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The mango industry in Ghana is identified as one with high potentials of earning foreign exchange for the domestic economy whiles improving welfare of farmers locally. Amidst frantic efforts being made to stimulate domestic mango production, it is imperative that all factors that potentially affect the production process from the onset of cultivation are examined. To this effect, this study examines the risk in mango production in the case of mango production in the South Tongu district of Ghana. The study specifically examines the various sources of risks in mango production, the management strategies adopted by farmers in mitigating risk exposures, and the effects of risks associated with mango production on mango production levels in the South Tongu district. The study purposively targeted farmers who commercially cultivate mangoes as their source of livelihood. 70 farmers were randomly sampled for information for the study’s analysis. Descriptive statistics and the Spearman correlation coefficient method were employed in the study’s analysis. 
The study finds pest is the most important source of risk for mango farmers in the district, followed closely by changes in input prices. Whiles flood, drought, personal risks and equipment challenges are not important sources of risk in mango production in the district. The study again finds that a majority of farmers have adopted management strategies. The farmers however, in their responses are not too certain on the effectiveness of the strategies they have been practicing. The study further finds that, weather and biological conditions, price risk, financial risks and asset risks to a larger extent are significantly associated with the average level of mango yield or productivity. Farmers need more education and training to enrich their knowledge on the various forms of risk exposures and best methods to adopt to mitigate such risk exposures when they occur. This will not only protect farmers’ income and welfare, but also secure expected mango yield and improve overall production in the South Tongu district and Ghana at large.
Keywords: Mango Production, Risk, Risk Management, Yield, Spearman Correlation      Coefficient
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[bookmark: _Toc22913658][bookmark: _Toc23177930]INTRODUCTION
[bookmark: _Toc20132779][bookmark: _Toc22897613][bookmark: _Toc23177931]1.1 Introduction
The mango (Mangifera indica L.) fruit is a common tropical tree crop widely recognized as a fruit crop of high nutritional and economical value. Mango in its fresh or processed state is a rich source of nutritional value and has over the years has become well established in global markets. Thereby providing a source of livelihood for many people in countries where this fruit crop is largely cultivated (Mitra, 2016). Mango is a major tropical fruit prolifically grown worldwide with a major share of 51% in the total global major tropical fruit production (Food and Agriculture Organization, FAO, 2017). The total world mango production in 2017 was 50.65 million (metric tonnes) (Shahbandeh, 2019). Asia, particularly India is the major source of mango production contributing an estimated 40% to world total production. Africa follows closely followed by Latin America and Caribbean respectively. The majority of world exports however originates from Latin America and Carribean, followed by Asia and Africa respectively. Mexico remains the leading exporter with the temperate regions being the main import destination (FAO 2017). 
The mango tree is believed to have originated from Malaysia or more likely from the indo-Burmese region. Its cultivation quickly spread to other neighboring countries in South-East Asia in the 4th or 5th century BC. Presently, mango is produced in over hundred countries worldwide mostly in tropical and sub-tropical regions. Temperatures between 230C to 270C with considerably varying annual rainfall patterns are most favorable weather conditions for mango growth. Its root system adapt well in an aerated and well-drained soil that is more than two (2) meters deep. Mangoes externally are very attractive fruits. They are initially green after fruit-setting and takes on different colors, green-yellow, orange, red-purple when ripe (United Nations Conference on Trade and Development, UNCTAD, 2016). They taste delicious, very colorful, have a pleasant fragrance and good flavor and very rich in carotene (Arya, 2004).
[bookmark: _Toc20132780]The mango industry in Ghana is identified as one with high potentials of earning foreign exchange for the domestic economy (Ava et. al., 2008). The huge potentials that exists in international markets for mango production makes it one of the important tree crops whose production stimulation can reduce poverty levels and improve incomes of farmers in Ghana (Abu et.al., 2011). Under this backdrop, several programs and interventions have been rolled out by the Ministry of Food and Agriculture, Crop Research Institute, Export Promotion Council Ghana and other international aid agencies such as the United Nations Development Program (UNDP) and United States Agency for International Development (USAID) since the 1980s to develop and stimulate mango production in Ghana (Twum, 2008; Abu et. al., 2011). Mango production areas in Ghana have been divided into two (2) zones; the Southern and the Northern zone. The southern sector has two harvesting seasons which gives Ghana a competitive advantage over its neighboring countries (Van Melle and Buschmann, 2013). However, the mango sector has not fully capitalized on this advantage. Only 20% of the mango produced in Ghana are exported to foreign markets. The remaining 80% is split equally, 40% for local processing and the remaining 40% for fresh local consumption (Ministry of Food and Agriculture in Ghana, MoFA, 2013). The volume of mango exported to foreign markets however has been decreasing since 2014. The volume of mango exported in 2017 was over 17 million tonnes, 17.95% lower than the volume exported the previous year (MoFA, 2017). Amidst the frantic efforts being made to increase supply to match the foreign and local demand, empirical literature on the factors that affect productivity is very scanty. This study empirically probes the risks associated with mango production in Ghana and its effect on productivity in the case of South Tongu district in Ghana.

[bookmark: _Toc22897614][bookmark: _Toc23177932]1.2 Problem Statement
Mango production like all other agricultural production is subject to risk (Aidoo et. al., 2014). From the onset of cultivation, farmers encounter many risky events in their day to day activities that potentially affect the level of yield, income and their overall welfare. Risks are imperfect knowledge occurrences whose probable outcomes are known (Hardakar et. al., 1997). The consequences of such events can be better or worse than often expected (Wisner, 1997). Production risk usually associated with weather conditions, market, price, institutional, personal, financial and asset risks are various sources of agricultural risks (Bairwa et. al., 2013, Ullah et. al., 2016).  Farmers do not know how much weather patterns may vary over the season or which disease may affect their crop, they are not able to detect possible changes in prices of input or market price for their farm produce, neither do they know whether they will experience fire outbreak or theft cases over the season. Most farmers begin production without absolute certainty over what will happen over the season which makes them vulnerable. 
These risks factors are not peculiar to the mango industry in Ghana. There were reports in 2018 of an outbreak of Bacteria Black Spot disease in major mango production areas in the Brong Ahafo region and Yilo Krobo. This outbreak heavily threatened the supply of mangoes since some farmers began cutting down their mango trees due to the high prevalence of the disease to commence the cultivation of other tree crops. This amongst many other risk exposures thwarts efforts of increasing domestic production. With the seeming effect of risks on the level of productivity, this study seeks to identify the risks in mango production and how much these risks explain the variations in mango production in Ghana. 
The existing literature shows research on the mango industry in Ghana is very scanty. Abu et. al., (2011) gives a general overview of the state of the mango industry in Ghana. Okorley et al., (2013) in a study examined the characteristics, challenges and prospects of the mango industry in the Manya Krobo district. Aidoo et. al., (2014) also examined the willingness of arable crop farmers in Ghana to adopt a crop insurance scheme as a risk management tool. Literature on risks specific to mango production and its empirical effects on yield are however non-existent to the best of our knowledge. This study seeks to fill this research gap by examining specifically, the effects of risks on mango productivity in Ghana using the South Tongu district as a case study.

[bookmark: _Toc20132781][bookmark: _Toc22897615][bookmark: _Toc23177933]1.3 Aim and Objectives
The aim of this study is to examine the risk associated with mango production and its effect on mango production in the South Tongu district.
To achieve this aim, the specific objectives this study seeks to analyze are to;
1. Identify the sources of risks in mango production at the South Tongu district.
2. Identify risk management strategies adopted by mango producers in the South Tongu district. 
3. [bookmark: _Toc20132782]Examine the impact of risks associated with mango production on productivity in the South Tongu district.
[bookmark: _Toc22897616][bookmark: _Toc23177934]1.4 Research Questions
In addressing the study’s overall aim and specific objectives, the following research questions will be addressed.
1. What are the sources of risks in mango production at the South Tongu district.
2. What risk management strategies are adopted by mango producers in the South Tongu district.
3. [bookmark: _Toc20132783]Does risks associated with mango production have an impact on productivity in the South Tongu district.

[bookmark: _Toc22897617][bookmark: _Toc23177935]1.5 Significance of the Study
The agriculture sector is an important contributor to the growth of the economy of Ghana. The sector is a major foreign exchange earner and employs a majority of the active population. The sector again is the major source of input for the manufacturing sector (World Bank, 2018).  The agriculture sector contribution to total output however has been declining since 2016. This poses serious threats to incomes, jobs creation and the overall growth of the economy. This situation needs to be reverted, hence the need for effective policymaking and research geared towards improving agriculture productivity in Ghana. This study seeks to examine the risks in mango production and its effects on productivity, in the case of South Tongu district. Analysis and findings from this study will of immense benefits to stakeholders of the mango industry, policymakers and the research arena.
First, discussions and findings from the study will help identify the risks associated with mango production in Ghana. This study will provide information on the risks average mango farmers are exposed to in their mango production activities in Ghana. In addition, this study will bring to bare whether mango farmers practice any form of risk management and what these practices entail. This will further provide information to stakeholders, agriculture extension bodies and regulators on the forms of risk management practices adopted by mango farmers in mitigating risk. Further directions can therefore be made in this regard to improve efficiency in farmers risk management practices. 
Analysis from this study will further contribute to improving mango yield in Ghana. Such that it will empirically establish the effects of risks on productivity and the magnitude of impact. This will enable policymakers and regulators to identify how much certain risks affect yield by which they can formulate and implement further reforms in the quest to encourage production to improve productivity. This study again contributes to literature on the agriculture sector in Ghana and gives further directions to researchers and academicians alike on its sub-sectors and how it can be enhanced to promote development.

[bookmark: _Toc20132784][bookmark: _Toc22897618][bookmark: _Toc23177936]1.6 Methodology
The research strategy and design, sampling methods, data types and sources employed in analyzing the study’s objectives are described as follows;

[bookmark: _Toc20132786][bookmark: _Toc23177937]1.6.1 Research Strategy and Design
The study largely employs the qualitative framework of analysis in addressing the study’s objectives. This research uses a well-structured questionnaire developed for farmers in the South Tongu district to gain valuable primary information on the risks exposures associated with the mango production process, the risk management strategies adopted and the probable effects on yield. The study’s population is restricted to mango farmers or producers in the South Tongu district in Ghana. The population living in this district are dominantly farmers and so it is anticipated the number prospective respondents will be large. The Kish formula (1965, 1995) however is used in determining the sample size for the study’s analysis.
The study then adopts simple random and purposive sampling methods in selecting respondents from stakeholders and actors who are directly involved in the mango production in the district. This includes farmers who dominantly grow mango commercially and depend on the income generated as their source of livelihood. Responses from prospective respondents are collected and entered to the Stata 12 statistical software. In analyzing the information gathered, this research employs the Descriptive Research design and the Spearman Correlation Coefficient method of analysis.

[bookmark: _Toc20132785][bookmark: _Toc23177938]1.6.2 Data
The study relies on both primary and secondary data sources to achieve its set objectives. Primary data is obtained by face to face interview with selected respondents who are mango farmers in the South Tongu district. Secondary data or statistics is also sourced from articles, journals and websites of renowned local and international organizations to describe the level of mango production, risk challenges and the impact of these risks of mango productivity in the South Tongu district and Ghana as a whole.

[bookmark: _Toc20132787][bookmark: _Toc22897619][bookmark: _Toc23177939]1.7 Scope of the Study
The agriculture sector in Ghana is very broad. It consists of four sub-sectors which are crop, fisheries, livestock, forestry and logging (MOFA, 2017). From rearing livestock to crop cultivation or fish farming, each agricultural activity encounters peculiar risks that eventually affect the level of productivity. However, for the purpose of this study, we focus on the crop production sector. Specifically, this study focuses on fruit crop- mango production sector in Ghana. The study analyses the risks associated with the cultivation of the mango fruit and its impact on yield or productivity. The Yilo Krobo district, Dangme West and East districts, Asuogyaman, Hohoe, Manya krobo, Jasikan, Kpandu, Akwapim North and South, Awutu Effutu Senya and South Tongu districts are the main production areas of mango in southern Ghana (Abu et. al., 2011). Manya Krobo and South Tongu district are average producers of mango in Ghana. This study adopts a case study framework and purposively select farmers in the South Tongu district who mainly cultivate mango fruits crop as their source of livelihood to examine risks and mango production in Ghana. 

