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Abstract 

This study is an investigation into pesticide use amongst urban agriculture practitioners in 

Ibadan, South-Western Nigeria. It explores pesticide use in urban agriculture within the broader 

context of sustainable development and its dimensions, namely; the environment, economy and 

society in sustainable agriculture. This study is significant as no single study in Nigeria has 

looked at how pesticide use in urban agriculture impacts on broader developmental issues using 

both methods from natural and social sciences. Furthermore, there are conflicting data on the 

extent of UA in Ibadan City and all previous work carried out has been purely descriptive and 

no recent work on pesticide presence in the environment. 

This research adopted an interdisciplinary approach to developing a methodology that 

combines natural and social perspectives as there exist relationships amongst people, profit and 

planet. Therefore, this investigation utilised both a positivist and interpretivist paradigm in 

adopting a mixed methods approach in answering the research questions on historical and 

current pesticide contamination in environment; and evaluating the extent of pesticide use by 

UA farmers in Ibadan and explore farmers’ knowledge concerning good practice, farmer 

awareness of the environmental impacts of poor practice, and farmer motivations with respect 

to the socio-economic drivers that determine pesticide use. 

These methods included quantitative natural science methods of soil, sediment, and diatom 

analysis; and quantitative and qualitative social science methods of questionnaires, interviews 

and focus group discussions. The results from soil and sediment analysis showed pesticide 

residues, including banned organochlorine pesticides such as Dieldrin, DDT, Endosulfan, and 

Endrin. Further investigations to establish long-term contamination using biological and 

radioactive indicators yielded limited results and therefore, historical contamination of the 

study area could not be established. 

However, quantitative analysis of pesticide use conducted via SPSS software showed a high 
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incidence of pesticide use amongst farmers but no significant relationships between its use 

and farmers’ characteristics such as age, gender, educational level and land tenure status. 

Despite no significant relationships between pesticide use and socio-economic variables, 

qualitative analysis of interviews and focus group discussions indicated an awareness of the 

harmful effects of pesticides by farmers and continued pesticide use is a precautionary strategy. 

It also suggested farmers willfully ignore impacts of pesticides on the environment and their 

health with little understanding of the long-term implications for their livelihoods. 

Though pesticide residues in soil and sediments in this study are in low quantity, this study 

revealed new insights into farmers’ limited knowledge on long-term impacts of pesticide use 

on the three dimensions of sustainable development as farmers’ trade good agricultural practice, 

knowledge and awareness for livelihood and economic considerations. With the country 

committed to the sustainable development goals, the insights generated in this study emphasise 

the need for policy redress that can tap into the potentials of urban agriculture, especially in the 

education of farmers regarding pesticide use as a last alternative in their agricultural production. 

Also, a resuscitation of the country’s existing law on pesticide monitoring and enforcement 

should be encouraged. 

Word count: 490 
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Chapter 1  

‘We won't have a society if we destroy the environment.’ 

 

- Margaret Mead 

Introduction 

1.1 Introduction to study 

This study is an investigation into pesticide use amongst urban agriculture practitioners in 

Ibadan, South-Western Nigeria. It explores pesticide use in urban agriculture (UA) within 

the broader context of sustainable development (SD) and its dimensions, namely the 

environment, economy and society. Pesticides, as production inputs, play a significant role 

in the production of food with almost one-third of global agricultural output produced using 

these products (Zhang, 2018). These compounds, in agriculture and by extension, UA, are 

relied on to control pests and diseases to reduce the industry’s pre-harvest and post-harvest 

losses to pests and diseases (Oerke, 2006). However, concerns continue to abound on their 

adverse effects on the environment, society and economy as a result of their chemical 

composition, mode of action and methods of application by farmers (Arbeli and Fuentes, 

2010; Mahmoud & Loutfy, 2012; Fenner et al., 2013). When these pesticides accumulate in 

the environment from their overuse and misuse, volatility and persistence, they cause damage 

to agricultural land, fisheries, plant and animal organisms, unintentional killing of beneficial 

predators, illness and death in humans (Wilson and Tisdell 2001; Gavrilescu 2005; Arbeli 

and Fuentes 2010; Ochoa and Maestroni 2018). These problems not only cause 

environmental concern, but cause social and economic concerns. 

