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1 Project Title: The performance of African honeybee colonies in Uganda
2 Research Areas:
 Harnessing genetic diversity for conservation, resistance to disease and improving productivity of crops and livestock and fish (livestock focus: African indigenous breeds, particularly of goats, chickens, and calves and other micro-livestock)
3 Abstract
The low honey production level is an increasing problem in Uganda’s apiculture sector. This proposal addresses the extent to which honey production has been affected by; the nutritional imbalances, disease pathogens, pests & parasites and other issues that need to be considered to increase honey production. The objectives of the study are; 1) the important bee forages responsible for honey production, 2) honeybee pathogens, pests & parasites that affect honey production. 3) the genetic markers associated with honeybee resistance to pathogens, pests and parasites. The approaches to be used to obtain the solutions are: palynological analysis of honey and screening colonies for resistance to pests and disease pathogens. The study will come up with important bee forages responsible for honey production, a list of honeybee pests, parasites, pathogens and genetic markers associated with pest and disease resistance.  The identified bee forages will be promoted by extension workers and genetic markers will be useful in selective breeding of resistant honeybee colonies.  The study duration is one year in four agro-ecological zones in Uganda: Kyoga plains agro-ecological zone, North Eastern Savannah Grassland, Lake Victoria crescent and Western highlands represented respectively by; Tororo, Lira,  Nakasongola and Kabarole districts.
4 Statement of the problem, background and justification (500 Words)
Honeybees are the smallest animals of all the livestock; almost every village in the tropics has traditionally had a beekeeper or two. Importance of bee keeping is slowly being recognized and is now one of the fastest growing sectors worldwide where a number of countries are making developments. Honey is the major product traded worldwide. Besides honeybees are also efficient pollinators; about 90% of the pollinator-dependent crops worldwide rely on honeybees for pollination. In the tropics; fruit crops, oil seeds are pollinated by honeybees.
In Uganda beekeeping has a substantial contribution towards employment and economy; it is easy and less expensive to operate than any other income generating activity and there is no need to purchase bee feeds as bees collect nectar and pollen from available sources of existing natural bee plants.  The bee keeping methods used range from traditional to modern; the traditional/fixed comb bee hives used are of various types depending on the location with locally available materials used for hive construction ranging from bamboo, palm tree logs, twigs and sticks (Kugonza and Nabakabya, 2008).  Two types of modern hives made from timber are in use: Kenya Top bar hive and the Langstroth hive.  There are over 120,000 beekeepers in Uganda organized around honey producer groups; some apiaries are group owned and others are owned by individuals. 
With the diversity of vegetation, indigenous knowledge and skills in bee keeping, Uganda has the capacity to produce 500,000 tons of honey per year; however the estimated annual production is just 10% (MAAIF 2008).  Most of the honeys sold in Uganda’s super markets are imported (Kugonza and Nabakabya 2008). Uganda is one of the African countries exporting honey to the EU market but unable to meet the quantities required by the international market. A regional honey market study of Southern African countries (South Africa, Zimbabwe, Botswana, Malawi, Swaziland, and Lesotho) reports limited honey production with all countries involved heavily depending on honey imports except Zambia, while South Africa exports and also imports to meet the demands of natural honey. 
Over years in Uganda efforts have been made in order to improve honey production: several stakeholders including government ministries have trained beekeepers in practical aspects of beekeeping with a standard training manual developed (National beekeeping training and extension manual 2012) but poor extraction methods such as boiling of honey combs, sun heating of combed honey are seen as result of a weak extension in Uganda (Kugonza and Nabakabya, 2008). Currently promotion of traditional bee hives which are cheaper is being done to attract more actors to boost the production levels (TUNADO 2012). Bee research has also got involved; Kajobe (2006) lists fifteen important pollen sources for honeybees in Bwindi Impenetrable Forest National Park in Uganda; these studies were based on analyses of collected pollen from foragers and stored pollen. A National beekeeping calendar (Kajobe et al, 2009) was developed includes some bee pests and bee forages of selected areas.
Justification of the study
Many beekeepers are abandoning the beekeeping enterprise due to low profits and low yields as compared to the amount of work and investment required. This study is important in that knowledge of honeybee floral sources responsible for high honey production is necessary as bee keepers can use this information to selectively grow plants that are important to the bees (Kajobe 2006). 
African honeybee colonies have been left to fend themselves hoping that they are resistant (Dietmann et al., 2010),  infestation by pests may not eradicate the whole species of Apis mellifera some colonies may survive through natural selection and bees that survive through natural selection may lose desirable honey production characters. There are documented cases from which to learn where wild colonies emerged after huge colony loses due to varroa mites and bees that survived through natural selection had lost desirable properties for profitable bee keeping (Le Conte et al., 2007). What is not pleasing is the huge colony losses that can result as natural selection is awaited to select resistant colonies and this can have an impact on pollination and beekeepers will suffer lose. Such losses cannot be tolerated since traits which result in low pest populations and disease incidences can be selected and incorporated in bee breeding programs.
5 Research questions and Hypotheses