[bookmark: _Toc20132788][bookmark: _Toc22897620][bookmark: _Toc23177940]1.8 Structure of the Study
The study is organized under five main chapters. These chapters have appropriate sub-sections. The first chapter introduces the topic under study. This chapter gives a general overview to the topic under study, explains the research problem, the study’s objectives and the significance of the study and the framework within which the research will be conducted. The second chapter discusses and review both theoretical and empirical literature that is relevant to the topic under study. Chapter three presents the methodology which includes sample selection and data gathering methods, research strategies and designs that will be employed to analyze the study’s’ objectives. Chapter four will present results and discussions on findings from the study’s analysis. The fifth chapter summarizes findings from the study, conclusion, and recommendations on mango production risks and productivity in the South Tongu district in Ghana.

[bookmark: _Toc20132789][bookmark: _Toc23177941][bookmark: _Toc20132790]CHAPTER TWO
[bookmark: _Toc22913670][bookmark: _Toc23177942]LITERATURE REVIEW
[bookmark: _Toc20132791][bookmark: _Toc22897621][bookmark: _Toc23177943]2.1 Introduction
The agrarian sector in Ghana was once very vibrant contributing a majority of the national total output. Also, providing a source of livelihood for most Ghanaians, especially for people living in rural areas. This sector once epitomized as the ‘backbone’ of the Ghanaian economy however is now the least contributor to the country’s GDP. The share of agriculture in total output has been declining steadily since 2011.  The share of agriculture in total national output has declined from 25.3% to 22.1% and then further to 19.7% in 2011, 2015 and 2018 respectively (Ghana Statistical Service, 2019). 
Several factors may account for this steady decline in production which are not peculiar to the agrarian sector in Ghana alone. In fact, there have been concerns raised on imminent dangers on food production and security in some African countries. A report by the Intergovernmental Panel on Climate Change (IPCC) concluded that rain-fed agriculture yield in some countries can reduce by 50% by the year 2020. Agricultural production in some African countries especially are predicted to be severely affected which could result in the food shortages and malnutrition (IPCC, 2007). These effects can even be more pronounced in areas where agrarian activity is the major source of economic sustenance. This conclusion was based on the assessment of the dangers or risk posed by climate changes on agricultural production. Several other factors aside weather and climatic conditions makes agriculture a very risky venture. Input and output price fluctuations, government policies and regulation, land tenure system and macroeconomic factors are all potential sources of risk. Effects from risk can be mitigated or controlled when farmers have information of likely events in the production period. Unanticipated events may pose serious dangers on production, income and welfare of farmers. The adverse impacts of these risk exposures are even more severe in smallholder agriculture systems with little risk adaptive systems (Muller et. al., 2011).
This study contributes to literature on the risk in agricultural production. The study examines the risks associated with mango production in Ghana and its effect on production. This section of the study presents a review of relevant literature on agricultural risks and production. The first section provides an overview of mango production in Ghana. The next section reviews theories on risk and production. Whiles the last section reviews empirical literature on the topic under study.

[bookmark: _Toc20132792][bookmark: _Toc22897622][bookmark: _Toc23177944]2.2 Mango Production in Ghana
Mangnifera belongs to the class of Dicotyledons, the Archiclamideae sub-class, order Sapindales, sub-order Anacardioideae and Anacardiaceae family. The mango tree was introduced in Africa by the Arabs on the East coast, the Indian Ocean ports and in Madagascar. The mango tree was then spread inland across the African continent for fruit production and for the shade the tree provides. Mango is now largely cultivated in this region and consumed in its fresh state in producing countries especially. With a growing demand in non-producing countries, mango is increasingly being exported to international markets. The fruit is processed into juice, nectars, cut into pieces and canned with syrup added to the canning process. Mangoes are now also used in making yogurt, ice cream, biscuit, jams, fruit pastes and many others. The mango tree can be used as firewood when dried whiles the mango fruit skin and seed can be fermented to produce biogas and also oil extracts for cosmetic making (UNCTAD, 2016). 
Mango cultivation started in the Gold Coast era in the 1920s basically for subsistence food supply as well as shade functions of the mango tree. Some years on, the mango tree is now being recognized by most Ghanaians as a ‘golden’ tree crop for its immense nutritional and income earning potentials. Several government and private programs have been rolled out over the past decades to increase yield and quality of mango produced in Ghana. These interventions were largely focused on encouraging mango production to increase domestic food supply. And also, to also take advantage of the comparative advantage Ghana has relative to its counterparts in terms of favorable planting conditions and proximity to demanding foreign markets like the European Union (Okorley et. al., 2014). For instance, the United Nations Development Program, The Crop Research Institute and Kethab Seed Company in the late 1980s provided farmers in the Dangme West and Afram plains with 9244 mango seedlings which covered about 95.83 hectors of land (Twum, 2008). The Export Development and Agricultural Investment Fund in 2009 also embarked on a mango production development project that sought to turn the Savannah areas of Ghana into a mango production zone targeting about 20,000 acres of land. 
The mango tree now is widely cultivated across the country under two main production zones; the northern and southern zone. The mango producing areas classified under the northern zone are the Ashanti, Brong, Ahafo, Northern, Upper East and Upper West regions. The southern zone also includes the Central, Volta, Eastern and Greater Accra region (Abu et al., 2011). The major harvest season for the mango fruit in Ghana is between May and August. In favorable weather conditions, some mango varieties in the southern zone bear fruit between December and February. The northern zone however only harvests between May and August because temperatures in the savannah areas does not encourage flowering after the main harvest season (MoFA, 2019).

[bookmark: _Toc20132793][bookmark: _Toc23177945]2.2.1 Value Chain of Mango Production in Ghana
The mango value chain involves various stages from cultivation or production, harvesting, post-harvest handling, distribution, logistics and quality management until it reaches the final consumer. A complex linkage of suppliers of input, producers, exporters, distributors, and other stakeholders all play an important role to ensure the mango production process is complete. Fresh mangoes from Ghana either whole or cut have many destinations. First they are traded on local markets between wholesalers and retailers and secondly, exported to internationally markets and also largely sold to processing industries. 
Complexities in value chain of mango produced in Ghana depends on the stage at which it reaches the final consumer. The chain for mango fruits sold in local markets is quite simpler and does not require compliance to any stringent health standards and market requirements. Fresh mangoes that are to be exported however must go through several steps to meet certain international market standards before they can be accepted onto the market for consumption. This chain begins with crop research studies and then to nursery and planting. The necessary farming activities such as spraying, regular weeding, flower induction, pruning are then undertaken by farm growers or laborers until fruits are ready for harvesting. Mangoes are picked with care and packed in crates with protection (usually on a foam or mat and in between layers) to prevent crushing or bruising. The harvested mangoes are then transported in crates to a station where the fruits are washed, disinfected, dryed, graded and packed by sizes, palletized, and then pre-cooled from its temperature of about  32oC to about 9oC. The mangoes fruits are then packed into containers and moved from the storage facility to the port and then carried to destination markets at same temperature (Zakari, 2012; UNCTAD, 2016).
[bookmark: _Toc20132794]
[bookmark: _Toc23177946]2.2.2 Exports
International markets for fresh mango exporters in Ghana remain mainly in the European Union which includes the United Kingdom, Germany, Italy and Economic Community of West African States (ECOWAS) countries. In terms of volume, other supplying countries in West Africa relatively export higher than Ghana. However when value addition is taken into account, Ghana performs better as it is the main and probably the only supplier of freshly cut and packaged ready to eat mango slices. Through value developments by processing firms like Blue Skies Limited and Sunrise Limited, Ghana exports fresh cut mango, juice and pulp to regional and international markets. Data on mango exports from Ghana to the European markets shows a significant drop in exports after hitting over 1,000 tonnes volume of export in 2008. This drop in exports is largely attributed to climatic and production factors and pests (Zakari, 2012).

[bookmark: _Toc20132795][bookmark: _Toc23177947]2.2.3 Varieties of Mango Cultivated in Ghana
In the early 1970s, Julie, Jaffna and Ruppee were the only varieties of mango identified to be cultivated in Ghana. Many more varieties were introduced later into the country from Florida and India (Addaquaye, 2004). Presently, the varieties of mango produced in the country include Keitt, Kent, Haden, Palmer, Tommy Atkins, Eldon, Zill, Amelie, Erwin(Irvin), Julie, Jaffna, Njala 5, Springfield and Sunset.
Among these varieties grown in Ghana; Kent, Keitt, Palmer, Haden, Alphonso and Jaffina are most suitable varieties for export (MoFA, 2019).
[bookmark: _Toc20132796][bookmark: _Toc22897623][bookmark: _Toc22914609][bookmark: _Toc23177591][bookmark: _Toc23177746]Table 2.1: Variety of Mango Produced in Ghana
	Name of Mango
	Variety
	Weight
	Flavor
	Shape
	Color
	Texture

	Kent
	Floridian
	Up to 800g
	Vibrant with good taste quality
	Round
	Greenish red skin sometimes with yellow orange areas
	Firm yellow-orange flesh

	Keitt
	Floridian
	500 to 700g
	Rich and fruity
	Oblong
	Green-yellow-pink coloration with small yellow lenticels
	Firm, juicy orange flesh with thin fibres

	Palmer
	Floridian
	450 to 700g
	Satisfactory taste quality
	Elongated and oblong in shape
	Red-purple coloration
	Thick and tough skin, Firm Yellow-orange flesh

	Haden
	Floridian
	350 to 550g
	Slightly sour but good taste quality
	Round
	Yellow with red highlights with lenticels
	Firm

	Alphonso
	Indian
	200 to 500g
	Highly aromatic
	Elongated  with pronounced lip
	Green to yellow coloration
	Orange flesh

	Tommy Akins
	Floridian
	450 to 700g
	Great taste
	Ovoid with round top
	Green –red with numerous large green-yellow lenticels
	Firm, juicy and fibrous orange  flesh

	Amelie
	West Indian
	300 to 600g
	Good taste
	Round with pronounced lip
	Green to yellow- orange
	Tender orange flesh

	Erwin (Irvin)
	Floridian
	200 to 350g
	Good taste
	Ovoid with slightly flattened cheeks
	Yellow-orange to deep red
	Orange flesh


Source: UNCTAD (2016)

[bookmark: _Toc20132797][bookmark: _Toc22897624][bookmark: _Toc23177948]2.3 Definition of Concepts
The concept of risk is universal and thus present in many disciplines. Different people based on their understanding define risk differently. As such, there is no unanimous understanding and definition to the concept of risk even till today. The word “risk” according to Miller et. al., (2004) was derived from an Italian word ‘risicare’ which means ‘to dare’. In this context, risk is implied as an element of choice and is more action oriented. The issue of risk is mostly associated with potential losses which can be in various forms but the most common form for farmers is significant income losses. 
Lowrance (1976) defined risk as the probability and severity of adverse effects. In this definition, causes are related to effects in determining who faces the risks, in what way, to what extent and for how long. This form of analysis identifies the adverse effects of risk to determine the bearers capacity of managing it.
In insurance, risk means disaster or possible loss. The concept of risk here is explained as the change in expected results relative to actual results. It is usually used as the sign for insurance, the loss reason and the loss opportunity in risk management research (Skipper, 1999). In statistics, the term risk using a special decision making function, is the sum of anticipated experimental cost and the anticipated loss as a result of a making a final wrong decision (Jian and Rehma, 2016).
In agricultural economic management, risk is defined as events resulting from the variety of judgments farmers make and probabilities which will happen in the future production depending on the farmers’ experiences and related knowledge (Knight, 1921).
According to the Organization for Economic Co-operation and Development (OECD), agriculture risks arise due to uncertainties over factors determining returns on agriculture production. Key factors that determine the value of agriculture production like input cost, yield, and output price are influenced by variations in economic and biophysical conditions between the period of the production decision making to when returns on production are realized. These have implications on the efficiency of production and economic welfare of farmers (OECD, 2008).

