1.32
	0.47
	0.45
	2.25

	Diospyros fischeri Gürke
	Ebenaceae 
	Shrub/Tree 
	0.02
	8
	1.32
	0.56
	0.16
	2.04

	Ochna schweinfurthiana 
F.Hoffm.
	Ochnaceae 
	Shrub/Tree 
	0.02
	4
	0.66
	0.58
	0.39
	1.63

	Erythrophleum africanum (Benth.) Harms
	Fabaceae 
	Tree
	0.02
	4
	0.66
	0.95
	0.00
	1.61

	Ziziphus mucronata Willd.
	Rhamnaceae
	Shrub/Tree 
	0.03
	4
	0.66
	0.16
	0.78
	1.61

	Grewia bicolor Juss.
	Malvaceae
	Shrub/Tree 
	0.02
	4
	0.66
	0.42
	0.47
	1.55

	Burkea africana Hook.
	Fabaceae 
	Tree
	0.01
	4
	0.66
	0.10
	0.77
	1.53

	Rothmannia engleriana (K.Schum.) Keay
	Rubiaceae
	Shrub/Tree 
	0.04
	4
	0.66
	0.87
	0.00
	1.53

	Gardenia ternifolia Schumach. & Thonn.
	Rubiaceae
	Shrub/Tree 
	0.05
	4
	0.66
	0.27
	0.47
	1.40

	Markhamia zanzibarica
 (Bojer ex DC.) K.Schum.
	Bignoniaceae 
	Shrub/Tree 
	0.04
	4
	0.66
	0.21
	0.48
	1.36

	Brachystegia longifolia Benth.
	Fabaceae 
	Tree
	0.02
	4
	0.66
	0.20
	0.38
	1.24

	Antidesma venosum E.Mey. ex Tul.
	Phyllanthaceae
	Shrub/Tree 
	0.01
	4
	0.66
	0.38
	0.12
	1.16

	Combretum fragrans F.Hoffm.
	Combretaceae
	Shrub/Tree 
	0.02
	4
	0.66
	0.26
	0.24
	1.16

	Commiphora mossambicensis (Oliv.) Engl.
	Burseraceae
	Tree
	0.01
	4
	0.66
	0.10
	0.35
	1.12

	Zanha africana (Radlk.) Exell
	Sapindaceae
	Tree
	0.01
	4
	0.66
	0.03
	0.37
	1.06

	Dalbergia boehmii Taub.
	Fabaceae 
	Shrub/Tree 
	0.01
	4
	0.66
	0.13
	0.17
	0.96

	Albizia amara (Roxb.) Boivin
	Fabaceae 
	Tree
	0.01
	4
	0.66
	0.13
	0.14
	0.94

	Xylopia odoratissima 
Welw. ex Oliv.
	Annonaceae
	Shrub/Tree 
	0.01
	4
	0.66
	0.13
	0.08
	0.87

	Turraea robusta Gürke
	Meliaceae
	Shrub/Tree 
	0.01
	4
	0.66
	0.03
	0.13
	0.82

	Multidentia crassa (Hiern) Bridson & Verdc.
	Rubiaceae
	Tree
	0.01
	4
	0.66
	0.03
	0.04
	0.73

	 
	 
	 Total
	3.35
	629
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index), RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index

Appendix 8: Inventory Form

	Forest Name
	Vegetation Type
	Plot Number
	Easting
	Northing
	Elevation
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	Number of stem
	Local Name (Gogo &Nyaturu)
	Botanical Name
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	Species Remark
	Plot Remark

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Appendix 9: Research Clearance Letters
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Zonal Commander,

Tanzania Forest Services Agency (TFS),
P.O.Box 840,

DODOMA.

Dear Zonal Commander,

RE: RESEARCH CLEARANCE FOR MR. ALLY JUMA, REG NO: PG202086297

2. The Open University of Tanzania was established by an Act of Parliament No. 17
of 1992, which became operational on the 1°'March 1993 by public notice No.55 in the
official Gazette. The Act was however replaced by the Open University of Tanzania
Charter of 2005, which became operational on 1'January 2007.In line with the Charter,
the Open University of Tanzania mission is to generate and apply knowledge through

research.

3. To facilitate and to simplify research process therefore, the act empowers the Vice
Chancellor of the Open University of Tanzania to issue research clearance, on behalf of
the Government of Tanzania and Tanzania Commission for Science and Technology, to
both its staff and students who are doing research in Tanzania. With this brief
background, the purpose of this letter is to introduce to you Mr. Ally Juma, Reg. No:

PG202086297), pursuing Master of Arts in Natural Resource and Management
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Dar es Salaam. Tel: 022-2-2668820.We lastly thank you in advance for your assumed

cooperation and facilitation of this research academic activity.
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THE OPEN UNIVERSITY OF TANZANIA
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both its staff and students who are doing research in Tanzania. With this brief
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EFFECTS OF BEEHIVE TYPES ON HONEY PRODUCTIVITY IN TANZANIA
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ABSTRACT
There has been a strong interest in developing approach to maximize honey production in Tanzania. The objective of the study was to determine the effect of beehive types and different vegetation types on honey productivity in Manyoni district, Tanzania. Structured interviews and field survey from two beekeeping management sites of Mwamagembe Village Land Forest Reserve (MVLFR) and Aghondi National Bee Reserve (ANBR) were used to collect data for this study. The results show that two types of hives namely Modern (Top bar) hive (74.7%) and traditional (Bark) hive (25.3%) exist in the study areas. In MVLFR the average honey productivity was 4.2 ± 0.06 and 2.9 ± 0.4 kg per year for modern and traditional hives respectively with a total of 50 species which belongs to 19 plant families that are being foraged by bees. In ANBR whereas only modern hive are found the average honey productivity was 6.4 ± 0.8 and 4.2 ± 0.06 kg per year in ANBR with itigi thicket and MVFLR with miombo woodland respectively, with a total of 42 species which belongs to 13 plant families that are being foraged by bees. The three dominant species identified in the miombo woodlands were Isoberlinia globiflora, Brachystegia boehimii, and Braychystegia spiciformis, whereas in Itigi thickets were Pseudoprosopsis fischer, Combretum celestroides, and Dichrostachy scinerea. These flora species has positive effect on honey productivity. To increase honey production, adoption of modern hive technology, bark hives deterrence and conservation of plant species with positive effect to honey production it is recommended. 
Key Words: Honey productivity, Beehive types, Bee forage, Miombo woodland, Itigithickets, Manyoni district

1. INTRODUCTION

Beehive type has a significant impact on honey production. The materials, design and structure usedinthebeehive directly affect foraging efficiency and finally the honey production (Bykov and Zaitsev, 2021). Hive selection plays an important role in optimizing honey production (Kuboja et el., 2017). The increased demand for honey production in the world due to increased population and consumer preference torwads organic honey products stimulate the need of improved technology to increase honey production (URT, 2019).
In the world, there are several beehive types used for honey productivity. Each type has unique structures and benefit suited for different beekeeping practices. Currently, 101 million beehives exist in the world and 1,770,119 tons of honeys are produced from these hives (Shahbandeh, 2024). In Africa, Ethiopia has annual production potential of 53,000 tons of honey with diverse environmental and climatic conditions (FAOSTAT, 2015, Musba K, 2024), from approximately 10 million beehives (Shekharet al., 2011).