Research questions

1. Which nectar plants are responsible for honey production?

2. What are the pathogens, pests & parasites that affect honey production?
3. Which genetic markers are associated with resistance/tolerance to pathogens, pests & parasites of honeybees?
Hypotheses 
1. All nectar producing plant species are responsible for honey production
2. Honeybee pathogens, pests & parasites do not affect honey production

3. There are no genetic markers associated with resistance/tolerance to pathogens, pests & parasites of honeybees

6 Research objectives

1) To determine the important bee forages responsible for honey production, 
2) To identify honeybee pathogens, pests & parasites that affect honey production

3) To identify genetic markers associated with resistance/tolerance to pathogens, pests & parasites of honeybees 
7 Methodology and Research design

 Study site

This study was done in four agro-ecological zones of Uganda: Kyoga plains agro-ecological zone, North Eastern Savannah Grassland, Lake Victoria crescent and Western highlands represented respectively by; Tororo, Lira, Nakasongola and Kabarole districts. The study districts in each zone have been selected basing on the fact that they are good honey producing areas in their agro-ecological zones. 

7.2 Objective 1: Important Bee forage plant species in the different agro-ecological zones 

7.2.1 Research design
Three research methods used were: palynological analysis of pollen in honey and stored pollen and observation of bees foraging on flowers. The target populations are 4 apiaries in each study district. Samples of honey and bee bread (stored pollen) are taken from 5 marked honeybee colonies in each apiary. The marked honeybee colonies from which the samples are taken were selected randomly.
7.2.2 Data collection (sampling honey and bee bread) (ATAAS FUND)
Samples of honey were collected monthly for one year from marked colonies; a method adapted from Pinto da Luz and Barth O.M. (2012) in collection of honey samples.  

Samples of bee bread were collected monthly for one year from the same hives used for honey analysis; a method adapted from Pinto da Luz and Barth O.M. (2012) in collection of bee bread samples.
7.2.3 Preparation of honey samples for microscopic examination (ATAAS FUND)
A qualitative method of melissopalynological analysis of honey by (Werner Vonder Ohe  et al 2004) with some adjustments was used.  During the whole procedure great care was taken to avoid contamination from foreign pollen, coming from previous preparations (disposable supplies are used) or airborne pollen grains (closed windows and limited exposure)

7.2.4 Preparation of bee bread samples for microscopic examination (ATAAS FUND)
The bee bread samples are dissolved in 1:1 glycerol: H2O and the slides sealed with paraffin/ colourless finger nail vanish the method was adapted from W. Von der Ohe et al (2004). 
7.2.5 Interpretation of the results (ABCF Research Fellowship request)
For the identification of pollen types and the interpretation of pollen spectra, a collection of reference pollen slides and photographic atlas will be used (adapted from W. Von der Ohe et al 2004). Occurrence of pollen class percentages in honey samples D=Dominant pollen (>45%); secondary pollen= (16-45%); important minor /isolated pollen (3-15%); and minor/occassional pollen (< 3%). 

7.3 Objective 2: To identify honey bee pathogens, pests & parasites that affect honey production

7.3.1 Research design

Criterion sampling technique was used to obtain the samples. Samples of pests and adult bees were taken from 10% of honeybee colonies in an apiary. The study is longitudinal in which the infestation and fate of colonies was monitored through time. This involved picking samples of pests (small hive beetles, varroa mites, wax moth etc) and adult bees from weakened and strong colonies. Recordings were made on damages of colonies infested and estimated seasonal populations. Both quantitative and qualitative data were collected.  Quantitative data includes percentage of bee colonies infested, number of identified pests species and estimated pest populations. Qualitative data is based on observation of colony strengths (bee numbers), comb construction and honey stores. 

7.3.2 Sample population (ATAAS FUND)
The target population was 320 managed honeybee colonies from 16 locations from which samples of pests were taken, 320 samples of adult bees for disease analysis, and 50 adult honeybee samples were taken from honey productive colonies which had maintained low Varroa mite/SHB populations for a period of one year. 50 samples of bees from weakened colonies by presence of pests or disease and pest samples taken from colonies. A sample of bees consists of 30-50 bees per colony.
7.3.3 Data collection
7.3.3.1 Varroa mites (ATAAS FUND)
Varroa mite samples were collected from brood combs and adult bees. Brood examination: 5 cm2 of drone and worker brood from each colony were examined after removing the capping. Individual brood cells were examined using an appropriate light source; the mites themselves were sought for confirmation by examining the bottom of the cell and the bee brood for attached mites.