[bookmark: _Toc20132798][bookmark: _Toc22897625][bookmark: _Toc23177949]2.4 Risks in Agriculture
The agriculture production process is lengthy such that it is almost impossible to eliminate uncertainties. The nature of the production process makes the farmer susceptible to the weather, price fluctuations, pests and diseases and so on. Some of these risks are directly related to the farm business such that, there would be no such occurrences if there was no farm. The infestation of pest and diseases on crops or livestock are such occurrences associated with the agricultural business. Other sources of risk are those that are related to the human aspect of the farming business that may have consequential effects on the farm management. Sicknesses or death may arise whether or not an individual is involved in an agricultural activity but may however have serious implications on farm management. Another source of risk is in relation to environment in which the agricultural business operates. This includes natural (land, weather), social and institutional environments. 
[bookmark: _Toc20132799]The issue of risks in the agriculture business have been examined extensively in literature over the years. Robinson and Brake (1977) identified fluctuations in commodity prices and output as the common phenomena that has affected both farmers and their creditors in making decisions for the next season. While Harvey et. al., (2014) identified pest and disease outbreaks and extreme weather conditions as the major cause of risk of production and income losses posed to farmers in Madagascar. Many studies have categorized the various common sources of farm risk. Some the identified sources in literature are summarized in Table 2.2 below.
[bookmark: _Toc22897626][bookmark: _Toc22914610][bookmark: _Toc23177592][bookmark: _Toc23177747]Table 2.2 Summary of Sources in Risk in Agriculture
	Author
	Sources of Risk in Farming

	Boehlje and Trede (1977)
	Price, Policy or Regulation, Business and Legal, Management Discontinuity, Production, Technological and Obsolescence 

	Matin(1996)
	Business - Production, Price, Technological, Legal(Social), Human. 
Financial

	Miller et. al., (2004)
	Production, Price, Casualty, Technological

	Kahan(2008)
	Production (technical), Marketing (prices and cost), Finance, Institutional, Human(personal)

	Bairwa and Kushwaha (2013)
	Production yield), Price (market), Institutional, Human (personal), Financial, Asset


The various sources of risks in agriculture as considered in this study are discussed as follows;
Production Risk: Production risks in crop production are often caused by weather conditions such as excessive or inadequate rainfall, hail, high temperatures and biological conditions such as insects, pest and diseases. 
Price Risk: Price or market risks are associated with changes in prices of inputs or outputs during a cultivation period. Production processes in agriculture is lengthy where most of inputs of production are purchased. Farmers constantly make investments during cultivation such as purchasing tools and fertilizer applications which may not generate returns in months or even years. Output prices are also determined by domestic and foreign market considerations by which unfavorable events in other regions may affect the returns to agricultural producers. Farmers are thus vulnerable to any unforeseen fluctuations in input and output prices. Access to markets and the availability of ready markets for farm produce also poses market risks to farmers 
Institutional Risk: These are risks from changes in policies and regulation that affect agricultural production. This form of risk arises in the form of unexpected constraints on production or changes in input or output prices. Sources of institutional risks include policies changes on land use, credit, taxes. Changes in government policies on farm equipment may change the cost of production. Government restrictions on agricultural imports in foreign may affect domestic production and farmers returns. 
Human or Personal Risk: This form of risk is related to individuals involved in agricultural production. Incidents such as death, sickness, injury, divorce or even adequacy of laborers or farm helpers may have disruptive effects on production. The occurrences of rural-urban migration, political and social unrests are other factors that cause shortages or limit the availability farm laborers. 
Financial Risk: This form of risk related to the capital farmers obtain for production. This comes in the form of fluctuations in interest rate on capital for production. Another form is when farmers face liquidity challenges because banks do not have enough funds, or when farmers face difficulties in repayment of debt owed to creditors.
Asset Risk: The forms of risk on asset are unanticipated events of fire outbreak, theft, breakdown of equipment and other forms of loss (Bairwa and Kushwaha, 2013). 



[bookmark: _Toc20132800][bookmark: _Toc22897627][bookmark: _Toc23177950]2.5 Risk Management 
Risk management is a process which involves designing strategies and to control and cope with risks when they occur, the tactics for implement these strategies and restoring the firm’s ability to implement these strategies even after the period of crisis (Pflueger 1985). There are a variety of methods farmers can adopt in managing risks. The best method adopted largely depends on the nature of risk exposure. However, with the variety of options that can be implemented, the response to risk generally takes any of these approaches. This includes responses that enable businesses to absorb the risk, or transfer to other parties or enhance the firms capacity to bear risks when they occur (Pflueger, 1985) According to Miller (2004), there are four general risk management procedure managers use in managing risk. The risk management strategies are discussed below.
Avoidance
Avoidance involves structuring a business such that certain risks are avoided. In this risk management process, potential risks are eluded with preventive strategy involves .This process of risk management is typically practiced by farm producers who are risk averse. A crop farmer may seeks to avoid risk associated with cultivating a crop by cultivating a variety that is resistant to pest and diseases.
Reduction
Reduction is the process of lowering risk associated with a business venture. In crop production, this mechanism does not totally eliminate risk but reduces the risk of yield loss. A crop farmer hiring scouts to spot diseases, pests and nutritional imbalances are risk reduction mechanisms that potentially reduces risks and losses. For industrialized agricultural producers, there are risk reduction opportunities where managers receive expert timely advice on production risk. Risk reduction strategies however implicitly or explicitly reduces net returns on production.
Assumption/Retention
This involves the process of retaining or accepting risk because risks cannot be transferred. Retaining risks come with the assumption of maintaining risks or improving profitability. Take into consideration a producer who takes ownership of crop and livestock products under contract. Here, a grower is responsible for the grow out whiles the producer retains ownership of produce. The contract signed with the does not reveals risks associated with the arrangement. The producer thus retains risk with the expectation of enhancing profit.
Transfer
Transfer mechanism involves the lowering of risks by transferring of risks from one party to the other. In agricultural production, there are several methods by which risks are shifted to another. These options include contracts, crop insurance, fire and flood insurance. Crop producers for example can transfer price risks through forward contracts. Likewise, farmers producing crops under contract may also transfer the risk to contractors. In essence, agricultural producers who cultivate under contract may have better opportunities at avoiding and transferring risk than traditional independent agricultural producers.

[bookmark: _Toc20132801][bookmark: _Toc23177951]2.5.1 Risk Management Strategies
Risks certainly cannot be eliminated. There are however several strategies to reduce risk and improve one’s ability to withstand these adverse circumstances. A risk management strategy ultimately adopted may involve one or more of the above listed general risk management procedures. The following section discusses some specific production risk management strategies adopted by agricultural producers.
Diversification
Diversification is a frequently used strategy in managing risk which involves participating in more than one activity. This carried out with the motivation that, when one activity begins to fail or has low returns, other activities will likely have higher returns. With this strategy a farm may have several productive farming activities at the same time. For example, a crop farm may have several crops or both crop and livestock. By cultivating more than one crop, the farm is at less risk of low revenue because it is expected that revenues are not positively correlated. In the face of unexpected events, revenue from one crop may offset loss of revenue in another (Harwood et. al., 1999). A farmer’s decision to diversify may be accounted for by several factors. A farmer is likely to adopt this method if they are risk averse, are confronted with higher risk in production, or realize a low reduction in expected return after diversifying. Again, in farming systems where livestock rearing is mixed with crop production, crop and animal by-product may be used fully (Beneke, 1998). 
Production and Marketing Contracts
A production contract gives the buyer of the products a considerable control over the production process (Perry, 1997). Producers and firms enter into this contract when there have been problems of undersupply or oversupply of commodities has been a problem and the offset of risk by this method is beneficial to both producers and buyers. In the context of agricultural production, the contract explains in detail the inputs supplied by the contractor from production, the quality and quantity of the commodity to be produced and compensation to be paid to the grower. Firms enter into this contract with farmers to ensure timely delivery and quality of produce and to gain control over the production process. Farmers enter into production contracts to ensure access to capital, improve efficiency and guarantee market for produce (Perry, 1997). This lowers price risks that farmers may potentially face as compared to open market.
Marketing contracts are also verbal or written agreement between a producer and a buyer on a price or outlet for a commodity before it is harvested or ready for the market (Perry, 1997). Marketing contracts typically establishes a set price or standards for later price setting, product quality and given time period for delivery. In this form of contract, the farmer retains the ownership of produce and so, production and management decisions such as, input use, varieties and timing are all dependent on the farmer. A fixed priced set under this contract is has both a downside protection and an upside potential forgone. On one hand, a farmer is protected from revenue risk with a 100 percent forward contracting since the price for the entire crop harvest is fixed. However, if crop prices at harvest move upwards than expected, a profit opportunity is lost although the farmers’ revenue is no less than expected (Jolly, 1997) 
Hedging
Hedging provides farmers with a method of reducing risk through future contracts. This involves shifting the risk from a party that less desires risk to another party who is willing to accept the risks. There are two categories of hedging. This includes short and long hedging where future contracts are either sold or purchased respectively. This involves holding a future position in an anticipation of a later transaction in cash. Due to ever changing prices of products, farmers can adopt strategies to lock in prices for their farm produce to protect against any potential fall in prices. This strategy potentially reduces risk and secures farmers profit by the end of the farming period (Harwood et. al., 1999).
Insurance 
Insurance is a form of risk management strategy used to hedge against unforeseen losses (Ramiro, 2009). Crop insurance is also often used by farmers to mitigate risk on yield and hence revenue. The insurance market operates on the concept of risk pooling. Risk pooling involves bringing together the risk faced by several individuals who contribute to a common fund through premiums.  The premiums collected are used to pay for loses which serves as a cushion for individuals in the pool to reduce the severity of risk losses (Ray, 1980). Crop insurance provides protection against and weather and production perils (Harwood et. al., 1999).