In Tanzania, different beehive types are used to keep honeybees, ranging from traditional hives such as tree barks, and hollowed logs, to movable comb hives (Top Bar and Frame Hives) often referred to as box hives (URT, 2021). The most common movable comb hives used in Tanzania include the Tanzania Top Bar Hive (TTBH), Kenya Top Bar Hive (KTBH), Tanzania Commercial Hive (TCH), and Langstroth (frame hive) (URT, 2021). It is estimated about 1,529,995 beehives exist from approximately 0.82 million beekeepers, out of which about 1,506,345 (98.4%) are traditional and 23,650 (1.6%) box hives (URT, 2019).These hives vary in their productivity depending on their sizes, availability of health bee coloniesand quality of forages. For example, in the world, in 2018 the average honey yield per hive was ranging from 9 to 47 kilograms (FAOSTAT, 2020).
Tanzania has a significant potential to produce 138,000 tonnes of honey with current production of 31,405 tons in 2020 growing at an average annual rate of 3% representing only 23% of its potential (Shahbandeh, 2022). The uses of traditional beehive technologies from approximately 95% of beekeepers in the country are the reason for low honey production (Wawa et al., 2022, Mwakatobe and Mlingwa 2005). This variation reflects not only the differences in beekeeping practices but also the environmental conditions, flora quality and diversity, and the types of hives used.

Dispite Manyoni district having the highest potential of honey production in Tanzania (8,000 tones) due to the presence of virgin forest (mainly miombo woodlands and Itigi thickets) but the actual production is 600 tones with an average honey production of 7 kg and 12 kg for traditional hives and modern hives respectively (URT, 2019). Thus, produce only 7.5 % of their potential (URT, 2019). Kiros and Tsegay, (2017) reported the improvement of modern beehives in quantity of honey production with the average of 22 ± 4.6 and 16 ± 4.1 kg of honey harvested from frame and transitional hives per year in Oromiya, Ethiopia. However, the availability of modern beehives remains a significant challenge for many beekeepers in Africa. Scientists are still struggling to improve hive types, which will increase honey production (Kasangaki et al., 2014).
Different initiatives such as training opportunities and facilitating beekeeper acces to loans have been used to disseminate improved beehives in order to exploit production potential by increasing productivity per hive (Mwakatobe and Mlingwa, 2010; Nkojera, 2010). However, due to the traditional production system, the productivity per hive is low. Understanding the effect of different hive types can help beekeepers choose the most suitable hives for their specific needs and environment, lead to more effeicient and productive colonies. Thus, this study aimed to examine the effects of beehive type on honey productivity in Manyoni district, Tanzania.
2.    MATERIALS AND METHODS

2.1 Site description
The study was conducted at Mwamagembe Village Land Forest Reserve (MVLFR) and Aghondi National Bee Reserve (ANBR) in Manyoni district, Singida Region, Tanzania; located at (−6° 46’S and 33° 73ʹN and −5° 76’S and 34° 71ʹN respectively) (Fig. 1). These reserves are located between 1305m-1395m and 1290m-1320m above mean sea level respectively (URT, 2008). The Aghondi village which is dominated by Itigi thickets has unimodal rainfall with annual mean rainfall of 624 mm and monthly temperature varies from 19°C in July to 24.4°C in November. The average annual rainfall in Mwamagembe village varies from 500mm to 700mm and means annual temperature is 28oC. The study area falls in the semi-arid and arid zones of central Tanzania; both zones are characterized by dry seasons and unreliable rainfall (Walsh, 2000). Aghondi National Bee Reserve (ANBR) was declared to be a National Bee Reserve on October 19, 2015 and Gazetted through Government Notice (GN) No. 130 of 2019. It is owned by the central government under care of Tanzania Forest Services Agency (TFS). The ANBR covers about 2,162 hectares (21.62 km²), located 10km from Manyoni town along the Manyoni- Tabora railway line.  ANBR is bordered by Majengo Village in its East, Kashangu Village, Mbugani Village and Minene Swamp in its South, Aghondi Village in its west and Railway line lays the north side of Bee reserve. MVLFR covers a total of 500ha (50 Km2), located about 180 km west of the Manyoni Town. The forestland is located 5 km from village canter. The forest is located west of Itulu Hill Nature Forest Reserve where in between is separated by Nkululu River, and in the other side the forest is surrounded by farms. 
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Figure 1: The map of Tanzania showing the location of Mwamagembe Village Land Forest Reserve (MVLFR) and Aghondi National Bee Reserve (ANBR) in Manyoni District

2.2
Data collection

This study employed a qualitative and quantitative research approaches in collecting relevant data to address the objective of the study. The data collected consists both primary and secondary data. Primary data was obtained through questionnaire survey, key informant interview, direct field observations and forest inventory while secondary data were gathered through documentary review.
2.3
Sampling procedure and sample size determination 

2.3.1
Sampling procedure

A sampling unit was the beekeeping groups. For the purpose of this study, MVLFR and ANBR beekeeping management unit in Manyoni District were selected based on levels of honey production. Thereafter, in MVLFR three beekeeping groups were purposively selected to capture information in all levels of beekeeping production in the District. The selected groups include: Majaliwa, Miombo and Maendeleo. Beekeepers from each group were identified and the questionnaire was administered. In ANBR managed by TFS, District Forest Officer (DFO), District Beekeeping Officer (DBO), and four Beekeeping staffs were used as key informants for the study and a checklist was administered. 
2.3.2
Sample size determination

The total sample size for the study was 100 beekeepers’ from three beekeeping groups. For MVLFR, the sampling size was obtained using a formula developed by Yamane (1973) formula that:

[image: image23.emf]
Where n = Desired sample size N= sampling frame/Population of the study; 1 = constant; and e = allowable error/precision of sampling error.

According to NBS (2022), total number of respondents in Mwamagembe village was 18,144. That gives; n =18,144/ [1+18,144(0.1)2] =99.45 and therefore, estimated to 100 respondents. The sample size was selected based on the level of precision, confidence level or risk available and the degree of variability of the attribute being measured. Open and closed ended questions with a series of choices were used for respondents to choose the proper answer. The questionnaire was used to collect information on socio-economic variables of beekeepers’ households, type and number of beehives owned, beekeeping management practices, size of beekeeping area, production per hive per year, forage species and challenge and opportunity. 

Furthermore, in ANBR managed by central government and extend its beekeeping activities to MVLFR with only modern beehives, only key informants were interviewd. The key informants used includes: District Forest Officers, District beekeeping Officers and TFS officials. Key informants interview aimed to collect data on beekeeping activities including; type and number of beehives owned, beekeeping management practices, production potential and actual production per beehives and forage species for honey production.