 

Sustainable development is a concept defined as “development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs” 

(WCED, 1987: pg. 1). The definition emphasises the importance of managing our present 
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social and economic needs within the limits of the environment in consideration of future 

generations. With pesticides contributing significantly to the provision of food by reducing 

pre and post-harvest losses to pests and diseases, which could be up to 36-40% loss of 

agricultural yield (Edwards, Thurston & Janke, 1993; Oliveira et al., 2014), the rate at which 

these crop protection inputs are being used has increased in 20-fold globally (Popp, Neto 

and Nagy, 2013). These increase in use, with their following impact, has the potential to 

compromise the ability of future generations in meeting their own needs. Even though 

agriculture with pesticide use is being credited with alleviating food security crisis, it is still 

recognised as the highest contributor to environmental degradation (Fenner, 2013; 

Olaonipekun et al., 2019) because of its use of pollutants that poses significant negative 

impacts on biodiversity, environment, food quality, human health and economic growth; a 

potential compromise of the ability of future generations to meet their own needs. To reduce 

this, sustainable agricultural practices are being encouraged. 

 

Sustainable agriculture (SA) is agriculture that meets society’s need for food without 

compromising the ability of future generations to meet their own needs (Pretty, 2007; Velten 

et al., 2015). According to Kiraly (1996), a sustainable agricultural practice must have the 

potential to remain relevant for a period of time, preserve natural resources, protect the 

natural environment, and protect human health. This potential to contribute to SD is limited 

by pesticide due to its hazardous nature. This is most especially true for many developing 

countries in Africa that indiscriminately use these products, including the banned products 

(Quinn et al., 2011). Given the significance of the reaching effects of pesticide use in 

agriculture, potential sustainable agriculture practices such as UA became encouraged as 

part of the drive to meet SD goals of bringing an end to hunger, achieving food security 

and improved nutrition and promoting sustainable agriculture. 

Urban agriculture is defined as the growing, processing, and distribution of food and other 
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products through intensive plant cultivation and animal husbandry in and around cities 

(Brown et al., 2002; Urban Agriculture Committee of the CFSC, 2003). It includes small-

intensive urban farms, food production on housing estates, land sharing, rooftop gardens and 

beehives, schoolyard greenhouses, restaurant-supported salad gardens, public space food 

production, guerrilla gardening, allotments, balcony and windowsill vegetable growing and 

other initiatives (Mougeot, 2006; Redwood, 2008; Hou et al., 2009). According to Hsin 

(1996) and Ackerman et al. (2014), UA is an exciting concept that can potentially contribute 

to SD because it promises self-reliance, community, and local economy while reducing many 

environmentally harmful practices from modern agriculture practices. However, its potential 

to positively contribute to SD is impaired by the use of pesticides and has been identified as 

one of the challenges to a successful practice of UA in African cities such as Ibadan (RUAF 

report, 2007). 

 
With this limitation, its increasing popularity (UNDP, 1996) among urban residents and 

extensive implications for SD, there is a need for an exploratory study into UA pesticide 

practice, especially in developing economies such as Nigeria (Mok et al., 2013; Lee-Smith 

2010) where the practice of UA is gaining momentum as a livelihood strategy. The concept 

of urban farming and agriculture is rising and offers benefits to the citizens of urban areas 

(Carvalho et al., 2017), especially in African cities. In developing countries such as Nigeria 

where UA is contributing to household incomes in response to worsening living standards, 

increased rural-urban migration (Bryld, 2003; Kutiwa, Boon and Devuyst, 2010; Thornton, 

2010) and subsequent increase in urban population (Henderson, 2002), the rate at which 

pesticides are being used has grown exponentially despite available alternative crop 

protection methods (Pretty, 2007; de Bon et al., 2014b). In some South-east cities of Nigeria, 

farmers produce various crops in their household gardens to fulfil their health and growth 

need but the adverse effects of using pesticides within their living vicinity can potentially 
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affect the health of their family (Enete and Achike, 2008), hence a social concern.