[bookmark: _Toc22897628][bookmark: _Toc23177952]2.6 Empirical Review
The issue of risks in agriculture has received some considerable attention in empirical literature. This section of the study presents a review empirical literature on risks in agricultural production. Specifically, this section looks at literature on the sources of risks, the management strategies adopted and the effects of risks on production.
Seidu et. al., (2004) in a study focused on the smallholder farmers in the Upper East region of Ghana. The study examined the resource use efficiency of rice farmers, management strategies of production risks and employment. According to the study’s findings, rice farmers are generally not efficient in allocating labor, bullock and fertilizer. Also, irregular rainfall  patterns, crop diseases, worms, bushfires, birds and grasshoppers constitute the major risks in production whiles farmer group associations, use of agrochemicals, scarecrow and constant monitoring are strategies employed by farmers in mitigating the risks in rice production. In terms of employment, the study found that non-irrigating farmer group created more employment opportunities and male farmers also hired more labor as compared to female farmers. 
Akcaoz and Ozkan (2005) also examined the sources of risk and the strategies adopted by farmers with different risk attitudes in the Cukurova region of Turkey. The study employed factor analysis technique on data collected from one hundred and twelve (12) farmers in the region in the year 2000. The study found sources of risks were mainly  environmental, price, catastrophe, cost of input,  production, technological, political, finance, personal, marketing, health  and social security. The main forms of risk strategies identified in the study include diversification, off-farm income generation, marketing, planning, financing and security.   
Cornaggia (2009) also examined the relationship between risk management and crop productivity in the United States of America. Using a two stages least square method, the study found the choice to employ risk management has a significant positive effect on crop yield. The positive effects of risk management practices that are not subject to moral hazards are however stronger .The study again finds that risk management decisions are largely based on banks. Thus, farmers in a highly concentrated banking area may benefit more from managing risks since banks will be more interested in providing funds to them. 
Aidoo et. al., (2014) in a study identified the factors that influenced farmers willingness to adopt crop insurance as a risk management tool in Ghana. The study collected data from 120 farmers in the Sunyani municipality in the Brong region of Ghana. The study employed a binary logistic analysis and a logarithmic multiple regression model in its analysis. The study’s results showed that, the majority of farmer were willing to adopt the crop insurance although the premium the farmers pledged to pay was very low. The study concluded that intense education for farmers on the importance of crop insurance and savings will improve the adoption of crop insurance as a risk management tool in the municipality.
Ajewole (2014) in a study on wetland agriculture in Nigeria examined the risks and constraints  in wetland farming in the Ekiti state. The study in addition examined the strategies adopted to mitigates the effects of such risks on productivity. The study using an importance ranking index method identified flooding as the most severe risks in wetland farming followed by drought, pest and diseases respectively. Whiles the incidence of human diseases was the least risk affecting farming productivity.  The study however shows that mixed cropping method was widely used to mitigate risk effects of crop losses. The multivariate regression analysis results also showed that size of the household, formal training, extension contacts, availability of improved planting materials, access to credit facilities all significantly increases productivity in wetland farming whiles the effect of age is negative.   
Haneishi et. al., (2014) conducted a study on the effects of risk attitude of farmers on rice production in Uganda. The study used a probit regression analysis in estimating data collected from one hundred and ten (110) farmers in two districts in the Western and Eastern part of Uganda. The study found that farmers attitude towards risk have significant effects on the level rice yield. Specifically, the farmers in rice production who are risk averse have higher level of yield than risk loving and risk neutral colleagues since they to put in place better risk management strategies. The increase in total yield is however at a decreasing rate due to their risk aversion attitude.
Harvey et. al.,(2014) in a study also assessed the vulnerability of smallholder farmers and the adaptation strategies to agricultural risks in Madagascar. The study collected survey data from six hundred (600) farming households across three landscapes in Madagascar. The study used Spearman’s correlation in its analyzing the data collected. The study found that although farming risk exposures are very high in the farming regions under study, the practice of risk management is very low. The study however added that, low cost technical options such as extension services will improve the adoption of management practices that will reduce farmers vulnerability to agricultural risks which will ultimately improve livelihoods of farmers across the country.
Huang et. al.,(2015) also explored how rice farmers in China adjust management practices in response to extreme weather events and the effects of these adjustments on yield. The study’s analysis was based on survey data collected from 1,653 rice farmers in five provinces from 2010 to 2012. The survey showed flooding and droughts were very severe in the study area and have negative impacts on rice yield. Findings from the study also showed that, most farmers adjust their management practices in during the event severe drought or floods than in normal weather conditions. According to the study, the farm management practices applied responds well to these weather events and therefore can be considered as an adaptation to climate changes.
Singh et. al., (2016) in a study examined the extent of adoption of improved mango pratices by mango producers in the Muzaffarnagar district of Uttar Pradesh. The study collected data from 25 mango growers each in eight (8) districts. The study in a simple regression analysis found that family size and the level of farmers’ knowledge on mango production significantly influenced the extent of adoption of mango production technology. The study thus concluded educating farmers to increase their level of knowledge on better farming practices will go a long way to increase the regions mango productivity.
Amare et. al., (2018) in a study investigated the impact of rainfall shocks on agricultural productivity and household consumption in Nigeria. Using an instrumental variable approach, the study estimated survey panel data on the years 2010, 2012 and 2015. The study found that a negative rainfall shock significantly reduces agricultural productivity and then household consumption. The reduction in household consumption is however higher for asset-poor households, land poor households and households in northern Nigeria.












[bookmark: _Toc20132802][bookmark: _Toc23177953][bookmark: _Toc20132803]CHAPTER THREE
[bookmark: _Toc22913682][bookmark: _Toc23177954]METHODOLOGY
[bookmark: _Toc20132804][bookmark: _Toc22897629][bookmark: _Toc23177955]3.1 Introduction
This main objective of this study is to examine the risks associated with mango production in the South Tongu district of Ghana. This section of the study presents the methodology the study adopted in analyzing the study’s objective. The subsections will throw more light on the research design of the study, the study area to considered, data sources, sampling techniques and methods employed in analyzing data collected.

[bookmark: _Toc20132805][bookmark: _Toc22897630][bookmark: _Toc23177956]3.2 Research Design
According to Kumar (1996), there are different criteria used by researchers in classifying research types. This makes is quite difficult to identify the number of research types. Research can however be classified generally into three main groups. Research types are classified based on the mode application of the research study, the objectives of undertaking the research study, and, the type of information sought for the study. Under these broad classifications, the Qualitative and Quantitative methods are the two basic approaches to research widely identified in literature (Dawson, 2002).
Quantitative approach is a method in research that involves explains phenomena by collecting numerical data which are analyzed using mathematically based methods (Creswell, 1994). The core of quantitative research lies in collecting data and analyzing numerical data. It deals with measuring the scale, range or frequency of phenomena. This approach to research is structured and very detailed producing results that can be collated and presented statistically (Neville, 2007). There are several phenomenon that do not seem to naturally produce numerical data. Data can however be collected in a quantitative way by designing research instruments that can convert phenomena for statistical analysis. 
Qualitative research on the other hand is concerned with collecting and analyzing phenomena that are mainly non-numeric or not in the form of numbers. It aims at achieving ‘depth’ and not ‘breadth’ of phenomena by exploring in as much detail as possible examples or instances that are seen as being interesting or informative (Blaxter et al., 1996).
For the purpose of this study, the quantitative approach was adopted. Data is collected with instruments that can be converted in quantitative data so that means, standard, frequency, and relationship between phenomena can be analyzed. 

[bookmark: _Toc20132806][bookmark: _Toc22897631][bookmark: _Toc23177957]3.3 Study Area
The study examines agriculture production risks in the case of mango farmers in the South Tongu district of Ghana. This district is located in the Volta Region of Ghana, at the southern part of the lower Volta basin. It is bounded to the north by the Central and North Tongu districts, to the south by the Keta Municipality, to the east by the Akatsi South District and to the west by the Ada East district of the Greater Accra region. Agricultural activities serves the major source of livelihood since about 56.3% of the population in the district are engaged in agriculture. The vegetation and weather conditions in this area supports livestock production and cultivation of food crops. The savannah plain (short grasses), absence of tsetse fly and low rainfall pattern are favorable for rearing cattle especially and food crops  such as rice, okra, pepper, tomatoes, mango among others. The rainfall pattern shows two rainy seasons, the main rainy season begins in March and ends in July with an average rainfall of 195mm. The second season also starts in September and ends in November with an average rainfall of 73mm. August is the driest month of the year with temperatures between 22.6oc and 29.3oC. The 2010 population and housing census data shows the district has a population of 87,950 representing 4.2% of the Volta Regions total population. 

[bookmark: _Toc20132807][bookmark: _Toc22897632][bookmark: _Toc23177958]3.4 Data Sources
Data employed in this study are from both primary and secondary sources. Primary data are data collected by a researcher for their own specific purpose. Primary data that specifically addresses problem under study were collected from respondents for analyzes. Secondary data were also sourced from international databases, the Ministry of Food and Agriculture in Ghana website, journal and articles on the status and prospects of mango production in Ghana and across the world.

[bookmark: _Toc20132808][bookmark: _Toc22897633][bookmark: _Toc23177959]3.5 Sampling Technique and Sample Size
The method of sampling is widely used in research to gather information about a population under study. The concept of sampling involves selecting a subset or group of individuals form a population to describe or estimate the characteristics of the whole population (Singh and Masuku, 2014). Sampling has two main advantages; it aids faster data collection and at lower cost (Kish, 1965 ; Gupta and Kapoor, 1970). There are several methods of selecting individuals for information. Random sampling, Simple Random sampling, Cluter sampling, Quota sampling,  Purposive sampling, Independent sampling among others are sampling methods widely identified in literature (Singh and Masuku, 2014). Different sampling methods are used to analyze specific research problems. One technique may not be appropriate in analyzing all problems because each research problem is peculiar. The method of selection and the determination of sample size thus play a crucial role in a survey research analysis. A sample size that is too small may lead to erroneous conclusions as the population’s characteristics will not be represented adequately. 
For the purpose of this study, the purposive sampling technique is first adopted in identifying the target population. This technique of sampling involves selecting units according to a purpose. This method is used by a researcher for a specific purpose and invites a specific group of people who can best give information on the phenomenon under study. This study seeks to examine the risk associated with mango production in Ghana, and uses the South Tongu district as a case study. And so, the first sample of consideration in this study is the active mango producers in the South Tongu district of Ghana. Thus, farmers in the district who cultivate mango mainly for the market to generate income, irrespective of the farm size, gender or any other characteristic. The Simple Random technique or sampling approach is used next to select respondents to gather information for the study’s analysis. The Simple Random method is an unbiased form where each unit has an equal chance of being included in the sample. Thus, in selecting the sample for this study, each mango producing farmer in the South Tongu district has an equal chance of being selected or included.

[bookmark: _Toc20132811][bookmark: _Toc23177960]3.5.1 Sample Determination
The 2010 population census data shows that 157 persons of the population in South Tongu district are engaged in mango production (GSS, 2014). However, a more current data from the Department of Agriculture at the South Tongu District Assembly shows that currently, a population of two hundred and ten (210) farmers are engaged in mango production activities. This figure, however, may not adequately represent the actual number of farmers involved in mango cultivation in the district as more people are venturing into this crop production. However, this is the official data available in the period in which this research is being carried out. Given this target population, the sample size is determined using the Kish formula (Kish, 1965).
The Kish formula states that, 


Where, 
v = the standard error of sampling distribution = 0.05
s2 = the maximum standard deviation of the population





Given,  N = 210


The sample size has been determined using the Kish formula. The results shows that out of the population of 210 farmers in the South Tongu district, the sample size is found to be sixty eight (68) but the study rounds up this figure to seventy (70). In this study therefore, 70 farmers actively engaged in mango production in the South Tongu district are randomly selected for the study’s analysis.
[bookmark: _Toc20132812][bookmark: _Toc22897634][bookmark: _Toc23177961]3.6 Data Collection 
The sample size computed in the preceding section shows a sample of 70 farmers are considered for the study. Primary data is collected from respondents with a questionnaire which included both structured and unstructured questions. Questions that address the core objectives of the study were asked for the study’s analysis. Specifically, sets of questions were asked to identify sources and severity of agricultural risks and perceived effects mango production. The questions also sourced information on the various risk management strategies adapted in managing risks during production. Other information gathered were demographic such as age, sex, educational background and inventory on production such as farm size, variety of mango produced, harvest seasons. This was to provide a general overview on background of respondents and the extent of mango production activities. The questionnaires were self-administered to mango producing farmers in the district under study.

[bookmark: _Toc20132813][bookmark: _Toc22897635][bookmark: _Toc23177962]3.7 Data Analysis
The methods employed in analyzing the study’s objectives are Descriptive statistic analysis and the Spearman correlation coefficient. Descriptive statistics includes measures of frequency (percentages, frequency), measures of central tendency (mean) and measures of variance (standard deviation). For the purpose of this study, descriptive statistics are employed to analyze farmers’ response on the various risks exposures associated with cultivating mango and the management strategies they adopt in mitigating these risk exposures. 


[bookmark: _Toc23177963]3.7.1 Spearman Correlation Coefficient
The third objective of the study is to examine the probable effects of production risks on the level of mango yield or productivity in the South Tongu district. To achieve this objective, the Spearman correlation coefficient method of analysis is used. The Spearman correlation coefficient measures the direction and strength of relationship between two phenomena. In this study, this method is used to determine the relationship between risk and yield or production level. The underlying assumption of Spearman correlation coefficients are; First, variables should be measured continuously or ordinal. (2) The second assumption is the variables should follow a monotonous relationship. That is, as one variable increases, the other decreases, or, both variables increases and decreases together. The Spearman correlation coefficient is represented by rho (p) which measures the direction and strength of relationship between the two variables analyzed. The significance of this relationship is tested under the null hypothesis which states that the two variables under study are independent, whiles, the alternative hypothesis states otherwise (there exist a relationship). 
H0 : ρ = 0
 H0 : ρ ≠ 0
When the null hypothesis is rejected, it implies there exists a significant relationship between the variables being tested. Failing to reject the null hypothesis on the other hand implies both variables are independent of the other. The data collected were analyzed using the Stata 12 Statistics and Data Analysis software.