In addition, systematic sampling design was adopted during forest inventory conducted in July 2024 and involved establishment of 45 and 24 concentric circular sample plots in ANBR and MVLFR respectively. This study adopted a sampling intensity of 0.15% and 0.3% for ANBR and MVLFR respectively. Hamza (2004) recommended sampling intensity within a range of 0.5% to 0.7% for tropical natural forest inventories. However, according to Malimbwi and Mugasha (2002) and Malimbwi et al. (2005), it is suggested that financial and time constraints and purpose of the forest inventory may dictate the sampling unit to be as low as 0.01%.
In ANBR the 45 plots were distributed along the five transect lines with varying distances based on the forest shape, established parallel to one another across the entire forest area of 2,162 ha (Figure 1). The distance between transect was 700 m and the distance between plots was 700 m. In MVLFR the 24 plots were distributed along the four transects with varying distances based on forest shape, established parallel to one another across the entire forest area of 500 ha (Figure 1). The distance between transects was 400 m and the distance between plots was 400 m (Malimbwi et al., 2005; MNRT, 2015). Elevation and location of each plot were recorded using GPS (Gps-Map 64s) (Obiriet al., 2010). 
The concentric plots had four radius: 2 m, 5 m, 10 m and 15 m (MNRT, 2015). In each sub-plots the following measurements were made: Within 2m radius all trees and shrubs with DBH <1 cm were identified,counted and recorded; Within 5m radius all trees and shrubs with DBH> 1 -< 5m were identified, measured and recorded; Within 10m radius all sub-adults with DBH ≥ 5 -< 20cm were identified, measured for diameter and recorded; and Within 15 m radius all adults trees with DBH ≥ 20 cm were identified, measured for diameter at species level and recorded (Malimbwi et al., 2000;Gilibaet al., 2011; MNRT, 2015). The adopted design was due to the fact that each individual have an equal chance of being selected in a sample under study (MNRT, 2015). Species identification was done in the field by a botanist.
2.4
Data analysis

The collected data were analysedfor household characteristics, number of beehives owned by different households, type of beehive identified, diversity of forage species and amount of honey harvested  per hives. In addition, species richness was analysed by the total number of observed species in the forest (Kacholi, 2014) and Species diversity was computed using Shannon-wiener diversity index (H’) (Kent 2012): 
H’= [image: image25.emf]
Where, n = number of species in a community and Pi= proportion of individual of the species expressed as a proportion of total abundance in the sample, and In = log basen. The dominance of species was calculated using the Importance value index (IVI). The IVI was determined as sum of relative frequency, relative density and dominance (basal area) and expressed in percent (Kent 2012).The output was then recorded and presented in tables and percentage using Microsoft spreadsheet. 
3. 0
RESULTS AND DISCUSSION

3.1 
Socio-demographic characteristics of the respondents

The summary results of the socio-demographic characteristics of respondents are presented in Table 1. In general, 33% of respondents were females, while the remaining 67% were males. With regards to education, 82% of the respondents had primary education while 5% had secondary education. Also, the majority of beekeepers (59%) were within the age group of 35 - 64 years while those with above 64 years accounted for 9% of the population.

Table 1: Socio-demographic characteristics of respondents found in Mwamagembe village, Manyoni district, Tanzania (n= 100)

	Demographic Variables
	Categories
	       N
	            Percentage (%)

	Sex
	Male
	67
	67

	
	Female
	33
	33

	Educational Status
	Primary
	82
	82

	
	Secondary
	5
	5

	
	Certificate
	13
	13

	Marital Status
	Married
	77
	77

	
	Single
	15
	15

	
	Divorced
	4
	4

	
	Widow
	4
	4

	Age groups
	18-34
	32
	32

	
	35-64
	59
	59

	
	64-70
	9
	9


The gender imbalance in beekeeping limits the potential for economic empowerment of women. Kuboja et al, (2017) obseverd that, in many regions, beekeeping is considered a male profession due to its perceived physical demands and cultural norms as it were observed in this study. Lifting heavy hives and managing aggressive bees are often cited as reasons why women are deemed less suitable. Similar findings are reported by Abdullahi et al. (2014), who found that in Kaduna state of Nigeria, men are dominating the beekeeping enterprise. Tessega (2009) observed that in Amhara region of Ethiopia, fear of bee stings and lacks of experience are the reason for little involvement of women in beekeeping activities. However, the result (33%) reported in this study, indicated that the participation of women in beekeeping is better than the finding reported by Kuboja (2017) in Western part of Tanzania found that only 2.2% of female participated in beekeeping practices compared to 97.8% of male in Tabora region. 
With regards to education, it has been observed that beekeeping in MVLFR is practiced most by people who have primary education while in ANBR is managed by government employee who had tertiary education. Mujuni et al., (2012) emphasizes the critical link between knowledge acquisition and the successful implementation of modern beekeeping technologies. Without adequate training, even the most advanced equipment remains underutilized. Beekeepers require practical skills in hive construction, queen rearing, honey extraction, and pest management. This knowledge is not only essential for maximizing honey yield and hive productivity but also for ensuring the health and welfare of the bee colonies. Similarly, Workneh, (2011) reported that the choice of best beehive type for honey production depend on education and access to information. Education increases understanding of the technology and best way to practice beekeeping. 

The finding in Table 1 revealed that, 59% of the age group of beekeepers observed in the study area falls in the framework of Tanzania as the working age group population(NBS, 2022), representing older and youth members. This age group constitutes the majority of the working population, playing a crucial role in the country’s economy. In Tanzania, age group frameworks are crucial for understand population demographics, labor force participation, employment trends and informing economic policies decisions. Majority (59%) of respondents in this study falls in the productive age group which is actively engaged in beekeeping activities.  This finding is related to that reported by Mbah (2012), who establish that 93.3% of beekeepers in Nigeria were within the productive age ranging from 20 to 50 years. Therefore, age has a positive influence on beekeeping activities.
3.2   Types of hives used for honey production in Manyoni District

The results (Table 2) identified 25.3% traditional beehives in MVLFR owned by three beekeeping groups and 74.7% (66.7% modern beehives in ANBR and 8% modern beehives in MVLFR both managed by TFS) (Plate 1 & 2). Modern hives are those, which involve the use of frame-hives and accessories. They contain bottom boards, boxes encompassing frames for brood and honey, and an inner cover and top cap-providing shelter from the weather (Plate 2). Traditional hives are hives that are constructed from locally available materials such as logs and barks by implementing indigenous knowledge in the design of the structure.

Table 2: Types and number of beehives identified in MVLFR and ANBR, Manyoni District, Tanzania

	Type of beehives
	Location/Owner
	Number of beehives
	Percentage (%)