Given the implications it has for social, economic and environmental goals, and overall 

sustainability from continued reliance on pesticides, this thesis is an investigation into 

pesticide use amongst urban agriculture practitioners in Ibadan, South-Western Nigeria 

within the context of SD. Findings from this study can inform on how UA could contribute 

to local and global food security within the principles of sustainable development (Coelho 

et al., 2018). This chapter of the thesis, therefore, introduces the subject of concern and states 

the aim and objectives of the research. It continues with the significance of the study and 

contribution to knowledge and outline of the thesis. The chapter concludes with an outline 

of the subsequent chapters of the thesis and a summary of this opening chapter. 

1.2 Research aims and objectives 

Trends and patterns in developmental studies (Basiago, 1999; Wilson & Tisdell, 2000) and 

policy narratives (Brundtland Report, 1987; Independent Group of Scientists appointed by 

the Secretary-General, 2019) point to the significant interactions and relationships that exist 

amongst the social, economic and environmental dimensions of sustainable development. 

One of these many interactions is the relationship that exists between agricultural practice 

and its impact on dimensions of SD (Martellozzo et al., 2014). As pesticide use impacts on 

water, soil, air, and biodiversity (Petrescu-Mag et al. 2019), there are increasing global 

concerns about these impacts on the environment, society and economy. These impacts are 

significant because it affects the potential of UA to contribute to SD. 

 
Given the potential multi-dimensional impacts of pesticide use in UA, the overall aim of this 

study is to adopt an interdisciplinary approach towards combining an investigation of these 

impacts, with an exploration of the extent of pesticide use and how these multiple dimensions 

are affected by farmers’ decision to use or not use pesticide. The specific objectives for this 

study therefore are: 
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1. To develop a research framework for integration of environmental, economic and social 

perspectives on the use and impacts of pesticides in this exploratory study. 

2. To identify suitable methods to quantify residual pesticides in soil and sediments. 

 

3. To create a historical and current profile of pesticide use in Ibadan city from methods used 

in objective two. 

4. To evaluate the extent which pesticide use by UA farmers in Ibadan and explore farmers’ 

knowledge concerning good practice, farmer awareness of the environmental impacts of 

inadequate training, and farmer motivations concerning the socio-economic drivers that 

determine pesticide use. 

 

A desk-study involving search and critical review of literature is carried out to develop a 

research framework that allows for an interdisciplinary study into pesticide use in UA and 

SD. Natural science methods are used to investigate the persistence of pesticides in soil and 

water, while social science methods were adopted to explore and explain the extent of 

pesticide use in UA. The study benefits from using quantitative data to tell us the extent of 

pesticide use and general knowledge, attitude and behaviours of farmers; and qualitative 

data to broaden our understanding of how farmers process the decision behind these factors. 

These culminate in a holistic approach towards fully identifying, understanding and 

explaining the extent of pesticide problem in UA. 

 

1.3 Relevance and contribution of the study 

As the world shift towards ensuring a society where the societal, economic and 

environmental impact of any given practice such as agriculture is minimized, the use of 

pesticide is a challenging occurrence that affects this delicate balance between human socio-

economic needs and the environment. This delicate balance is so because these pesticides 

persist in the environment long after their application and potentially cause problems for the 
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environment, society and economy. Although the role of agriculture is essential in meeting 

the basic physiological need for food, the continued demand for pesticides by farmers to 

control both the biotic and abiotic environment to meet socio-economic needs contradicts 

the principle of sustainability. 

 

Despite several arguments made on the possibility of agricultural production without 

pesticides (Wilson and Tisdell, 2000; Pretty, 2007), these chemicals have been statistically 

shown in numerous studies (e.g. Edwards, Thurston & Janke, 1993; Oliveira et al., 2014, 

Oerke 2006; Zhang, 2018) to considerably reduce the percentage of crop that are susceptible 

to pests and pathogens. This benefit the pesticides provide, by destroying those unwanted 

organisms that may threaten food production, subsequently minimise crop losses and 

increase profits for farmers. Their continued use and persistent presence in the environment, 

however, contributes to one of the many problems that impede sustainable development as 

a result of human failure to consider the long-term implications of their short-term benefits. 

These problems lead to both short and long-term damage such as soil and water 

contamination, pesticide poisoning, bioaccumulation in aquatic organisms, among many 

others. 