[bookmark: _Toc20132814][bookmark: _Toc23177964]CHAPTER FOUR
[bookmark: _Toc20132815][bookmark: _Toc22913692][bookmark: _Toc23177965]ANALYSIS AND DISCUSSION OF RESULTS
[bookmark: _Toc20132816][bookmark: _Toc22897636][bookmark: _Toc23177966]4.1 Introduction
This chapter of the study presents and discusses the results obtained from analysing the study’s objectives. The study first conducts descriptive analyses on the variables employed in the study.  Statistical analyses that address the study’s objectives are then presented and discussed thoroughly in the subsequent sections. The first section presents descriptive analysis of the variables used in the study, the profile and demographic characteristics of respondents. The next section presents results and discussions on the sources of risk in mango farming in the South Tongu district. Whiles the section that follows presents analysis on the risk management strategies adopted by farmers in the face of risk. The last section presents analysis on the effect of risk on production yield and income of farmers in the district.

[bookmark: _Toc20132817][bookmark: _Toc22897637][bookmark: _Toc23177967]4.2 Descriptive Analysis
The descriptive statistics of the variables employed in the study are presented in the section below. Descriptive statistics presented gives a general overview of the data employed in analysing the studys’ objectives. Descriptive analysis improves accuracy of data and results as data can be screened and any error can be identified and corrected. The descriptive measures presented are Mean, Minimum and Maximum values of the variables used in the study. These measures are used to describe the profile of respondents that were selected for the study, and then general farming characteristics of mango production in the South Tongu district gathered from the field survey.
[bookmark: _Toc20132818][bookmark: _Toc23177968]4.2.1 Profile of Respondents
Statistics on respondents selected for study are summarized in Table 4.1 below. A total of 70 farmers actively involved in mango farming in the South Tongu district participated in the study. Out of the 70 farmers who respondents to the questionnaire, 51.43% (36 farmers) are males and 48.57% (34 farmers) are females. This shows the sample was quite evenly distributed between male and female respondents although the number of male respondents outnumber female respondents. The average age of farmers who participated in the study is 50 years with the youngest and oldest respondents aged 30 and 75 years respectively. This implies, generally farmers involved in mango production in the area under study are matured.
[bookmark: _Toc20132819][bookmark: _Toc22897638][bookmark: _Toc22914611][bookmark: _Toc23177593][bookmark: _Toc23177748]Table 4.1 Profile of Respondents
	Variable
	Frequency
	Percentage (%)

	Age (Average)
	50 years
	

	Gender

	Male
	36
	51.43

	Female
	34
	48.57

	Education

	No Formal Education
	14
	20

	Basic/Primary
	24
	34.29

	JSS/JHS
	13
	18.57

	Secondary/SHS
	9
	12.86

	Tertiary
	10
	14.29

	Marital Status(= 1 if married)
	57
	81.43


Source: Author’s construction (2019)
In an order of education level from no formal education to tertiary education, statistics on the educational background of farmers sampled for the study shows that, 24 farmers representing a majority of about 34% have basic or primary education. Followed by 14 farmers with no formal education representing 20% whiles 13 farmers representing 19% had JSS/JHS education. 10 farmers had tertiary education representing 14% whiles the remaining 9 farmers had secondary/SHS education representing 13% of the sample.
In terms of marital status, given the participants of the study are adults, 57 farmers at the time of the study were married representing 81%. 6 farmers were widowed representing 9%, whiles 4 farmers divorced and 3 were single at the time of the study representing 6% and 4% respectively. 

[bookmark: _Toc20132820][bookmark: _Toc23177969]4.2.2 Mango Production Characteristics
Mango, in the South Tongu district is dominantly cultivated by matured adults as the analysis in the preceding section indicates. The average number of years a farmer in the district has engaged in mango cultivation is about 12 years. The minimum of years a farmer has spent in producing mango in the district is 4 years and a maximum of 30 years of cultivation. The scale of mango production in area is moderate or on the average since more than half of the farmers (54%) sampled for the study cultivates mango on a 1 to 3 acre farm size. Farmers cultivating on a relatively larger scale formed the least percentage of respondents as only eight (8) farmers representing 11% produce on a scale of more than 5 acres of land. In terms of land acquisition, the land on which mango is cultivated is largely acquired through family. The share cropping method where a landowner allows a tenant for a share of produce or harvest is the least practiced in mango production in the area under study. Table 4.2 below summarizes this result.



[bookmark: _Toc20132821][bookmark: _Toc22897639][bookmark: _Toc22914612][bookmark: _Toc23177594][bookmark: _Toc23177749]Table 4.2: Farm Inventory
	Variable
	Frequency
	Percentage (%)

	Years of Farming

	Average
Minimum
Maximum
	12 years
4 years
30 years
	
-


	Farm Size

	Less than 1 acre
	14
	20

	1 to 3 acres
	38
	54.29

	3 to 5 acres
	10
	14.29

	More than 5 acres
	8
	11.43

	Land Acquisition

	Self
	19
	27.14

	Family
	38
	54.29

	Rent/Lease
	9
	12.86

	Share Cropping
	4
	5.71


Source: Author’s construct (2019)

[bookmark: _Toc23177970]4.2.2.1 Variety of Mango Cultivated
Among the varieties of mango produced in Ghana, the commonly grown variety of mango produced in the South Tongu district is Keitt (47.14%), followed by Kent(21.43%) then Palmer(12.86%). Some farmers however cultivate a mixture of these varieties at time. 17.17% of farmers cultivate both the Kent and Keitt variety. Whiles, 1.43 % of the respondents cultivates all three varieties.

[bookmark: _Toc20132822][bookmark: _Toc22898370][bookmark: _Toc23177584]Figure 4.1: Major Varieties of Mango Cultivated
[bookmark: _Toc23177971]4.2.2.2 Source of Capital for Production
Figure 4.2 shows that as many as 60% of the farmers sampled for the study finance their mango production with their personal savings or their own income. Friends, come as a second source by which farmers obtain funds to finance production. While 19%, 4% and 3% obtain funding from Family, Banks and Savings and Loans respectively.
[bookmark: _Toc20132823]
[bookmark: _Toc22898371][bookmark: _Toc23177585]Figure 4.2 Sources of Capital for Production

[bookmark: _Toc23177972]4.2.2.3 Harvest
The southern zone of the mango producing areas in Ghana typical have an two harvest seasons; a major season which begins in mid-April and ends in mid-August a minor season from mid-December to mid-March (Abu et. al., 2011). The South Tongu district is classified under the southern zone of mango producing areas in Ghana. It is therefore expected that farmers harvest twice a year. The results however shows that most farmers in this area harvest once a year although they have an advantage of two harvest seasons over their mango growing counterparts in the northern sector. 48 farmers representing 69% indicated that they harvest once a year, whiles 22 farmers representing 31% harvest twice year.
By distributing the harvest periods over the variety of mango cultivated, the study finds that out of the 15 farmers who cultivate Kent, 10 harvest mango once a year whiles 5 harvest mango fruits twice a year. For farmers producing Keitt also, 22 farmers harvest produce once a year whiles 11 harvest fruit twice a year. For farmers cultivating Palmer however, all 9 farmers indicated one harvest per year.
[bookmark: _Toc20132824]
[bookmark: _Toc22898372][bookmark: _Toc23177586]Figure 4.3 Distribution of Variety of Mango Cultivated and Frequency of Harvest
This suggests that, although the bimodal rainfall pattern favors two harvest seasons in this zone, not all varieties are subject to this harvest periods. In this case, from the results obtained, Palmer may be one of such varieties. Figure 4.3 shows the distribution of variety mango produced and period of harvest.


[bookmark: _Toc23177973]4.2.2.4 Market
[bookmark: _Toc20132825]Figure 4.4 presents results on the destination markets for mango produced in the area. Farmers indicated the major market destination of their produce and in proportion of total produce sold on these markets. The results shows that a majority of the mango produced in this area is largely for the domestic market. According to the results, about 74% of farmers responded a larger percentage of the mango they produce are sold on the domestic or local market. 

[bookmark: _Toc23177587]Figure 4.4 A Pie Chart Showing the Destination Market of Mango Cultivated
[bookmark: _Toc20132826]About 22% of farmers indicated they sell a majority of their produce to domestic processing firms whiles only 4% farmers responded they produce dominantly for export or trade on the international market. 
Only a few respondents directly export their mango produce despite the increasing demand of the mango fruit crop on international markets. This indicates that most farmers are still not taking advantage of the high prospects of foreign income with the increase in demand the mango fruit on the foreign market.
[bookmark: _Toc22897640][bookmark: _Toc23177974]4.3 Sources of Risks in Mango Production
Agriculture is very risky business. Under this premise, the study set out to examine the risk associated with mango production in Ghana using the South Tongu district as a case study. To achieve this, the study in its first objective seeks to identify the sources of risk in the production of mango. The various sources of risk examined in this study are identified in literature as the common sources of risk in agriculture. However, potential sources of risk and frequency of occurrence during the production of a particular crop may differ across regions, countries and district. This is due differences in natural and biological conditions, land tenure system government regulations and policies, institutional frameworks, macroeconomic conditions and many other factors. This study examines the agricultural risks in the context of risk that are associated with production of the mango fruit crop in Ghana, specifically in the South Tongu district. 
[bookmark: _Toc22897641][bookmark: _Toc22913698][bookmark: _Toc20132827]In this study, the sources of risk examined includes weather and biological conditions, price risks, human or personal risks, financial risk, and, asset risk. The study analyses the frequency occurrence of the risks to ascertain which of these risks sources are important in the production of mango in the district. Results from the information provided by mango growers in the district on the sources of risk are presented in Table 4.3 below.  
The results in Table 4.3 below shows that under weather and biological conditions, flooding is not an important source of risk in mango production. 60% of mango growers indicated that floods never occur during production. Farmers who indicated that floods rarely occasionally occur are 18% each while only 3% indicated floods often occur during cultivation. As a whole, a majority of farmers do not view flooding as an important source of risk in mango production. This is however contrary to the findings in a study by Ajewole (2014) which identified flooding as the most severe risk in wetland farming in the Ekiti state in Nigeria. This sharp contrast in findings can be attributed to the differences in the nature of soil and conditions of farming.
[bookmark: _Toc22897642][bookmark: _Toc22914613][bookmark: _Toc23177595][bookmark: _Toc23177750]Table 4.3 Sources of Risk in Mango Production in the South Tongu District
	Sources of risk

	Variables 
	Never
	Rarely
	Occasionally
	Often
	Always

	
	No.
	%
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Weather and Biological Conditions