	Traditional (Bark hives)
	Majaliwa group (MVFLR)
	213
	25.3

	
	Miombo group (MVFLR)
	97
	

	
	Maendeleo group (MVFLR)
	142
	

	
	Sub total
	452
	

	Modern (Top bar hives)
	Mwamagembe (MVFLR-TFS)
	144
	74.7



	
	Aghodhi (ANBR-TFS)
	409
	

	
	Kilinga (ANBR-TFS)
	519
	

	
	Msemembo (ANBR-TFS)
	264
	

	
	Sub total
	1,336
	

	Total
	 
	1,788
	100
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Plate 1: Example of traditional hives (bark hive) found in the MVLFR, Manyoni district, Tanzania
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Plate 2: Example of modern beehives (Top bar hives) found in the ANBR, Manyoni district, Tanzania
The traditional hives (bark hives) are obtained from peeling the pliable bark off a tree and allowing it to reform into its natural cylinder shape, then pegging the overlapping edges together. Both ends are closed using a circle of bark or wood and the hive is allowed to dry before hanging it in on a tree to attract a swarm of bees (Plate 3). The government of Tanzania through Beekeeping Value Chain Support Project (BEVAC) has done different initiatives such as training, technical assistance and supplied over 2,900 improved bee hives to beekeeper in different District including Manyoni District for improved yield and environmental protection and conservation (URT, 2024). Despite being supplied with improved hives, beekeepers in MVLFR continue to use traditional hives due to high cost of construction material of modern hives, strong cultural attachments, perceived suitability of traditional hives to the local environment, material availability and familiarity and skills.
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Plate 3: Cutting and debarking trees for log or bark beehive construction observed in the MVLFR, Manyoni District, Tanzania
It has been observed that TFS in both ANBR and MVLFR use modern (Top bar beehive) due to government policy, which discourage the use of traditional beehive and encourage the adoption of modern beehives to enhance honey production and income for beekeeper. The increased adoption of modern beehives in government-owned Apiaries is driven by a confluence of factors: Readily available modern equipment, government subsidies, and supportive policies (Kuboja et al., 2020). Policies are often driven by market demands, which priotize honey quality and quantity hance favor the use of modern, standardized beehives which are manageable for large scale production and neglect traditional bee hives due to lower production. 
In addition, subsidies are often coupled with training programs designed to educate TFS staffs on the proper use and maintenance of modern equipment. The combination of financial assistance and technical expertise is crucial for the successful adoption of modern beekeeping practices. Furthermore, the provision of other governmental allowances, such as access to credit facilities, contributes to the overall viability of adopting modern techniques. 
Similar results report byAsmita (2023) who observed 82% of beekeepers in Nepal use modern hives and 18% still use traditional hives. High adoption of modern hives for beekeepers in Nepal was due to the availability and accessibility of modern beehives and their packages accessories (honey harvesting, and processing equipment like wax-stumper, queen excluders, honey extractors, bee smoker and others), Subsidy and other governmental allowance through Prime Minister Agriculture Modernization Project and Agricultural Knowledge Centre. This result is also supported by the study conducted by Asmiro et al (2017) that 63.81% of beekeeper in Ethiopia use modern beehives and the remaining 36.19% use traditional beehives.

Improved beekeeping technologies, as highlighted by Tulu et al., (2020) in Southwestern of Ethiopia, offers significant advantages in honey productions. Higher honey yields are a primary benefit. Modern hives, often employing standardized frame sizes and improved hive designs, optimize space utilization and colony growth. This leads to a substantial increase in honey production compared to traditional methods. Furthermore, the ease of honey harvesting is significantly enhanced. Modern hives feature readily removable frames, allowing for efficient extraction without causing significant disturbance to the bee colony. 
However, the transition to modern beekeeping is not without its challenges. The high initial cost of modern hives and associated equipment presents a significant barrier to entry for many beekeepers, particularly small-scale operators. This financial hurdle can prevent the adoption of improved techniques, hindering the overall growth of the industry. Modern beekeeping necessitates a more in-depth understanding of bee biology, hive management techniques, and disease control. Therefore, this study observedthat, modern beehives are highly used by TFS due to availability of government subsidy, policy restriction and environmental friendly while the villagers use traditional hives due to cultural practice, accessibility and cost of materials.
3.3 Quantity of honey produced per each beehive type per year
The findings in Table 3 revealed that, average honey production from MVLFR was 2.9 ± 0.4 and 4.2 ± 0.06 kg of honey per year for traditional beehives owned by villagers and modern beehives owned by TFS respectively; and they were significant (p =0.0385). Furthermore, the average harvest for modern beehives managed by TFS was 6.4 ± 0.8 and 4.2 ± 0.06 kg of honey per year in ANBR and MVFLR respectively, with statistical significance level of (0.0426). According to the respondents, beekeepers in MVLFR did not harvest bees wax because of lack of knowledge or awareness about the significance of the product.
Table 3: Average honey productivity from different hives at MVLFR and ANBR in Manyoni District, Tanzania

	Station
	Hive Types
	Harvested Hive
	Honey/Kg
	Mean
	SD
	Min
	Max

	MVLFR
	Modern hive
	10
	42.11
	4.2
	0.0638
	4.16
	4.21

	
	Traditional hive
	180
	520
	2.9
	0.4111
	2.5
	3.5

	ANBR
	Modern hive
	629
	4,049.23
	6.4
	0.8967
	4.14
	10.4


S.D Standard deviation

The results in (Table 3) suggest that, honey production is higher for modern hives than traditional hives. Furthermore, the results suggest that, honey production was higher for modern hives managed within ANBR than MVLFR. The reason for the difference was that, TFS kept little number of hives in MVLFR due long distance from ANBR hance lack proper hive management such as hive inspection. These results are in line with Kuboja (2017) who reported that, the average honey production per improved beehive was 10.71 litres/hive compared to 6.49 litres per traditional beehive hanged in the forest reserves. The low honey production observed from hives in the studied area was due to continuous use of traditional hives. 
Furthemore, this study show that, the modern hives have not reached the average repoted by Kuboja (2017) due to little number of hives kept, inadequate beekeeping management practices such as irregular inspections in beehives owned by TFS in ANBR which lead to colony absconding and migration which negatively impact bee colonies and their ability to produce. 

“ANBR have 1,336 hives, 952 colonized and only 639 harvested. About 52.2% of hives have not managed to harvest because of colony absconding and migration due to poor hive management such as frequent inspection, poor quality of flora and sometimes water shortage”. Neema Mrina, Beekeeping Assistant Officer – Manyoni District
According to Edessa (2005) reported that, in Ethiopia where traditional beekeeping is practices resulted in lower honey production per beehive per annually. The modern hives observed to have high production due to better environment for bees to live and work, location, large internal volume of hives and presence of removable frame that allow beekeeper to work more quickly during hive inspection and honey harvesting (Tulu et al., 2020). However, the productivity of modern hive observed in the study area was below its potential compared to approximately 15.022 kg of honey per hive annually as reported by URT, (2019) due to poor apiary management practices such as frequent hive inspection which disturbs the colony and hence it absconds and the effect of climate change caused by cutting of trees to construct traditional hives. Also, the reported result was below the global recommendation which is about an average of 40 litrers of honey annually per beehive for commercial beekeepers using modern technologies (Muhammad and Abdulrahman, 2004). 

3.4 FLORA QUALITY

3.4.1 Species richness and diversity in ANBR

The inventory study conducted in ANBR showed that, a total of 42 species with 13 plant families were identified (Table 5). Furthermore, the results showed that, theShannon-Wiener diversity index was 3.04. 
The Importance Value Index (IVI) indicated Combretumcelastroides (69.86), Dichrostachyscinerea (25.72), Cassipoureamollis (14.73), Julbernardiaglobiflora (13.86) and Commiphoraedulis (13.73) were the most important species.