Though UA is applauded as a solution to urban food security challenges, especially in low 

income countries (Dubbeling and de Zeeuw, 2010; Mougeot, 2011) and sub-Saharan 

countries like Nigeria (Lynch et al., 2001 and Pasquini, 2006), Binns and Lynch (1998) 

expressed concerns that some published work on UA suggested that it was the panacea for 

solving urban food supply problems, without considering the wider implications of its 

impacts. Furthermore, Lynch et al (2001) suggested more research is needed to clarify issues 

such as impacts of UA on environment and health. With the misuse of pesticides identified 

as an impediment to its sustainable practice in Ibadan city, Nigeria (RUAF report, 2007), a 

study into this becomes imperative. 
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Pesticide misuse is a huge problem with lots of attendant effects despite the continuous 

research into producing safe-to-use chemicals (Taylor et al., 2007). The misuse of pesticide 

according to Asogwa and Dongo (2009) is rampant because of farmers’, and even 

government trained agents’, perception of increasing dosage beyond prescription 

(Adewunmi and Fapohunda, 2019) kills pests rapidly. One of such misconceptions is the 

mixing of different classes of pesticides, such as fungicides and insecticides, together so as 

to reduce application time (Ojo, 2016). The many conflicting data on the extent of UA in 

Ibadan makes it challenging to assess these pesticides since few studies have produced data 

that can be used to plan an assessment and investigation into the problem of pesticide misuse. 

For this reason, this study will collect and use its own primary information in ensuring data 

validity. By generating new primary data, they could be used in future research involving 

urban agriculture and sustainable development in the city. 

 

This study is also significant due to limited information on pesticide use in UA in developing 

countries such as Nigeria, coupled with an absence of reliable empirical data on the scale and 

impact of pesticide use in UA in Ibadan city, Soth-western Nigeria (Brown, 2004; Djurfeldt, 

2015; Stewart et al. 2013). Asogwa and Dongo (2009) and Brown et al. (2006) also revealed 

the nonexistence of detail research on impacts of pesticides due to a lack of consistent 

monitoring and evaluation process in Nigeria and other developing countries. This lack of 

monitoring and evaluation is in stark contrast to developed countries such as the United 

Kingdom (UK) where monitoring and assessment provide ample field-based information on 

impacts of pesticide use in urban agriculture. By adopting an interdisciplinary approach to 

developing a methodology that combines natural and social perspectives because of the 

influence of pesticide use in UA on sustainable development, this study will attempt to 

explore, in a single research, broader developmental issues surrounding pesticide use in UA 

in a Nigeria city.
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This study is also significant in maintaining Nigeria’s commitment towards achieving the 

Sustainable development goals (SDGs 2030) after failing to meet their Millennium 

development goals (MDGs) target in 2015. This is because environmental sustainability and 

an end to poverty are two inter-twined goals that are used as one of the many indicators of 

SD. Therefore, findings from this study can be used to inform national policy makers as the 

country work towards meeting its sustainable development goals targets by 2030 (discussed 

in chapter 2), which includes an end to hunger, achieving food security and improved 

nutrition, and promoting sustainable agriculture. 

 

Furthermore, given the depth of research conducted on pesticide use in urban agriculture in 

developed countries, which are generally in temperate climes, there are fewer studies 

conducted in developing and tropical country like Nigeria. According to Ekeleme et al. 

(2008), the risk of pesticides is often higher in (sub) tropical climates than in temperate 

climates which could be due to different rates of pesticide dissipation under tropical and 

temperate conditions (Racke et al., 1997) and this current study of pesticides in a tropical 

environment like Nigeria could provide significant insight into urban pesticide management. 

 

Also, despite pesticide consumption in Africa to be 2-4% of the global pesticide market 

(Williamson et al., 2008), the reported percentage of poisoning and damage to the 

environment is far higher in comparison to other continents. With limited research in Nigeria 

on farmer knowledge concerning good agricultural practice on pesticides (awareness, 

mastery of technical information etc.), farmer awareness of impacts of poor practice, and on 

farmer motivations concerning the socio-economic drivers that determine pesticide use 

(Wilson and Tisdell, 2000), this study is significant as it allows for an understanding of 

pesticide impacts within a dense and sizeable urban population like Ibadan, Nigeria. 
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Also, there is no previous study on the degree to which pesticides are being used in rapidly 

growing urban environments and the attendant problems associated with this, especially in 

a tropical climate as high temperatures have been established to influence the fate of their 

chemical constituents concerning soil. By exploring this gap, this thesis will contribute to the 

discourse on sustainable urban systems by informing policymakers on the significance and 

extent of pesticide use in the urban environment, which will help in designing programmes, 

and writing policies that will alleviate the pesticide problem. 