	Flood 
	42
	60
	13
	18
	13
	18
	2
	3
	-
	-

	Drought 
	9
	13
	22
	31
	26
	37
	13
	19
	-
	-

	Irregular rainfall pattern 
	7
	10
	6
	9
	31
	44
	22
	31
	4
	6

	High temperature
	2
	3
	21
	30
	28
	40
	19
	27
	-
	-

	Pests
	1
	1
	5
	7
	10
	14
	25
	36
	29
	41

	Diseases 
	1
	1
	6
	9
	30
	43
	23
	33
	10
	14

	Price risk

	Changes in input prices
	-
	-
	8
	11
	24
	34
	32
	46
	6
	9

	Changes in output prices
	2
	3
	18
	26
	25
	36
	22
	31
	3
	4

	Human or personal risk

	Sickness, Death, Resignation
	23
	33
	25
	36
	19
	27
	2
	3
	1
	1

	Financial Risk

	Capital or Liquidity Constraint
	4
	6
	18
	26
	28
	40
	18
	26
	2
	3

	Asset Risk

	Fire
	19
	28
	4
	6
	2
	3
	22
	32
	21
	31

	Theft
	6
	9
	8
	12
	12
	18
	31
	45
	11
	16

	Equipment (breakdown, faults)
	20
	29
	13
	19
	20
	29
	12
	18
	3
	4


For drought, only 13% indicated that it never happens in the course of production. Whiles 37% indicated that long periods of no rainfall happens occasionally during production. A majority of farmers therefore point out that drought is fairly an important source of risk in production.
Irregular rainfall pattern has becoming of major concern in agriculture production for most indigenous producers who depend on rainfall in crop cultivation. A majority of 44% of farmers sampled for the study indicated that occasionally, irregular rainfall patterns occur whiles a only 6% has observed this irregular pattern happens frequently in the course of production. On the whole, a majority of farmers admit irregular weather conditions is a fairly an important source of risk in mango production.
High temperatures also as described by a majority of farmers as quite an important of risk in production. 40% of farmers forming a majority recounted that high temperatures occurs occasionally whiles only 3% indicated that extreme temperatures occur during production.
Pests, however, appears to be the most important source of weather or biological risks. 41% of farmers respond that incidence of pests attacking the mango tree and fruit is very frequent. The majority of farmers recounted their farms are always under attack by pests such as mealy bugs, mites and fruit flies in the course of production. A majority of farmers thus indicate pests are a very important source of biological risk in mango production.
Diseases, however are only fairly important since a majority of farmers representing 43% indicated diseases affect the mango crop occasionally and not as frequent as pests. Only 1% indicated that diseases never affect the mango plantation. This suggest diseases are an important source of biological risk but not as important as pests infestation. 
Under price risks, 46% of farmers responded changes in prices of input for production occurs often whiles none indicated input price changes never occur. This is a strong indication that input price changes is an important source of price risk to mango growers. The effect of this result on income of farmers however depend on the direction of price change. A mark up in input prices increases cost of production which lowers overall profit to farmers. On the other hand, a change in input prices downwards enable farmers to invest better in production which may increase yield and also income generated.
Changes in output prices is however not so important source of risk as compared changes in input prices during production. 31% of farmers responded output price changes only occasionally. Whiles 3% indicated output prices never changes. On the whole, price risks are very important source of risks which may potentially affect incomes or profit of farmers. In a situation where prices of inputs of mango production fluctuate upwards persistently and not matched equally with an upward adjustment of output prices, farmers may run at a loss which may consequently affect the overall welfare of farmers.
Human or personal risks such as sickness, death, resignation of workers or any other form of staff losses seem not to be an important source of risk in production. 37% of farmers responded staff problems rarely occur while 33% recounted staff losses never happen in production. Human or personal risks therefore are not important in mango production in the district.
40% of farmers sampled for the study indicated that liquidity constraints occur occasionally whiles only 3% indicated these challenges always occur. Most farmers in the sample are matured and finance production with their own savings or income. It is probable farmers cultivate based on their financial strength and thus explain why liquidity challenges are encountered only occasionally. On the whole however, financial risks are only fairly important source of risk in production.
For asset risks however, fire and theft cases are both important sources of risk. Out of the sample 32% and 45% responded fire and theft cases occur often during production. Faults and breakdown of farm tools and equipment however, are not an important source of risk in production.

[bookmark: _Toc20132828][bookmark: _Toc22897643][bookmark: _Toc23177975]4.4 Risk Management Strategies
The second objective of the study is to examine the management strategies adopted by mango growers to mitigate risk associated with production. For the purpose of this study, the management strategies examined include; diversification, production contracts, marketing contracts, hedging and insurance.  However, a farmer may decide to adopt more than one strategy depending on how the farmer perceives risk, its sources and its effects on production. farmers were therefore allowed to choose as many strategies they adopt against risks exposures. 
The results generally indicate that a majority of farmers representing about 89% of farmers sampled for the study practice at least one form of risk management strategy. This suggests farmers in this region are taking steps to reduce their vulnerability in the face of unforeseen circumstances. Unlike the results presented by Harvey et. al., (2014), in case of smallholder farmers in Madagascar which indicated that the practice of risk management strategy by farmers in the region is very low although farming risk exposures are very high.
From Figure 4.6 below, diversification approach is identified as most used or practiced by farmers in reducing or mitigating risk exposures. 18 farmers practice the diversification method only while 24 farmers indicated they apply both diversification and production contract method. 2 farmers adopt diversification and marketing contracts with 1 farmer applying the diversification method with insurance. Akcaoz and Ozkan (2005) in a study on sources of risk and the strategies adopted by farmers with different risk attitudes in the Cukurova region of Turkey also identified diversification as one of the main risk strategies adopted by farmers in the region.
With regard to the other risk strategies, 13 farmers engage in production contracts only while 4 farmers practice marketing contract strategy.

[bookmark: _Toc20132829][bookmark: _Toc22898373][bookmark: _Toc23177588]Figure 4.5 Risk Management Strategies Adopted by Mango Farmers
[bookmark: _Toc20132830]Among the total sample of 70 farmers, no farmer applies the hedging method in mitigating risk of price changes. This generally implies farmers in this area of study do not adopt any strategy to lock in prices for their farm produce to protect their expected income against any potential fall in prices. This is alarming considering the fact that hedging is a protective mechanism which can potentially reduce price risk and secure farmers profit by the end of the farming period. 27 farmers out of the total sample adopt multiple strategies. Only 8 out of 70 farmers use no strategy in mitigating risk exposures during production.


[bookmark: _Toc23177976]4.4.1 Variation in Risk Management Strategy Adopted Across Gender
Figure 4.7 shows a distribution of risk management strategies across gender. Interestingly, the results show that, among the 8 farmers who do not apply any risk management strategy, there are 5 females and 3 males. Again, most of the management categories are dominated by males over females. This therefore suggests that, generally men are more likely to adopt risk management strategies to mitigate mango production risks than females.

[bookmark: _Toc20132831][bookmark: _Toc22898374][bookmark: _Toc23177589]Figure 4.6 Risk Management Strategies Adopted by Mango Farmers

[bookmark: _Toc20132832][bookmark: _Toc23177977]4.4.2 Effectiveness of Risk Management Strategy Adopted
Farmers adopt strategies that are known to them in the face of unanticipated events and which best mitigates and control effects of risk exposures. The farmers sampled for this study were asked the how effective the strategies they have adopted over the years has been in lowering the effects of risk in production. More than half of the farmers, represented by 51%, with some degree of uncertainty indicated their methods so far have been somehow effective. 
This result suggest that farmers are still vulnerable to dangers of unanticipated events since the strategies adopted so far has not adequately served its purpose. This may be due to either a misapplication of strategy to the various risks or farmers do not apply methods correctly.

[bookmark: _Toc20132833][bookmark: _Toc22898375][bookmark: _Toc23177590]Figure 4.7 Effectiveness of Strategy Adopted
[bookmark: _Toc20132834]
[bookmark: _Toc22897644][bookmark: _Toc23177978]4.5 Risks Associated with Mango Production and Productivity in the South Tongu District
The third objective of the study is to examine the impact of risks associated with mango production on productivity in the South Tongu district. To analyze this objective, the study employs the Spearman Correlation Coefficient. This method is employed to measure the strength of association between the risks sources and the level of yield. In order words, it ascertains the direction and strength of relationship between the various risks and the productivity of mango cultivation in the district in the South Tongu district of Ghana. Table 4.4 presents results of the association between production risks and average mango yield or productivity.

[bookmark: _Toc20132835][bookmark: _Toc22897645][bookmark: _Toc22914614][bookmark: _Toc23177596][bookmark: _Toc23177751]Table 4.4: Risks and Mango Yield or Productivity in the South Tongu District of Ghana
	Dependent Variable is Average Mango Yield (Productivity)

	Independent Variable
	Correlation Coefficient

	Weather and Biological Conditions

	Flood
	0.3370

	Drought
	0.1427

	Irregular Rainfall Pattern
	-0.4853**

	High Temperature
	0. 2536*

	Pests
	-0.7346**

	Diseases
	-0.4126**

	Price Risk

	Changes in Input Prices
	-0.7962**

	Changes in Output Prices
	0.3704**

	Human or Personal Risk

	Sickness, Death, Resignation
	-0.3864

	Financial Risk

	Capital or Liquidity Constraint
	-0.4621*

	Asset Risk

	Fire
	- 0.5518***

	Theft
	- 0.4107**

	Equipment(breakdown, faults)
	0.2448


*,**,*** denotes 10%, 5% and 1% level of significance 

Table 4.4 above shows that, under weather and biological sources of risk, the spearman correlation coefficient is 0.3370. This indicates a positive direction of flow between floods and yield. Thus, flood is positively related to yield. A higher occurrence of floods is associated with higher production yields. This relationship is however not significant. Flooding is therefore not associated with mango yield or productivity. 
Drought, also, has a positive spearman correlation coefficient which is 0.1427. This indicates a positive direction of flow between long periods of no rain and yield. This relationship is however not significant. Drought is therefore not associated with average mango yield or productivity. 
The correlation coefficient of irregular rainfall pattern is however negative and significant at 5% level of significance. Specifically, the coefficient value is -0.4853 indicating a moderate negative relationship between rainfall pattern and average yield or productivity. This implies a higher occurrence of irregular rainfall patterns is associated with lower production yields. Irregular rainfall pattern is therefore associated with the level of mango yield or productivity in the South Tongu district.
Extreme high temperatures also is significantly associated with the average level of mango yield or productivity. The Table 4.4 above shows that, the spearman correlation coefficient is 0.2536 and significant at 10% level of significance. This indicates a positive direction of flow between extreme high temperatures and yield. Thus, a higher occurrence of high temperatures favors higher production yields. Warm conditions are favorable for fruiting, but when temperatures are extremely high, it may pose serious effects on cultivation. This is a probable explanation to the weak association between high temperatures and yield level or productivity.
The spearman correlation coefficient for pest is negative -0.7346 and significant at 5% level of significance. This indicates a strong negative relationship between pests and yield. A higher occurrence of pest infestation is negatively associated with higher production yields. Rampant  pest infestations therefore significantly decreases mango yield or productivity. Indicating a strong association between pest and average mango yield in the district.
The correlation coefficient for diseases also is negative and significant at 5% level of significance. Coefficient value -0.4126, indicating a moderate negative relationship between mango crop diseases and yield. A higher occurrence of diseases is negatively associated with higher production yields and thus significantly decreases yield mango yield or productivity. 
For price risks, input price changes has a strong negative coefficient of -0.7962. This coefficient value is again significant at 5% level.  This indicates higher price inputs significantly lowers average yield or productivity. The strong negative relationship is explained as a markup in input prices increases cost of production which lowers overall profit to farmers. On the other hand, a change in input prices downwards enable farmers to invest better in production which may increase yield and also income generated.
The correlation coefficient of output prices however positive and significant at 5% level of significance. Coefficient value is 0.3704, indicating a moderate positive relationship between mango fruit crop output prices and yield. This implies output prices moves together with productivity. A mark up in output prices increases farmers profit or income. Higher profits encourages farmers to invest more to increase production to enhance supernormal profits. A decrease in output prices therefore reduces profit to farmers and discourages production resulting in a decrease in productivity levels.
The correlation coefficient for personal risks is also negative indicating an inverse relationship between personal risks and yield. The coefficient value is -0.3704 indicating a moderate negative relationship. This relationship is however not significant. This implies staff losses such as death, sickness, resignation are not significantly associated with the level of yield or productivity.
The correlation coefficient for capital or liquidity constraints is also -0.4621 and significant at 10% level. This result suggests a moderate negative relationship between capital constraints and average yield of mango. This implies serious liquidity challenges tends to lower yield as constraints in cash flow delays or stifles production process. Financial risks are thus significantly associated with the level of yield or productivity.
For asset risks, the correlation coefficient of fire outbreaks is -05518. This implies a moderate inverse relationship between fire outbreaks and yield. This relationship is again significant at 1% significance level. A farmer can loose an entire cultivated mango farm in a severe fire outbreak. Fire outbreaks are thus significantly associated with the level of yield or productivity. 
Theft has a correlation coefficient of -0.4107. This result also suggests a moderate inverse relationship between theft cases and yield. This relationship is again significant at 5% significance level. Rampant theft of mango fruits before harvests is completed lowers yield left for farmers. Theft thus is significantly associated with the level of yield or productivity. The breakdown of tools and equipment has a positive value of 0.2442. This relationship although weak is as well not significant. There is therefore no association between the breakdown of tools and equipment and average yield.