Table 5: List of Forage Species of Trees and Shrubs Sorted by IVI Observed in the ANBR, Manyoni District, Tanzania
	Botanical Name
	Family
	Habit
	H'*
	Frequency
	RF*
	RDe*
	RDo*
	IVI*

	Combretumcelastroides Welw. ex M.A.Lawson
	Combretaceae
	Shurb/Tree
	0.22
	33
	13.27
	29.39
	27.19
	69.86

	Dichrostachyscinerea (L.) Wight &Arn.
	Fabaceae
	Shurb/Tree
	0.2
	18
	7.08
	9.5
	9.15
	25.72

	Cassipoureamollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shurb
	0.14
	13
	5.31
	4.58
	4.84
	14.73

	Julbernardiaglobiflora (Benth.) Troupin
	Fabaceae
	Shurb/Tree
	0.25
	9
	3.54
	4.44
	5.88
	13.86

	Commiphoraedulis (Klotzsch) Engl.
	Burseraceae
	Shurb/Tree
	0.18
	13
	5.31
	3.64
	4.77
	13.73

	Haplocoelumfoliolosum (Hiern) Bullock
	Sapindaceae
	Shurb/Tree
	0.1
	9
	3.54
	4.8
	4.31
	12.65

	Craibiabrownii Dunn
	Fabaceae
	Tree
	0.28
	7
	2.65
	4.81
	4.52
	11.98

	Vangueriamadagascariensis J.F.Gmel.
	Rubiaceae
	Shurb/Tree
	0.05
	7
	2.65
	4.08
	4.71
	11.44

	Cassia abbreviata Oliv.
	Fabaceae
	Shurb/Tree
	0.14
	11
	4.42
	3.26
	2.26
	9.95

	Albiziapetersiana (Bolle) Oliv.
	Fabaceae
	Tree
	0.05
	7
	2.65
	3.37
	3.22
	9.24

	Bosciaangustifolia A.Rich.
	Capparaceae
	Shurb/Tree
	0.1
	11
	4.42
	2.89
	1.68
	8.99

	Pseudoprosopisfischeri Harms
	Fabaceae
	Shurb/Tree
	0.16
	4
	1.77
	3.51
	3.61
	8.89

	Busseamassaiensis (Taub.) Harms
	Fabaceae
	Shurb/Tree
	0.14
	9
	3.54
	2.35
	1.86
	7.75

	Commiphoraugogensis Engl.
	Burseraceae
	Tree
	0.07
	11
	4.42
	0.91
	2.09
	7.43

	Commiphoraschimperi (O.Berg) Engl.
	Burseraceae
	Shurb/Tree
	0.05
	4
	1.77
	2.19
	2.37
	6.33

	Baphiamassaiensis Taub.
	Fabaceae
	Shurb/Tree
	0.08
	2
	0.88
	2.7
	2.66
	6.25

	Brachystegiaspiciformis Benth.
	Fabaceae
	Tree
	0.1
	7
	2.65
	1.06
	2.36
	6.07

	Combretumcollinum Fresen.
	Combretaceae
	Shurb/Tree
	0.09
	4
	1.77
	1.49
	1.83
	5.08

	Markhamiaobtusifolia (Baker) Sprague
	Bignoniaceae
	Tree
	0.05
	4
	1.77
	1.09
	1.58
	4.44

	Afrocanthiumburttii (Bullock) Lantz
	Rubiaceae
	Tree
	0.05
	7
	2.65
	0.78
	0.46
	3.9

	Mystroxylonaethiopicum (Thunb.) Loes.
	Celastraceae
	Tree
	0.05
	2
	0.88
	1.05
	1.76
	3.69

	Combretumhereroense Schinz
	Combretaceae
	Shurb/Tree
	0.04
	2
	0.88
	1.07
	1.09
	3.04

	Ochnasp
	Ochnaceae
	Tree
	0.02
	4
	1.77
	0.67
	0.53
	2.96

	Veprisnobilis (Delile) Mziray
	Rutaceae
	Tree
	0.03
	4
	1.77
	0.66
	0.45
	2.88

	Tarennapavettoides (Harv.) Sim
	Rubiaceae
	Shurb/Tree
	0.04
	4
	1.77
	0.76
	0.13
	2.66

	Lanneaschweinfurthii (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.02
	2
	0.88
	0.87
	0.87
	2.62

	Lanneafulva (Engl.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.02
	4
	1.77
	0.32
	0.32
	2.41

	Euphorbia candelabrum Welw.
	Euphorbiaceae
	Tree
	0.02
	4
	1.77
	0.28
	0.31
	2.36

	Sclerocaryabirrea (A.Rich.) Hochst.
	Anacardiaceae
	Tree
	0.02
	2
	0.88
	0.45
	0.86
	2.19

	Sennasingueana (Delile) Lock
	Fabaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.59
	0.36
	1.83

	Combretumzeyheri Sond.
	Combretaceae
	Shurb/Tree
	0.05
	2
	0.88
	0.47
	0.42
	1.78

	Dalbergiaboehmii Taub.
	Fabaceae
	Shurb/Tree
	0.04
	2
	0.88
	0.44
	0.29
	1.62

	Ormocarpumkirkii S.Moore
	Fabaceae
	Shurb/Tree
	0.02
	2
	0.88
	0.42
	0.19
	1.5

	Hymenodictyonfloribundum (Hochst. &Steud.) 
	Rubiaceae
	Shurb/Tree
	0.05
	2
	0.88
	0.33
	0.14
	1.35

	Catunaregamspinosa (Thunb.) Tirveng.
	Rubiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.27
	0.14
	1.29

	Combretummolle (Klotzsch) Engl. & Diels
	Combretaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.08
	0.18
	1.15

	Lanneaschimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.07
	0.19
	1.14

	Commiphoraafricana (A.Rich.) Engl.
	Burseraceae
	Shurb/Tree
	0.01
	2
	0.88
	0.04
	0.19
	1.11

	Philenopteraviolacea (Klotzsch) Schrire
	Fabaceae
	Tree
	0.01
	2
	0.88
	0.07
	0.13
	1.08

	Combretumfragrans F.Hoffm.
	Combretaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.14
	0.05
	1.07

	Commiphoramollis (Oliv.) Engl.
	Burseraceae
	Shurb/Tree
	0.01
	2
	0.88
	0.1
	0.02
	1

	Rytigyniauhligii (K.Schum. &K.Krause) Verdc.
	Rubiaceae
	Shurb/Tree
	0.01
	2
	0.88
	0.07
	0.02
	0.97

	
	
	Total
	3.04
	251
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index, RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index
3.4.2 Species richness and diversity in MVLFR

In MVLFR a total of 50 species with 19 plant families were identified (Table 6). The Shannon-Wiener diversity index was 3.16. The Importance Value Index (IVI) indicated Diplorhynchus condylocarpon (40.57), Julbernardia globiflora (30.74) and Combretum zeyheri (29.35) were the most important species.
Table 6: List of forage species of trees and shrubs sorted by IVI observed in the MVLFR, Manyoni District, Tanzania

	Botanical Name
	Family
	Habit
	H'
	Frequency
	RF
	RDe
	RDo
	IVI

	Diplorhynchuscondylocarpon (Müll.Arg.) 
	Apocynaceae
	Shrub/Tree
	0.25
	58
	8.48
	16.26
	15.82
	40.57

	Julbernardiaglobiflora (Benth.) Troupin
	Fabaceae 
	Shrub/Tree
	0.3
	63
	9.09
	12.61
	9.03
	30.74

	Combretumzeyheri Sond.
	Combretaceae
	Shrub/Tree
	0.18
	42
	6.06
	10.33
	12.96
	29.35

	Brachystegia manga De Wild.
	Fabaceae 
	Tree
	0.19
	50
	7.27
	6.45
	5.78
	19.49

	Bauhinia petersiana Bolle
	Fabaceae 
	Shrub/Tree
	0.24
	17
	2.42
	7.49
	7.93
	17.85

	Combretummolle (Klotzsch) Engl. & Diels
	Combretaceae
	Shrub/Tree
	0.11
	29
	4.24
	3.03
	4.95
	12.22