 

Tracing the history of past and present use of pesticides in urban agriculture is also essential 

to urban agriculture studies as little information on pesticide contamination in the study area 

is available in the literature. This study plans to use both chemical and biological analyses 

to assess pesticide contamination, given the tropical characteristics of high temperatures in 

the study area, which may influence the persistence of pesticides in the environment. By 

coring recent lake sediments, the study can assess pesticide contamination in lake sediments 

and provide relevant insights to a history of pesticide use. This information will also help in 

providing monitoring and evaluation of pesticide use in our goal of making cities and human 

settlements inclusive, safe, resilient and sustainable for all inhabitants (Tabibian and 

Movahed, 2016). 

 

This study will also contribute to the literature on the interdependence of economic, social 

and environmental factors in understanding factors driving pesticide use in urban agriculture. 

Such an understanding could be used in designing environmental educational programmes 

aimed at improving farmers’ knowledge of pesticide and encouraging good agricultural 

practice. Overall, this thesis explores the evidence of the impacts of pesticide use in UA in a 

tropical city, as well as develop a methodology that can be refined and replicated in other 

similar urban settings. 
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1.4 Thesis structure 

This chapter (one) provides a general background to the study, research aims and 

contribution to study. Chapter two presents the scope of research and conceptualisation of 

issues underlying the analysis. This chapter defined key terms and policy narratives on urban 

agriculture, pesticide use and sustainable development. These definitions allow for 

establishing the scope of research because UA is a broad topic touching on different aspects 

of social, economic and environmental factors. It creates a contextual justification for this 

study through an exploratory of historical and current pesticide use in UA, with focus on 

Ibadan City in Nigeria. This scope and context are used in formulating research questions 

and activities to achieve the study aim. It also includes the conceptual framework for the 

thesis. Conceptualisation of pesticide use in UA is discussed within the economy, society and 

the environment. This discussion establishes the interaction among the sustainability 

dimensions and how they impact one another in the practice of UA. It also explains the 

multidisciplinary nature of the research through diagrammatic representations of the 

research activities. 

 

Chapter Three is a review of key literature that shows the current state of knowledge and 

gaps in our understanding of pesticide use in urban agriculture, especially in a developing 

economy. This is followed by Chapter Four that entails the methodology employed in this 

study. It presents the research paradigm, the justification for using a combination of 

quantitative and qualitative methods and describes in detail the activities involved in 

conducting questionnaire survey, interviews and focus discussion. This chapter also explains 

the different methods used in the natural science research aspect of this study and the 

probable cause of the non-existent result generated from most of these methods. The conduct 

of data analysis, including laboratory analysis, were also described. 

 

Chapters Five presents the results obtained from natural research methods such as coring 
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activities, lead 210 dating, and soil analysis and diatom survey. It is followed by a discussion 

of findings and significance to study objectives. Chapter Six present the results from the 

social science research methods which includes the socio-economic background of 

respondents, factors informing pesticide use and themes developed from the analysis of the 

data generated from the social science methods adopted. 

 

Chapter Seven discusses the results presented in chapter six, while chapter Eight brings 

together the interactions among results generated and discussed emerging themes on how 

they drive pesticide use in UA. It also presents a summary of key findings in the study and 

how it fulfils the objectives of the research. The chapter concludes with recommendations 

from current research for future research. 

 

1.5 Conclusion 

This chapter has given a brief introduction to this study, including the objectives and its 

relevance to the body of knowledge on pesticide use. The following chapter is in two parts: 

the first includes the scope of study which introduces and explores pesticide use in urban 

agriculture within the context of sustainable development and present sustainable 

development goals while the second part uses the context established in the conceptualisation 

of research issues. 