Adult bee examination: Approximately 100 bees were removed from a bee colony. The bee sample was then put in jars and submerged in ethanol, the container was stirred for 10 minutes and the bee samples separated from the mites by means of a sieve with a mesh size of approximately 2–3 mm. The mites were placed in vials with 70% ethanol and stored in cold until when needed for DNA analysis and identification. 

To determine an apiary’s percentage of infestation; samples were taken from at least 10% of the marked beehives from which honey samples and bee bread samples were taken.

7.3.3.2 To identify the Varroa mite species (ABCF Research Fellowship request)
Previously stored Varroa samples will be washed twice in 70% ethanol, dried, and their DNA extracted and parts of the mtDNA amplified by PCR and sequenced, and the sequences compared with known sequences of other Varroa mite species, following the methods described by Anderson and Fuchs (1998) and also used by Zhou et al., (2004).

7.3.4 Small hive beetle samples SHB (ATAAS FUND)
Adult SHB were collected in labeled sample bottles and  preserved in 95% ethanol (ethyl alcohol) the specimens were thoroughly dehydrated by changing the alcohol a couple of times before storing until required for DNA analysis and identification of beetle species. Some specimens were pinned in entomological boxes and kept as dry samples. 
7.3.5 Wax moth (ATAAS FUND)
Samples of adult moths, larvae and pupae were picked from infested colonies and adult moths and pinned with wings neatly spread on a spreading board in entomological boxes and kept as dry samples. Larvae and pupae; the inside contents were removed through the anus and then dried after which they were fixed on a point in a card using an adhesive and placed in entomological boxes.
7.3.6 Tracheal mites (ATAAS FUND)
Positive identification of tracheal mites was done by taking a sample of 30 worker bees from a colony, then using a dissecting microscope to remove and examine the tracheae for tracheal mites. The infestation level of a colony was calculated by multiplying the percentage of bees with mites in a sample of 30 with the estimated number of bees in a colony. Some tracheal mites as well as the dissected parts of the trachea were mounted on concave microscopic slides. 
7.3.7To identify the pests (ABCF Research Fellowship request)
Taxonomic keys will be used to identify the various pests.
7.4 Objective 3: To identify genetic markers associated with resistance/tolerance to pathogens, pests & parasites of honeybees. 
7.4.1 Research design 
Samples of 30-50 bees were taken from honeybee colonies infested with Varroa that had maintained low mite populations, colonies not infested with Varroa and colonies infested with Varroa and Small hive beetles.  The collected bee samples were preserved in 99.9% ethanol.

7.5 To identify genetic markers (ABCF Research Fellowship request)
Protocols for DNA extraction and PCR on honeybees will be used to identify genetic markers for resistance. The differences and similarities within and between populations will be analysed using AMOVA (analysis of molecular variance).
Viral pathogens associated with Varroa mites will be investigated in bee samples infested with Varroa mites. Black queen cell virus (BQCV), deformed wing virus (DWV), Sacbrood virus (SBV), chronic bee paralysis (CBPV), Acute bee paralysis (ABPV), Israeli acute bee paralysis IABP and Apis iridescent virus (AIV) will be tested for in heavily infested colonies.
7.6 Data presentation and Analysis (ABCF Research Fellowship request)
The data will be presented in a way that answers the research questions; in form of tables, graphs and figures. Quantitative data will include; number of identified pest/parasite species, different pests and percentage of infested bee colonies, season and infestation levels, honey production of infested colonies, number of pathogens and associated pests, and number of genetic markers associated with tolerance/resistance.

Qualitative data will include descriptions of different pests and their effects on; colony strengths (bee numbers), honey stores, combs and distribution of the pests and parasites within a colony. Diseases associated with Varroa and other pests.

The data will be analysed using; Regression models for the quantitative data. Taxonomic keys will be used to identify the different pests and parasites. Data for genetic markers will be analysed using the statistical data analysis of Analysis of Molecular Variance (AMOVA). Bioinformatics analysis will describe the function of the over expressed genes in other organisms.

8. Biological materials to be brought to BECA-ILRI 
200 slides of pollen grains from honey and bee bread samples prepared according to Von der Ohe et al (2004) for microscopic examination. The slides are single frosted made clear glass 26x76mm and 1.0-1.2mm thick and cover slips 22 x 22 mm and thickness of 0.13-0.17mm. 
Entomological box with pinned dry specimens of different honeybee pests for identification with naphthalene balls for protection against invading insects
320 Adult Honeybee samples  in 15mL plastic, transparent, greiner centrifuge tubes with a cornical (V) bottom. Each tube will have 20 bees preserved in 99.9% ethanol analytical grade. 
Varroa mite samples for molecular identification preserved in 99.9% ethanol analytical grade.  A sample contains either 1or as many as 30 mites got from a colony of bees. The sample containers are; 20mL, plastic, semi transparent polypropylene with a crew cap. Total number of samples 200
200 double concave slides with varroa mite samples for morphological identification prepared according to Dietmann et al (2012). The slides are made of clear glass (25.4x76.2mm, thickness 1.3mm) with two concave recesses for side by side viewing of specimens and cover slips 22 x 22 mm and thickness of 0.13-0.17mm.. 
9. Expected out puts of the research 
The study will come up with; important bee forages responsible for honey production, a list of honeybee pests, parasites and pathogens affecting honeybees in Uganda and genetic markers that can be useful in selective breeding of resistant honeybee colonies.  
10. Tentative project time table and start date
	S/No
	Activity
	Start week
	End week