[bookmark: _Toc20132836][bookmark: _Toc23177979]CHAPTER FIVE
[bookmark: _Toc20132837][bookmark: _Toc22913704][bookmark: _Toc23177980]SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATION
[bookmark: _Toc14923201][bookmark: _Toc20132838][bookmark: _Toc22897646][bookmark: _Toc23177981]5.1 Introduction
This is the final chapter of the study. The first section summarises the main findings from the studys’ analysis. The next section proposes recommendations based on the findings obtained. The last section concludes the entire study.

[bookmark: _Toc14923202][bookmark: _Toc20132839][bookmark: _Toc22897647][bookmark: _Toc23177982]5.2 Summary of Findings
The overall objective of this study is to examine the risks associated with the mango production in Ghana, using the South Tongu district as a case study. The purposive and random sampling techniques were employed in selecting respondents for the study. Data was collected via questionnaire administration from 70 farmers who are actively engaged in cultivating mangoes in the district under study. Descriptive statistics (mean, standard deviation, frequency, percentages) and Spearman Correlation Coefficient are the methods used in analysing data collected. The main findings after analysing the study’s specific objectives are presented below. 
The study’s analysis revealed that pests is the most important source of weather or biological risks in mango production in Ghana. 41% of farmers reported incidence of pests always attacking the mango tree and fruit. The majority of farmers recounted the frequency with which their farms are attacked by pests such as mealy bugs, mites and fruit flies in the course of production. Drought, Irregular rainfall patterns, high temperatures, diseases are fairly important sources of weather and biological risk. Whiles floods are not important sources of risk in mango production.
Under price risks, the study finds that input price changes is an important source of price risk to mango growers. Whereas changes in output prices is not so important source of risk as changes in input prices during production. On the whole, price risks are very important source of risks which may potentially affect incomes or profit of farmers. In a situation where prices of inputs of mango production fluctuate upwards persistently and not matched equally with an upward adjustment of output prices, farmers may run at a loss which may consequently affect the overall welfare of farmers.
Human or personal risks such as sickness, death, resignation of workers or any other form of staff losses seem not to be an important source of risk in production. 37% of farmers responded staff problems rarely occur while 33% recounted staff losses never happen in production. 
Financial risks are only fairly important source of risk in production. Whiles, for asset risks, fire and theft cases are both important sources of risk. Faults and breakdown of farm tools and equipment however, are not an important source of asset risk in production.
The study again found that, only 8 out of 70 farmers use no strategy in mitigating risk exposures during production. The remaining 62 respondents used a form of risk management strategy with   27 of them applying multiple strategies. The study found men are more likely to adopt management strategies. Among the total sample of 70 farmers, no farmer applies the hedging method in mitigating risk of price changes. This generally implies farmers in this area of study do not adopt any strategy to lock in prices for their farm produce to protect against any potential fall in prices. Regarding the effectiveness of these strategies adopted in mitigating risk however, majority of the farmers gave a weak response indicating uncertainty of how effective their strategies have been so far in mitigating risk. This result suggest that farmers are still vulnerable to dangers of unanticipated events since the strategies adopted so far has not adequately served its purpose. This may be due to either a misapplication of strategy to the various risks or farmers simply do not apply methods correctly.
Lastly, the study finds that irregular rainfall patterns, high temperatures, pests, diseases, price risks, financial risk and asset risk in terms of fire and theft are all significantly associated with the level of mango yield or productivity. Flood, drought, breakdown of equipment and staff losses on the other hand are not associated with mango yield in the district. 

[bookmark: _Toc20132841][bookmark: _Toc22897648][bookmark: _Toc23177983]5.3 Conclusion
Farmers encounter many risky events from the onset of cultivation that potentially affect the level of yield, income and their overall welfare. In the case of South Tongu district, this study examines the risks associated with mango production in Ghana. A sample of 70 mango growers in the South Tongu district were involved in the study. Descriptive statistics and Spearman Correlation coefficient analysis are methods employed in analyzing information gathered from our field survey. 
Pests and changes in input prices are more important sources of risk whiles flood, drought, personal risks and equipment challenges are not important sources of risk in mango production in the district.  Again, a weather and biological conditions, price risk, financial risks and asset risks to a larger extent are significantly associated with the average level of mango yield or productivity. A majority of farmers have adopted management strategies but in their response are not too certain on the effectiveness the strategies they have been practicing. Farmers need more education and training to enrich their knowledge on the various forms of risk exposures and best methods to adopt to mitigate such risk exposures when they occur. This will not only protect farmers income and welfare, but also secure expected mango yield and improve overall production levels.

[bookmark: _Toc14923203][bookmark: _Toc20132840][bookmark: _Toc22897649][bookmark: _Toc23177984]5.4 Recommendations
The study makes the following recommendations based on the major findings from its analysis presented in the section above.
According to the study’s analysis, pests are the most important source of risk for mango farmers in the district. On this premise, the study recommends that farmers be equipped with better knowledge, techniques and methods. This will equip farmers to be able to timely detect, control and rid off pests that infest their mango farms in order to prevent a mass infestation which poses serious effects on yield. The study further encourages research institutions, the Ministry of Food and Agriculture and other stakeholders to conduct more research on mango infesting pests in order to have greater control on this important challenge in the mango production business.
The study’s analysis again revealed that after pests, changes in input prices in the next important source of risk in mango production. Results in the preceding section interestingly revealed that no famer practiced hedging as a management strategy at the time of the study. This is alarming considering the fact that hedging is a protective mechanism which of locking up prices and protect profits to farmers against fluctuations in prices. In this regard, the study recommends that farmers be educated more on the various types of management strategies so that they can make choices that best address the risks they encounter most for effective results. Females, especially should be given higher preference since they are less likely to adopt risk mitigating strategies.
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summarize
    Variable |       Obs        Mean    Std. Dev.       Min        Max
-------------+--------------------------------------------------------
      Gender |        70    1.485714    .5034046          1          2
         Age |        70    50.62857    9.810038         30         75
   Education |        70    2.671429    1.326666          1          5
    M_Status |        70    2.185714    .6436503          1          4
     F_Years |        70    11.58571    5.279144          4         30
-------------+--------------------------------------------------------
      F_Size |        70    2.171429    .8841835          1          4
    L_Acqstn |        70    1.971429    .7980307          1          4
   M_Variety |        70    2.328571     1.13854          1          7
      Market |        70    2.171429    .4806827          1          3
  Proportion |        70    92.92857    15.49878         20        100
-------------+--------------------------------------------------------
     Harvest |        70    1.314286    .4675827          1          2
   Y_Highest |        70    15.63571    19.35985        1.5        100
    Y_Lowest |        23    15.94565    25.98404        .25         90
  TotalValue |        70    16507.14     18663.2        800     114000
       Flood |        70    1.642857    .8852366          1          4
-------------+--------------------------------------------------------
     Drought |        70    2.614286    .9370453          1          4
 RnfallPattn |        70    3.142857    1.011323          1          5
     HghTemp |        70    2.914286    .8295775          1          4
       Pests |        70    4.085714     .988966          1          5
    Diseases |        70         3.5    .8968544          1          5
-------------+--------------------------------------------------------
WeatherBio~k |        70    2.985714    .8425781          2          5
    Input_Pr |        70    3.514286    .8119195          2          5
   Output_Pr |        70    3.085714    .9284998          1          5
  Price_Risk |        70    3.071429    .8567114          1          5
   Staffloss |        70    2.042857    .9236932          1          5
-------------+--------------------------------------------------------
Personal_R~k |        70    2.271429    .9619037          1          5
Source_Cap~l |        70    1.771429    1.118636          1          5
Capital_Co~t |        70    2.942857    .9307269          1          5
Financial_~k |        70    3.115942    1.022342          1          5
  Strategies |        70    4.271429    2.807451          1         16
-------------+--------------------------------------------------------
Effectiven~s |        70         2.3    .7293038          1          4

tab  Gender

     Gender |      Freq.     Percent        Cum.
------------+-----------------------------------
       Male |         36       51.43       51.43
     Female |         34       48.57      100.00
------------+-----------------------------------
      Total |         70      100.00
tab  Education

          Education |      Freq.     Percent        Cum.
--------------------+-----------------------------------
No formal education |         14       20.00       20.00
      Basic/Primary |         24       34.29       54.29
            JHS/JSS |         13       18.57       72.86
      Secondary/SHS |          9       12.86       85.71
           Tertiary |         10       14.29      100.00
--------------------+-----------------------------------
              Total |         70      100.00

tab  M_Status

   M_Status |      Freq.     Percent        Cum.
------------+-----------------------------------
     Single |          3        4.29        4.29
    Married |         57       81.43       85.71
   Divorced |          4        5.71       91.43
    Widowed |          6        8.57      100.00
------------+-----------------------------------
      Total |         70      100.00

tab  F_Size

           F_Size |      Freq.     Percent        Cum.
------------------+-----------------------------------
 Less than 1 acre |         14       20.00       20.00
     1 to 3 acres |         38       54.29       74.29
     3 to 5 acres |         10       14.29       88.57
more than 5 acres |          8       11.43      100.00
------------------+-----------------------------------
            Total |         70      100.00

. tab L_Acqstn

      L_Acqstn |      Freq.     Percent        Cum.
---------------+-----------------------------------
          Self |         19       27.14       27.14
        Family |         38       54.29       81.43
    Rent/Lease |          9       12.86       94.29
Share cropping |          4        5.71      100.00
---------------+-----------------------------------
         Total |         70      100.00

tab  M_Variety

                M_Variety |      Freq.     Percent        Cum.
--------------------------+-----------------------------------
                     Kent |         15       21.43       21.43
                    Keitt |         33       47.14       68.57
                   Palmer |          9       12.86       81.43
           Kent and Keitt |         12       17.14       98.57
Kent and Keitt and Palmer |          1        1.43      100.00
--------------------------+-----------------------------------
                    Total |         70      100.00

. tab  Market

           Market |      Freq.     Percent        Cum.
------------------+-----------------------------------
          Foreign |          3        4.29        4.29
    Local(market) |         52       74.29       78.57
Local(processing) |         15       21.43      100.00
------------------+-----------------------------------
            Total |         70      100.00

. tab  Market Proportion

                  |                       Proportion
           Market |        20         40         55         60         65 |     Total
------------------+-------------------------------------------------------+----------
          Foreign |         0          0          0          1          0 |         3 
    Local(market) |         0          1          1          0          1 |        52 
Local(processing) |         1          0          0          0          0 |        15 
------------------+-------------------------------------------------------+----------
            Total |         1          1          1          1          1 |        70 


                  |                 Proportion
           Market |        70         80         85        100 |     Total
------------------+--------------------------------------------+----------
          Foreign |         0          1          0          1 |         3 
    Local(market) |         0          1          0         48 |        52 
Local(processing) |         2          6          1          5 |        15 
------------------+--------------------------------------------+----------
            Total |         2          8          1         54 |        70 


. tab  Harvest

    Harvest |      Freq.     Percent        Cum.
------------+-----------------------------------
       Once |         48       68.57       68.57
      Twice |         22       31.43      100.00
------------+-----------------------------------
      Total |         70      100.00

. tab  Harvest M_Variety

           |                       M_Variety
   Harvest |      Kent      Keitt     Palmer  Kent and   Kent and  |     Total
-----------+-------------------------------------------------------+----------
      Once |        10         22          9          7          0 |        48 
     Twice |         5         11          0          5          1 |        22 
-----------+-------------------------------------------------------+----------
     Total |        15         33          9         12          1 |        70 


tab  Strategies

                             Strategies |      Freq.     Percent        Cum.
----------------------------------------+-----------------------------------
                            No Strategy |          8       11.43       11.43
                        Diversification |         18       25.71       37.14
                   Production Contracts |         13       18.57       55.71
                    Marketing Contracts |          4        5.71       61.43
Diversification and Production Contract |         24       34.29       95.71
Diversification and Marketing Contracts |          2        2.86       98.57
          Diversification and Insurance |          1        1.43      100.00
----------------------------------------+-----------------------------------
                                  Total |         70      100.00

. tab  Gender Strategies

           |                       Strategies
    Gender | No Strate  Diversifi  Productio  Marketing  Diversifi |     Total
-----------+-------------------------------------------------------+----------
      Male |         3         11          8          2         10 |        36 
    Female |         5          7          5          2         14 |        34 
-----------+-------------------------------------------------------+----------
     Total |         8         18         13          4         24 |        70 


           |      Strategies
    Gender | Diversifi  Diversifi |     Total
-----------+----------------------+----------
      Male |         1          1 |        36 
    Female |         1          0 |        34 
-----------+----------------------+----------
     Total |         2          1 |        70 



tab  Effectiveness

    Effectiveness |      Freq.     Percent        Cum.
------------------+-----------------------------------
    Not effective |          8       11.43       11.43
Somehow effective |         36       51.43       62.86
        Effective |         23       32.86       95.71
   Very Effective |          3        4.29      100.00
------------------+-----------------------------------
            Total |         70      100.00

.