 

 

 

 

 



12  

Chapter 2  

Scope of Study and Conceptualisation 

2.1 Introduction 

This chapter defines the extent of the research study and the context within which 

conceptualisation is situated. To reiterate the research aim highlighted at the beginning of the 

thesis, the objective of this study is to adopt an interdisciplinary approach by combining an 

investigation into the assessment of pesticides in soil and sediments in an urban ecosystem 

with the extent of pesticide use within an urban ecosystem and further explored by analysing 

how dimensions of SD are impacted on from continued pesticide use in UA practice. Given 

the depth of studies relating to the aim of research, the scope of this study is limited to 

pesticide issues concerning the urban ecosystem, urbanisation, urban challenge, food security 

challenge, urban agriculture, sustainable development and sustainable agriculture in 

developing countries and tropical environments like the study area, Ibadan city in Nigeria, 

sub-Saharan Africa. 

The conceptualisation of research is a process of identifying underlying assumptions in a 

study (Srinidhi, 2013). This process is an essential component of a research thesis as it 

provides clarity in the research development process which helps in removing ambiguity and 

mapping out the key issues that are of interest in a research study (Srinidhi, 2013; Sequeira, 

2014). This clarity further provides insights for understanding and analysing the 

phenomenon under investigation within the context of current knowledge. Sustainability/SD 

is a key concept used by social scientists interested in interactions between human society 

and the environment (Fahy & Rau, 2013). However, their multiple dimensions and inter-

relationships provides a challenge in its conceptualisation as there is no established 

framework for this kind of study (Munda and Saisana, 2011). This is rather driven by 

concepts and methods specific to the subject of concern. Several issues that make it a 
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challenge is the scoping of relevant concepts and components, given the interconnectedness 

that exists among the dimensions (Munda and Saisana, 2011). The conceptualisation of 

pesticide use in UA is therefore established in the latter part of this chapter within the concept 

of SD and its elements. 

In this study, pesticide use is reviewed within the scope of urban agriculture's potential 

contribution to sustainable development. As such, the study looks at how pesticide use 

impacts on the three dimensions of sustainable development, namely; society, economy and 

the environment. To understand this subject of concern, this study assesses the presence and 

effect of pesticide use on environment, society and economy as dimensions of sustainable 

development. Urban farmers are also identified as primary consumers of pesticides and 

therefore, issues about their socio-economic characteristics, knowledge and attitude and how 

it influences their decision to use pesticides are explored. 

This chapter of the study, therefore, contributes to this thesis by establishing the main 

concepts of interest, exploring wider issues on pesticide use and sustainable development, 

and providing a basic conceptual framework for this study. 

2.2 Sustainable development/sustainability 

As mentioned in chapter one, this study is concerned with pesticide use in UA and its impacts 

sustainable development. This provides background on developmental issues such as food 

security and urban poverty that drives UA in developing countries such as Nigeria. The 

proceeding sections will discuss UA and pesticide use within the context of SD. 

2.2.1 The concept of sustainable development/sustainability 

In the Eighties, global leaders mapped a new development concept that is aimed at protecting 

our world in totality. This concept, known as sustainable development (SD), was formally 

introduced in a document titled 'Our Common Future' by World Commission on 

Environment and Development (WCED) in 1987, also known as the Brundtland Report. The 

report was the synthesis of several policy efforts that recognised the finite characteristics of 
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resources and how it concerns present and future generations' survival (Pearce et al., 1990). 

Sustainable development was defined as 'development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs" (WCED, 

1987: pg. 1). The definition of SD by the Brundtland commission recognises that resources 

we take for granted are finite and that if conscious steps at sustaining them are not 

encouraged, there will be fewer resources for future generations and therefore put them at 

risk. The report also highlighted our responsibility to remove compartmentalisation of 

human activities and effects within nations, sectors and general areas of concern (WCED, 

1987; section 2:11). 

 

Morelli (2011), defined sustainability as the ability of man to preserve the limited natural 

resources and not overuse these resources to the detriment of the future while Ben-Eli (2012) 

described it as a precise balance in the interface between a population and the carrying 

capacity of its environment which could be any population and any environment. Foy (1990) 

used the term sustainability interchangeably with SD to argue for environmental preservation 

on the premise that current economic and social activities should not place an excessive 

burden on future generations. These definitions of sustainability are synonymous to those 

used to describe SD in the 1987 Brundtland Report. However, some researchers criticised 

the ambiguity (Jacobs, 1994; Ben-Eli, 2012) in these two interchangeable terms because of 

their trivialisation, which for example in business is used as a corporate strategy that gives 

them grandstanding (Ben- Eli, 2012), as an ethical imperative (Pawlowski, 2008) and 

development projects (Jacobs, 1999). 