	Combretumcollinum Fresen.
	Combretaceae
	Shrub/Tree
	0.09
	25
	3.64
	2.7
	3.61
	9.94

	Commiphoramossambicensis (Oliv.) Engl.
	Burseraceae
	Tree
	0.08
	17
	2.42
	3.2
	3.84
	9.46

	Terminaliasericea Cambess.
	Combretaceae
	Shrub/Tree
	0.07
	21
	3.03
	2.54
	3.46
	9.03

	Pterocarpusangolensis DC.
	Fabaceae 
	Shrub/Tree
	0.12
	29
	4.24
	2.67
	1.76
	8.67

	Pseudolachnostylismaprouneifolia Pax
	Phyllanthaceae
	Shrub/Tree
	0.07
	25
	3.64
	1.8
	2.44
	7.88

	Dalbergiaboehmii Taub.
	Fabaceae 
	Shrub/Tree
	0.06
	8
	1.21
	2.87
	3.36
	7.44

	Ochnaovata F.Hoffm.
	Ochnaceae 
	Shrub/Tree
	0.09
	8
	1.21
	2.33
	3.28
	6.83

	Brachystegiaspiciformis Benth.
	Fabaceae 
	Tree
	0.08
	21
	3.03
	2.17
	1.35
	6.55

	Burkeaafricana Hook.
	Fabaceae 
	Tree
	0.05
	13
	1.82
	2.25
	2.2
	6.26

	Pericopsisangolensis (Baker) Meeuwen
	Fabaceae 
	Tree
	0.08
	17
	2.42
	1.6
	1.56
	5.58

	Brachystegiaboehmii Taub.
	Fabaceae 
	Tree
	0.06
	17
	2.42
	1.6
	0.99
	5.01

	Lanneaschimperi (Hochst. ex A.Rich.) Engl.
	Anacardiaceae
	Shrub/Tree
	0.09
	21
	3.03
	1.11
	0.85
	4.99

	Terminaliamollis M.A.Lawson
	Combretaceae
	Shrub/Tree
	0.05
	17
	2.42
	1.21
	1.06
	4.7

	Strychnospotatorum L.f.
	Loganiaceae
	Shrub/Tree
	0.06
	13
	1.82
	1.29
	1.13
	4.24

	Dalbergianitidula Welw. ex Baker
	Fabaceae 
	Shrub/Tree
	0.05
	13
	1.82
	0.86
	1.26
	3.94

	Grewia bicolor Juss.
	Malvaceae
	Shrub/Tree
	0.08
	8
	1.21
	1.26
	1.33
	3.81

	Combretumfragrans F.Hoffm.
	Combretaceae
	Shrub/Tree
	0.07
	13
	1.82
	1.2
	0.67
	3.69

	Erythrophleumafricanum (Benth.) Harms
	Fabaceae 
	Tree
	0.05
	17
	2.42
	0.65
	0.29
	3.37

	Cassipoureamollis (R.E.Fr.) Alston
	Rhizophoraceae
	Shrub
	0.03
	8
	1.21
	0.94
	0.94
	3.09

	Monotesafricanus A.DC.
	Dipterocarpaceae
	Shrub/Tree
	0.05
	8
	1.21
	0.88
	0.51
	2.6

	Brachystegialongifolia Benth.
	Fabaceae 
	Tree
	0.04
	8
	1.21
	0.68
	0.53
	2.42

	Grewiafallax K.Schum.
	Malvaceae
	Shrub/Tree
	0.06
	4
	0.61
	0.72
	0.84
	2.17

	Ziziphusmucronata Willd.
	Rhamnaceae
	Shrub/Tree
	0.04
	4
	0.61
	0.76
	0.61
	1.98

	Philenopteraeriocalyx (Harms) Schrire
	Fabaceae 
	Tree
	0.03
	8
	1.21
	0.34
	0.22
	1.78

	Schreberatrichoclada Welw.
	Oleaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.51
	0.63
	1.75

	Brideliacathartica Bertol.
	Phyllanthaceae
	Shrub/Tree
	0.03
	4
	0.61
	0.5
	0.47
	1.58

	Swartziamadagascariensis Desv.
	Fabaceae 
	Shrub/Tree
	0.03
	4
	0.61
	0.55
	0.42
	1.57

	Zanhaafricana (Radlk.) Exell
	Sapindaceae
	Tree
	0.02
	4
	0.61
	0.54
	0.33
	1.48

	Pterocarpustrifoliatus (Lour.) Kuntze
	Fabaceae 
	Shrub/Tree
	0.02
	4
	0.61
	0.47
	0.37
	1.45

	Albiziatanganyicensis Baker f.
	Fabaceae 
	Tree
	0.02
	4
	0.61
	0.51
	0.33
	1.45

	Sclerocaryabirrea (A.Rich.) Hochst.
	Anacardiaceae
	Tree
	0.03
	8
	1.21
	0.15
	0.08
	1.44

	Ormocarpumkirkii S.Moore
	Fabaceae 
	Shrub/Tree
	0.02
	4
	0.61
	0.38
	0.41
	1.39

	Catunaregamspinosa (Thunb.) Tirveng.
	Rubiaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.34
	0.39
	1.33

	Xylopiaodoratissima Welw. Ex Oliv.
	Annonaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.21
	0.42
	1.24

	Vachellianilotica (L.) P.J.H.Hurter&Mabb.
	Fabaceae 
	Shrub/Tree
	0.04
	4
	0.61
	0.35
	0.24
	1.2

	Commiphoraschimperi (O.Berg) Engl.
	Burseraceae
	Shrub/Tree
	0.03
	4
	0.61
	0.29
	0.27
	1.16

	Afzeliaquanzensis Welw.
	Fabaceae 
	Tree
	0.02
	4
	0.61
	0.24
	0.26
	1.1

	Cussoniaarborea Hochst. exA.Rich.
	Araliaceae
	Tree
	0.02
	4
	0.61
	0.23
	0.27
	1.1

	Steganotaeniaaraliacea Hochst.
	Apiaceae 
	Shrub/Tree
	0.02
	4
	0.61
	0.19
	0.17
	0.97

	Vachelliagerrardi (Benth.) P.J.H.Hurter
	Fabaceae 
	Shrub/Tree
	0.03
	4
	0.61
	0.24
	0.08
	0.93

	Diospyrosfischeri Gürke
	Ebenaceae 
	Shrub/Tree
	0.02
	4
	0.61
	0.14
	0.16
	0.91

	Commiphoraeminii Engl.
	Burseraceae
	Tree
	0.02
	4
	0.61
	0.14
	0.1
	0.85

	Hexalobusmonopetalus (A.Rich.) Engl
	Annonaceae
	Shrub/Tree
	0.02
	4
	0.61
	0.11
	0.02
	0.74

	Cassia abbreviata Oliv.
	Fabaceae 
	Shrub/Tree
	0.02
	4
	0.61
	0.06
	0.05
	0.72

	
	