	1
	Identifying samples of honeybee pests and parasites
	 1 
	4

	2
	Identifying botanical sources of pollen grains using electron microscope and African pollen data base
	2
	7

	3
	Screening of adult honeybee samples for pathogens
	6
	12

	4
	DNA Extraction of samples from weakened and productive colonies to identify genetic markers of resistance to pests
	6
	12

	5
	Data analysis
	13
	16

	6
	Preparing Manuscripts
	16
	20


11. Preferred start dates
May 2015
12. Skills for proposed research 

	The research skills I posses that will be applied to the proposed research project
	1) Palynological analysis of pollen gains

	
	2) Beekeeping 

	The research skills that I would like to gain during the proposed research project at BecA-ILRI Hub
	1) Introduction to Molecular biology and bioinformatics (PCR, DNA sequencing, bioinformatics)

	
	2) To improve on scientific research paper writing (developing manuscripts and submitting to journals) 

	
	3) Laboratory management (efficient management of lab facilities and equipment, waste management, export of biological material)


13. Potential impacts of research outputs

The outputs of this study will be relevant in terms of increased honey production, increased incomes and improved livelihoods among beekeeping communities. 
The identified plant species important in honey production will be propagated in the bee forage nursery at NaLIRRI for farmers to buy and a demonstration garden of the identified bee forages for farmers to view, a bee forage album will also be available to educate farmers on important forages in honey production throughout the year. The forage album, posters; will also be used by the Zonal Agriculture Research Demonstration Institutes (ZARDI’s) and District Extension to promote bee forage plant species for increased honey production.
The pictures of existing honeybee pests, parasites and damages they caused will be used to educate beekeepers on their identification and possible control. The awareness will be done through policy briefs, workshops with beekeepers, agriculture shows, posters and the press. The magnitude of the honeybee pest/disease problem in Uganda will be understood for policy makers to plan for either chemical or genetic control. 
The identified genetic markers for pest and disease resistance will be used instead of phenotypic expressions to select productive and resistant colonies in the bee breeding program at NaLIRRI. Colonies will be multiplied and distributed to beekeepers.
14. The proposed project link to the Apiculture Program at my research institute (NaLIRRI) and my research interests 
The National Livestock Research Institute (NaLIRRI) in Uganda since 2005 is mandated to undertake promote and coordinate research in all aspects of Apiculture and ensure dissemination and application of research results. The apiculture program at NaLIRRI has five scientists and one research technician, not much research has been done yet as compared to other livestock programs due to in-adequate human resource capacity to obtain funding to do research and to equip the bee laboratory. At NaLIRRI  Iam charged to; utilize indigenous bee genetic resources, conduct experiments on causes and controls of pest and disease of honeybees and improving bee strains utilizing artificial insemination. The results will be extended to these projects.
 This proposal is also part of my PhD study at Gulu University, a new university struggling to equip its laboratories. It is considered that this project will boost the apiculture program at NaLIRRI in terms of capacity building and research skills; and above all, it will be very helpful to Gulu University towards analysing samples for my PhD study. I have received funding from NARO under ATAAS project on capacity building I am in my third year. My tuition fees and research/ data collection in Uganda is covered by ATAAS though I realise the need to plan for extra funding to analyze my samples for the three mentioned objectives. I need a bench, a modern library and laboratory.
15. How an ABCF research fellowship will benefit my career as a researcher, build capacity for my research program and institution 
Being able to conduct good research shows the employer that one is dedicated and has the desire to improve: by the end of it all, an ABCF fellowship will benefit me as a researcher in the following skills; BeCA-ILRI hub has a better library I will improve on my literature and  writing of scientific papers, the hub also has a modern Laboratory from which I will learn to handle lots of samples and storage of data, analyzing lots of information from different sources, finding information from the field off internet.  IT skills never stand still; I will learn packages unfamiliar to me such as analytical tools for working with large amounts of data and developing skills of presenting work in exciting ways. 
The Apiculture program at NaLIRRI will benefit as there will be a person with a PhD eligible to write more projects to be worked on and bring about some changes in working within the program. I will have met people at ILRI with whom to collaborate in writing proposals. The biology department of Gulu University will have a credit of an added PhD graduate and more publications.
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