Diesendorf (2000) expressed his criticism of the ambiguity by describing sustainability as 

the goal of a process called SD and therefore defined SD as a process that encompasses 

economic and social development which protect and enhance the natural environment and 

social equity. This study, therefore, adopts Diesendorf's (2000) distinction of both terms and 
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will refer to SD in this study as a process and sustainability as a goal. 

By adopting the definition of SD as a process in this study, three central components were 

derived from its definition, namely; environment, the economy and the society (Hallett, 

Hoagland and Toner, 2016). Each of these three dimensions is a complex, dynamic, self-

organising and evolving entity in its own right and their overall sustainability relies on their 

capability to interact successfully with one another without jeopardising future needs 

(Spangenberg, 2005). 

2.2.2 Dimensions of sustainable development 

Since the emergence of SD, as a concept, and the three main dimensions: environment, 

society and economy; being used as its framework in studies involving sustainability, some 

authors has theorised additional dimensions in different contexts such as Seghezzo (2009) 

who included place, permanence and time; the United Nations Educational Scientific and 

Cultural organisation (UNESCO, n.d) included culture as a fourth dimension. All these 

theorisations confirm the dynamics of the three basic dimensions as foundational and are 

influenced by current issues, perspectives, and values (Brodt et al, 2011). However, for 

clarity, this study considers the environment, economy, and society as the main components, 

which is also referenced in the definition of SD. Also, given that the subject of concern is 

agriculture, a vital link between the society and the environment (Bacon et al.,2012), these 

dimensions are discussed within the scope of UA, the specific topic of interest. 

 

Environmental sustainability is concerned with the protection and sustainable use of natural 

resources, especially water and soil resources without pollution or degradation (Liu and 

Zhang 2013). The field of sustainability as a dimension of SD gathered momentum to argue 

for environmental preservation and against environmental degradation from socio-economic 

activities because of its significant contribution to the society and economy (Everett et al., 

2010). Attah (2010) and Morelli (2011) described the environment as our ‘natural capital’, 
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which needs to be sustained in order to meet our socio-economic goals. Natural capital is a 

concept used in highlighting the importance of environmental systems via ecosystem services 

in influencing a country’s economic output and social well-being (Constanza et al. 1997; 

EEA, 2015; Reed et al., 2005; Ndimele et al, 2018). Ecosystem services are defined by Boyd 

and Banzhaf (2007) as “the benefits of nature to households, communities, and economies” 

which include provision of food and water purification; regulation of carbon sequestration; 

and support of nutrient cycles. 

As explained by Sanchez-Medina et al. (2014), the environment is: responsible for supplying 

natural inputs upon which socio-economic success relies on; provides recreational services 

which are beneficial to the society; and also acts as a receptor of the wastes and residues 

such as pesticides which are generated in the production and consumption of goods for 

economic growth. The environment is therefore considered to play a crucial role in 

sustainability and often referred to as the bedrock of the tripartite relationship that exists 

amongst the three core dimensions of sustainability (EEA, 2015). 

One of the ways environment is being degraded is the use of agrochemicals in the form of 

persistent organic pollutants and other pesticides in agriculture (Pimentel, 2005). Though 

pesticides are intentionally introduced into the environment, the impact of this willful 

action is significant to both social and economic dimensions of sustainability (Bacon et 

al., 2012). When these pesticides are used within the premise of environmental 

sustainability which includes practices and technologies that do not pose adverse effects 

on the environment and accessible and practical for farmers; their use can lead to 

improvements in food productivity with positive effects on environmental goods and 

services (Pretty, 2007). However, when these pesticides are misused, they may cause 

resource shortages due to extensive use, and environmental pollution is a side effect of 

pesticide overuse (Pretty, 2007). This pollution from pesticide inputs has consequences 
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for both the social and economic dimensions of sustainability. 