	 Total
	3.16
	688
	100
	100
	100
	300


Where, H’ = Shannon-Wiener diversity index, RF= Relative Frequency, RDe= Relative Density, RDo= Relative Dominance, IVI = Importance Value Index
High species richness and diversity implies the forest has more diverse plant life, which leads to increased honey production because it provides a more diverse and abundant food sources for honeybees’ particulary nectar and pollen sources. Magurran (2004) stated that the higher the H’ value, the higher the species diversity. Values of the index usually lie between 1.5 and 3.5, although in exceptional cases, the value can exceed 4.5 (Kent 2012). Therefore, the H’ value of 3.04 and 3.2 from ANBR and MVLFR respectively in this study indicates that the ANBR and MVLFR have a moderately high level of flora quality contributing to honey productions, it also suggest a healthier and more stable ecosystem for honeybee colonies as they have  agreater variety of nectar sources. Honey production and other honeybee products depend on availability of floral resources (bee forage). The quality and diversity of floral (bee forage) has direct impact to honey production. Floral resources availability has been identified as a key driver of bee abundance and diversity in natural ecosystem. Furthermore, flora resources are a critical determinant of bee abundance and diversity because bee require pollen obtained from nearby flowering plants for honey production. A different type of forage species available to honey bees has significant effect to honey production. The more abundant and diversity of forage species the higher the potential for honey productions. This increases the bee forage and biodiversity of the study area. Even though MVLFR has a high Shannon Wiener diversity index, honey production was law due to the type of bee technology used and the size of the forest being small. High Species richnes indicate that an ecosystem has a large number of different species which plays a vital role in an ecosystem. The species richness reported in this study is lower than that of Kalaba et al. (2013) who reported a total of 83 species belonging to 53 families from Zambia using 24 sample plots. Giliba et al., (2011) reported a species richness of 110 in miombo woodland of Bereko Forest Reserve in Babati district. Luoga (2000) reported 79 species in Kitulanghalo Forest Reserve. However, species richness of 42 and 50 reported in this study was higher compared to study by Mwampashi (2013) from Iwuma forest reserve in southern highland in Mbozi District, Tanzania who reported 11 species. The high species richness in the study area Suggest that there is a high potential for beekeeping activities.
ANBR is floristically rich and dominated with Itigi thicket species which includes Pseudoprosopsis fischeri, Combretum celastroides, Dichrostachys cinerea, Cassipourea mollis, Julbernardia globiflora  and Commiphora edulis (URT, 2008) while the MVLFR is floristically rich with miombo woodlands composed of miombo dominants such as Julbernadia globiflora, Brachystegia spiciformis, Brachystegia boehimii, Combretum celastroides, Dichrostachy scinerea, Diplorhynchus condylocarpon and Combretum zeyheri (WWF, 2014; URT, 2008).
4.  CONCLUSION

There are two beehive type identified in the study area namely modern (Top bar hive) and traditional (Bark hive). Modern hive was found to yield more honey compared to traditiona hives. The flora availability and quality was high and observed to have played a critical role to honey production. The dominance forage species which contribute to honey productions were Isoberlinia globiflora, Brachystegia boehimii, Braychystegia spiciformis, Julbernardia globiflora, Pterocarpus tinctorius and Dalbergia boehmii in miombo woodlands and Pseudoprosopsis fischer, Combretum celestroides, Dichrostachy scinerea, Commiphora ugogonsis, Cassipourea mollis and Vangueria madagascariencis found in Itigi thicket. The low production of traditional hives can simply be solved by adjusting the policy and government principles. In order to increase honey production selection of improved hive technology, sustainability of bee forage species and proper hive management are inevitable. Unfortunately, the continuous use of traditional hives, improper hive management such as irregular inspections and small size of the forest are the source of low honey production in the study area. 

The study recommend that in order to increase honey bee production,efforts should be focused primarily on improved beekeeping practices, credit provision need to be facilitated to supply improved bee-hives and accessory equipment to indigenous beekeeprs, proper establishment and maintenance of the apiary, as well proper hive management and increase number of hives. Furthermore, the governments are adviced to enact strict policy which discourages the use of traditional hives and protection of forage plants.
ACKNOWLEDGEMENTS

TFS is aknowledged for financial support. Mr. David Kambulaje, Felishian Shayo, Neema Mrina, Jofrey Jacob, Iddi Beya (Botanist) and Beekeepers in Mwamagembe village are acknowledged for their assistance during field work. 
REFERENCES

Abdullahi, A., Isekenegbe, J. and Mohammed, U.S. (2014). Comparative economic analysis of modern and traditional beekeeping in Lere and Zaria local government areas of Kaduna State, Nigeria.

Al-Ghamdi, A.A., (2010). Comprehensive study for the current beekeeping industry of imported and native honeybee in the Kingdom of Saudi Arabia. Final report King Abdulaziz City for Science and Technology General Administration of Grant Program King Saud University.

Asmiro A, Kindye A, Mulugeta A, Lijalem A (2017). Adoption and Intensity of Modern Bee Hive in wag Himra and North Wollo zones, Amhara region, Ethiopia. AgricResour Econ IntSci E-J.;3(1):5–26.

Asmita P., Dipa A., A., Santosh. P., (2023). Assessment of the existing status of the beekeeping sub-sector in the Dang district, Nepal.RJOAS: Russian Journal of Agricultural and Socio-Economic Sciences UDC 631; DOI 10.18551/rjoas.2023-09.11 ISSN 2226-1184 (Online) | Issue 9(141).

Beyene, T., Abi, D., Chalchissa, G. and Wolda, M. (2016). Evaluation of Transitional and Modern Hives for Honey Production in Mid Rift Valley of Ethiopia.Global Journal of Animal Scientific Research. 3(1):48-56.
Edessa, N. (2005). Survey of honey production system in West Shewa Zone: Proceedings of the 4th Ethiopian Beekeepers Association (EBA).

FAOSTAT (2020). Food and Agriculture Organization of the United Nations. Rome. http://faostat.fao.org. Accessed 27 September 2024.

FAOSTAT database, (2015). http://data.fao.org/ref/262b7 9ca-279c-4517-93de-ee3b7 c7cb5 53.

Gemechis LY (2016). Honey Production and Marketing in Ethiopia. ABJNA 7(5):248–253

Giliba RA, Boon EK, Kayombo CJ, Musamba EB, Kashindye AM and Shayo PF (2011). Species composition, richness and diversity in Miombo woodland of Bereku Forest Reserve, Tanzania.Biodiversity J. 2(1): 1-7.

Girma M, Ballo S, Tegegne A, Alemayehu N, Belayhun L (2008). Aproaches, methods and processes for innovative apiculture development: experiences from Ada’a-LibenWoreda, Oromia Regional State, Ethiopia. Improving Productivity and Market Success (IPMS) of Ethiopian Farmers Project Working Paper 8. ILRI (International Livestock Research Institute), Nairobi, Kenya.

Kiros, W and Tsegay, T. (2017). Honeybee production practices and hives technology preferences in Jimma and Illubabor Zone of Oromiya Regional State, Ethiopia. Agriculture and Environment. 9: 31- 43.

Hausser, Y. and Mpuya, P. (2004). Beekeeping in Tanzania: when the bees get out of thewoods. An innovative cross sectoral approach to community based natural resource management. Game and Wildlife Science, 21(3): 291-312.

Kalaba FK, Quinn CH, Dougill AJ and Vinya R (2013). Floristic composition, species diversity and carbon storage in charcoal and agriculture fallows and management implications in Miombo woodlands of Zambia.For. Ecol. Manage. 304: 99-109. 