Spearman Correlation
spearman Flood average

 Number of obs =      70
Spearman's rho =       0.3370

Test of Ho: Flood and average are independent
    Prob > |t| =       0.1043
spearman  average   Drought

 Number of obs =      70
Spearman's rho =       0.1427

Test of Ho: average and Drought are independent
    Prob > |t| =       0.2385

. spearman  average  RnfallPattn

 Number of obs =      70
Spearman's rho =      -0.4853

Test of Ho: average and RnfallPattn are independent
    Prob > |t| =       0.0246

. spearman  average   HghTemp

 Number of obs =      70
Spearman's rho =       0.2536

Test of Ho: average and HghTemp are independent
    Prob > |t| =       0.0828

. spearman  average  Pests

 Number of obs =      70
Spearman's rho =      -0.7346

Test of Ho: average and Pests are independent
    Prob > |t| =       0.0406

. spearman  average  Diseases

 Number of obs =      70
Spearman's rho =      -0.4126

Test of Ho: average and Diseases are independent
    Prob > |t| =       0.0235

. spearman  average  Input_Pr

 Number of obs =      70
Spearman's rho =      -0.7962

Test of Ho: average and Input_Pr are independent
    Prob > |t| =       0.0416

. spearman  average  Output_Pr

 Number of obs =      70
Spearman's rho =       0.3704

Test of Ho: average and Output_Pr are independent
    Prob > |t| =       0.0308

. spearman  average  Staffloss

 Number of obs =      70
Spearman's rho =      -0.3864

Test of Ho: average and Staffloss are independent
    Prob > |t| =       0.2110

. spearman  average   Capital_Const

 Number of obs =      70
Spearman's rho =      -0.4621

Test of Ho: average and Capital_Const are independent
    Prob > |t| =       0.0893

. spearman  average   Fire

 Number of obs =      70
Spearman's rho =      -0.5518

Test of Ho: average and Fire are independent
    Prob > |t| =       0.0018

. spearman  average   Theft

 Number of obs =      68
Spearman's rho =      -0.4107

Test of Ho: average and Theft are independent
    Prob > |t| =       0.0125


. spearman  average   Eqpmt_Brkdwn

 Number of obs =      68
Spearman's rho =       0.2448

Test of Ho: average and Eqpmt_Brkdwn are independent
    Prob > |t| =       0.1442


Reliability Test

Average interitem covariance:        1.235
Number of items in the scale:           34
Scale reliability coefficient:      0.8036
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INTRODUCTION 
This study seeks to examine the risks associated with mango production in Ghana, A case study in the South Tongu district. The data collected is strictly for academic purposes. Respondents are therefore assured of privacy and confidentiality. 
Thank you.
	


 Please tick (√) the appropriate box and fill in the blank spaces where appropriate

SECTION A
DEMOGRAPHICS - BACKGROUND CHARACTERISTICS OF RESPONDENTS
1. Gender                                   i)   Male [      ]                           ii) Female [      ]        
2.  Age of farmer at last birthday                         ...........................................................
3. Level of Education  i) No formal education [    ]    ii) Basic/Primary [  ]      iii) JHS [     ]                                                                                          iv) Secondary /SHS  [      ]     v) Tertiary [      ]             
4. Marital Status    i) Single [      ]   ii) Married [      ]     iii) Divorced [      ]      iv) Widowed [      ]

SECTION B 
FARM AND MANGO PRODUCTION INVENTORY
5. How long have you engaged in mango farming?........................................................
6. What is the size of your farm?
 i) less than 1 acre [      ]  ii) 1 to 3 acres [      ]  iii)3 to 5 acres [     ]   iv) more than 5 acres [      ]      
7. How did you acquire your land for mango production? 
i) Self [      ]   ii) Family [      ]  iii) Rent/lease [      ] iv) Share cropping [     ]  v) other(specify).....
8. What varieties of mango do you produce?
 i) Kent [      ]    ii) Keit [      ]   iii) Palmer [      ]         iv) other (specify).......................
9. Which market do you produce for? 
i) Foreign [      ]      ii) Local (market) [      ]    iii) Local (Processing)    iv) Other.....................
10. In what proportion? please indicate
 i) Foreign/export.........%  ii) Local (market)...........%   iii) local(processing)......%  iv) Other........   
11. How many times do you harvest mangoes in a year? i) Once [      ]     ii) Twice [      ]  
12. What is the highest yield of mango per harvest in good season?................................................
13. What is the lowest yield of mango produced per harvest in a bad season?.................................
14. What is the average total value of mangoes harvested per harvest?................................


SECTION C
AGRICULTURAL RISKS
In an ascending order of frequency, please indicate how often these risks occur during the period of mango production.
Weather and biological conditions
15. Flood    
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ] 
16. Drought  
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
17. Rainfall variability (irregular rainfall pattern)  
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
18. High temperatures 
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]  
19. Pests 
i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
20. Diseases
i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
21. To what extent does weather and biological conditions affect mango yield?
i) Not at all [     ]   ii) Slightly [   ]   iii) Moderately [      ]   iv) Considerably [      ]   
v) A great deal [      ]
Price Risk
22. How often do you experience changes in input prices?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
23. How often do you experience changes in output prices?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
24. To what extent does changes in prices affect yield or revenue?
 i) Not at all [     ]   ii) Slightly [   ]   iii) Moderately [      ]   iv) Considerably [      ]   v) A great deal [      ]
Human or personal
25. How often do you experience staff losses through death, sickness or resignation?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     v) Always [      ]
26. To what extent does human or personal risk affect production or yield? 
i) Not at all [     ]   ii) Slightly [   ]   iii) Moderately [      ]   iv) Considerably [      ]   
v) A great deal [      ]
Financial
27. What is your source of capital for production?
 i) Self [      ]   ii) Family [      ]   iii) Friends [      ]   iv) Savings and Loans [      ]     
v) Bank [      ]
28. How often do you experience capital or liquidity constraints during production? 
 i) Never [      ]   ii) Rarely [      ]  iii) Occasionally [      ]   iv) Often [      ]   v) Always [      ]
29. To what extent does capital or liquidity challenges affect production or yield
 i) Not at all [     ]   ii) Slightly [   ]   iii) Moderately [      ]   iv) Considerably [      ]   
v) A great deal [      ]
Asset Risk
30. How often do you experience fire outbreak in the farm or during mango production?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
31.  How often do you experience theft of farm equipment or produce?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     
v) Always [      ]
31.  How often do you experience breakdown of farm equipment or produce?
 i) Never [     ]    ii) Rarely [     ]   iii) Occasionally [      ]   iv) Often [      ]     v) Always [      ]
33. To what extent does asset risks affect yield or revenue?
 i) Not at all [     ]   ii) Slightly [   ]   iii) Moderately [      ]   iv) Considerably [      ]   v) A great deal [      ]
34. Please rank the following in order of importance, the importance of the following sources of risk in affecting mango yield 
1= Not Important  2 = Slightly Important   3 = Moderately Important 4= Important 5 = Very Important
	Sources of Risk
	1
	2
	3
	4
	5

	Weather and Biological Conditions

	Flood
	
	
	
	
	

	Drought
	
	
	
	
	

	Rainfall Variability
	
	
	
	
	

	High Temperatures
	
	
	
	
	

	Diseases
	
	
	
	
	

	Pests
	
	
	
	
	

	Other Disasters
	
	
	
	
	

	Price Risk

	Changes in Input Prices
	
	
	
	
	

	Changes in Output Prices
	
	
	
	
	

	Financial Risks

	Inadequate Cash Reserves
	
	
	
	
	

	Changes in Interest Rate
	
	
	
	
	

	Human or Personal risks

	Death and Health Problems
	
	
	
	
	

	Accidents
	
	
	
	
	

	Changes in Family Situation
	
	
	
	
	

	Problems with hired labor
	
	
	
	
	

	Resignation
	
	
	
	

	Asset Risk

	Fire
	
	
	
	
	

	Theft 
	
	
	
	
	

	Breakdown of Machine or Equipment 
	
	
	
	
	





SECTION D
RISK MANAGEMENT STRATEGES
35. Which of the following managing strategies do you practice in the period of mango production? (Tick as many responses as Applicable) 
i. No strategy [       ]
ii. Diversification [      ] 
iii. Production Contracts [      ] 
iv. Marketing Contracts [      ] 
v. Hedging [       ] 
vi. Insurance [       ] 
vii. Other (specify).....................................................................................................
36. How effective is (are) your risk management strategies in reducing risk exposures?
i) Not effective [      ]   ii) Somehow effective [      ]   iii) Effective [      ]  iv) Very effective [      ] 
 RECOMMENDATION 
37. How do you perceive risk associated with your business of mango production (in terms of productivity and revenue)?
 …………………………………………………………………………................................
………………………………………………………………………………………………................................................................................................................................................ 
………………………………………………………………………………………………
................................................................................................................................................ 
38. What should be done to improve your capacity as a mango farmer to manage or mitigate risk associated with production. …………………………………………………………………………………....................
……………………………………………………………………………………………… 
……………………………………………………………………………………………… 
……………………………………………………………….…………………………………………...…………………………………………………………………………………………………………………………………………………………………………………………………………………..……………………………….........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................
Kent	Keitt	Palmer	Kent	Keitt	Palmer	15	33	9	Variety of Mango Cultivated
Frequency

60%
14%
19%
3%
4%
Self	Family	Friends	Savings and Loans	Bank	42	10	13	2	3	Kent	Keitt	Palmer	Once	Kent	Keitt	Palmer	10	22	9	Twice	Kent	Keitt	Palmer	5	11	0	Percent	Foreign
4%
Local(market)
74%
Local 
(processing), 22%
Foreign	Local(market)	Local(processing)	4.29	74.290000000000006	21.43	
No Strategy	Diversification	Production Contracts	Marketing Contracts	Diversification and Production Contract	Diversification and Marketing Contracts	Diversification and Insurance	No Strategy	Diversification	Production Contracts	Marketing Contracts	Diversification and Production Contract	Diversification and Marketing Contracts	Diversification and Insurance	8	18	13	4	24	2	1	No Strategy	Diversification	Production Contracts	Marketing Contracts	Diversification and Production Contracts	Diversification and Marketing Contracts	Diversification and Insurance	Male	No Strategy	Diversification	Production Contracts	Marketing Contracts	Diversification and Production Contracts	Diversification and Marketing Contracts	Diversification and Insurance	3	11	8	2	10	1	1	Female	No Strategy	Diversification	Production Contracts	Marketing Contracts	Diversification and Production Contracts	Diversification and Marketing Contracts	Diversification and Insurance	5	7	5	2	14	1	0	Not effective           	Somehow effective          	Effective          	Very Effective           	8	36	23	3	