Kasangaki, P., Gupta, R.K., Chemurot, M., Sharma, D., (2014). Bee Hives in the World. In book: Beekeeping for Poverty Alleviation and Livelihood. Springer science.

Kayombo.C. J., Mpinga. I., and Natai. H. (2013). Melliferous Status and Activities Endangering Tree Species Composition and Diversity Survey of Mlele Bee Keeping Zone [Mbkz], in Mlele District, Katavi Region-Tanzania.Report to the Association for Development of Protected Areas [ADAP] carried out by the Forestry Training Institute-Olmotonyi, Arusha-Tanzania.

Kent, M. (2012). Vegetation Description and Analysis, A Practical Approach, Wiley-Blackwell, John Wiley & Sons, Hoboken, NJ, USA, 2nd edition.

Kuboja, N. M., Isinika, A. C., Kilima, F. T. M. (2017). Comparative economic analysis of beekeeping using traditional and improved beehives in the Miombo woodlands of Tabora and Katavi regions, Tanzania.Huria: Journal of the Open University of Tanzania, 22(1), 100–115.

Kuboja, N. M., Isinika, A. C., Kilima, F. T. M. (2020). Adoption and impacts of improved beehive technologies in the miombo woodland of Tanzania. African Journal of Science, Technology, Innovation and Development, 13 (2) 157-166. https://doi.org/10.1080/20421338.2020.1815943.

Luoga, E. J., Kajembe, G. C., Shemweta, D.T. K., Zahabu, E., Mwaipopo, C. S. and Kweka, D.L. (2000). Assessment of tree stocking and diversity for Joint Forest Management (JFM) in Kweshoo Village Forest Management Area, Kilimanjaro Tanzania.Forests, trees and livelihoods 15: 259 - 273.

Magurran AE (2004). Measuring Biological Diversity. Black Well, Oxford, UK.

Malimbwi RE, Mugasha AG (2002). Reconnaissance Timber Inventory for Handeni Hill Forest Reserve in Handeni District, Tanzania. Morogoro: FOCON-SULT.

Malimbwi, R. E and Mugasha, A. G. &Monela, G.C. (2005). Reconnaissance Timber Inventory Report for Handeni Hill Forest Reserve in Handeni District, Tanzania. FOCONSULT, Faculty of Forestry and Nature Conservation, Sokoine University of Agriculture, Morogoro, Tanzania. 34 pp.

Mbah, S. O. (2012). Profitability of Honey production enterprise in Umuahia Agricultural Zone of AbiaSatae, Nigeria.International Journal of agriculture and rural development, 15(3): 1268-1274.

Mlingwa, C. and Mwakatobe, A. (2010). Bee Products Marketing in Tanzania

MoARD (2007). Ministry of Agriculture and Rural Development.Livestock Development Master Plan Study.Phase I Report – Data Collection and Analysis, Volume N - Apiculture. Addis Ababa, Ethiopia

Mohammed, R.J.S. and Abdurrahman, Y.H.E. (2004). A comparative Analysis of Beekeeping and crop production in Nigeria. Available at: www.apiservice.com/apimondia/2revisedbeekeepingcrops2006.doc. (Visited on 02 December, 2023).

Mujuni A. K. and Kugonza D.R. (2012). Factors affecting the adoption of beekeeping and associated technologies in Bushenyi District, Western Uganda. Livestock research for development, 24:1-13.

Musba K., (2024). Trend analysis of honey production, Export and local supply in Ethiopia. Global scientific journal Vol. 12. Pp 1604-1608

Mwakatobe, A.R. and Mlingwa, C. (2005). The status of Tanzanian honey trade: domestic and international markets. Bees for Development Honey Trade Workshop, Dublin, Ireland.

Mwampashi YP (2013). Woodland structure, basic density and above ground carbon stock estimations of wet miombo woodlands in Mbozi district Tanzania.MSc.Forestry Dissertation, Sokoine University of Agriculture.
National Bureau of Statistics (2022). 2022 Population Census: Coast region profile. Government of Tanzania, Dar essalaam. Http:// www.tanzania.go.tz/sensa/district/manyoni.html.

Nkonjera, J.M. (2010). Adoption of Improved Beekeeping technologies and contribution to the income of local community in Mpanda district, Tanzania.Dissertation for Award of MSc Degree at Sokoine University of Agriculture, Morogoro, Tanzania, 72pp.

Shahbandeh.M, (2022). Major producer of honey worldwide 2020.Available on https://www.statista.com/statistics/812172/global-top-producers-of-honey/.Visited on 02/04/2022.

Shekhar A, Gizachew S., (2011). Engaging smallholders in value chains: creating new opportunities for beekeepers in Ethiopia, programme insights. Nairobi: Oxfam GB.

Tarimo K.V., Mgumia F.H. (2018). Approaches and Constraints for Community Participation in Wildlife Conservation: A Case Study of the Rungwa Game Reserve in the Manyoni District. Asian Journal of Environment & Ecology, 7, 1: 1–12.

Tessega, B. (2009). Honeybee Production and Marketing Systems, Constraints and Opportunities in Burie District of Amhara Region, Ethiopia. MSc. thesis, Bahridar University, Pp 116.
Tulu D, Aleme M, Mengistu G, Bogale A, Bezabe A, Mendesil E (2020). Improved beekeeping technology in Southwesten Ethiopia:focus on beekeeper’s perception, adoption rate, and adoption determinants. Cogent Food Agric. http://doi.org/10/1080/23311932.2020.1814070.Visited on 19 November, 2024.

URT, (2019). Establishment of Bee Products Processing and Packing Industries in Tanzania. Assessment of Viability and Criteria for Decision making, Ministry of Natural Resources and Tourism.

URT, (2021). National Beekeeping Policy Implementation Strategy (2021-2031). Ministry of Natural Resources and Tourism, Dodoma.

URT, (2021). The National Beekeeping Training and Extension Manual.Beekeeping for Improved Livelihood.Forestry and Beekeeping Division.Ministry of Natural Resources and Tourism.The United Republic of Tanzania.

Walsh, M. (2000). The Development of Community Wildlife Management in Tanzania.

Wawa M.M., Lusambo L.P. and Mbeyale G.E (2022). Resource Use Efficiency in Beekeeping Using Modern Beehives: A Case of Sikonge District, Tabora – Tanzania. Tanzania Journal of Forestry and Nature Conservation, Vol 91, No. 2 pp 83-93.
Workneh A., (2007). Determinants of adoption of improved box hive in Atsbi-Womberta district of eastern zone, Tigray region. An MSc Thesis Presented to School of Graduate Studies of Haramaya University, Ethiopia.

Yamane, Taro. (1973). Statistics: An Introductory Analysis. London: John Weather Hill, Inc.

Yirga, G., Teferi, M. (2010). Participatory Technology and Constraints Assessment to Improve the Livelihood of Beekeepers in Tigray Region, northern Ethiopia.MomonaEhiopian Journal of Science, 2(1), 76–9.

Bykov, A. R., Zaitsev G. A.(2021).  Impact of the design and material of the hives on honey production of bees.Bunin Yelets State University, Russia. Earth and Environmental Science 839 (2021) 022011. doi:10.1088/1755-1315/839/2/022011

Beehive type


Traditional beehive


Modern beehive


Forage species





Honey production








Intervention


Capacity building


Government intervention


Increase beehive number


Choose suitable beehive