 

 
 

2.2.3 The Sustainable development goals: the policy context 

 

The importance of global food security was recognised as central to the achievement of 

the eight MDGs (UN Millennium project, 2005; Sachs, 2012; see Box 2.1 for the MDGs) 

especially for developing economies like Nigeria with goal one aimed at reducing poverty 

by half between 1990 and 2015. Similarly, the SDGs has zero poverty and hunger as 

foundational goals for overall achievement. This is because an end to hunger contributes 

substantially towards economic growth and development (Timmer, 2004; WFP, 2016). 

The 17 SDGs (box 2.2) have been set in recognition of the interactions among the 

developments targeting the three main dimensions of SD, where an action in one area will 

affect the outcomes of others (UNDP, 2015). 

However, the end report produced by the United Nations Development Program's 

(UNDP) in 2015 on Nigeria's MDGs progress, showed less than 45% of the target was 

met (weak). Also, the country's level of progress at ensuring environmental sustainability 

was reported as fair as 45-59% of targets was met. These shortcomings were adduced to 

the late commencement of MDGs in Nigeria in 2005 despite committing to it in 2000. 

With these shortcomings acknowledged, Nigeria transitioned into the SDGs as a 

continuation of MDGs and one of the ways she has demonstrated her commitment is 

through the Agricultural transformation agenda (ATA). It encourages farmers to increase 

agricultural productivity using sustainable practices (SDGs Nigeria, 2017). 
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With the recent transition to SDGs in 2015 and early commencement in most countries 

like Nigeria, national and continental commitment towards achieving these goals by 

2030 is being exercised through a national, regional, and continental framework. For 

instance, the African Union (AU) on a continental scale has a blueprint for transforming 

Africa called the Agenda 2063, which came into effect in May 2013 during the 50th 

Anniversary solemn declaration (Africa union, 2013). The Agenda involves a plan to 

transform Africa into a global powerhouse and deliver on its goal for sustainable 

development in the next 50 years. Among its goals are building environmentally 

sustainable and climate-resilient economies and communities for a prosperous Africa 

based on inclusive growth and sustainable development through modern agriculture for 

increased proactivity and production that can radically transform African agriculture to 

feed the continent and become a significant player in food export. To achieve this, the 

Comprehensive African Agricultural Development Programme (CAADP) is one of the 
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continental frameworks under Agenda 2063 that is designed to assist African countries to 

eliminate hunger and reduce poverty by raising economic growth through agriculture-led 

development as well as promoting increased national budget provision to the agriculture 

sector. CAADP also sets targets for reducing poverty and malnutrition, which will 

increase productivity and farm incomes, and for improvements in the sustainability of 

agricultural production and use of natural resources (Benin, 2016). 

With the importance of food security crucial to the success of SDGs, pesticides in UA as 

a means to ensuring food security becomes an impediment. In this thesis, pesticides are 

conceptualised as having implications for sustainable development goals 1, 2, 3, 8, 11, 14 

and 15 (see table 2.1) and are directly related to the objectives of this study. These are no 

poverty, zero hunger, good health and well-being, decent work and economic growth, 

sustainable cities and communities, life below water and life on land (SDGs, 2015). If 

there is no food security, poverty and zero hunger cannot be achieved; 

good health and well-being are dependent on enough food, and only healthy people can 

work and contribute to economic growth. However, food produced with pesticides under 

bad agricultural practices contaminates the environment, leads to food poisoning, an 

unproductive workforce due to health-related issues and reduced economic growth. To 

promote sustainable urban areas and its communities (goal 11), the food security 

challenge as a result of rapid urbanisation needs to be evaluated within the purview of 

sustainable agriculture practice (goal 2). 
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Table 2.1: Impact of pesticides on SDGs 2030 

Sustainable Development 

Goals (SDGs) 

Dimension of 

sustainable 

development 

Impact of urban agriculture with 

pesticide use 

Potential contribution of urban agriculture to sustainable development 

without pesticides 

Goal 1: End poverty in all its 

forms everywhere 

 

Social dimension 

Pesticide use in UA, especially with 

misuse leads to contamination of soil 

and water (environment), cause 

pesticide poisoning from residue in 

food (social). These contradicts the 

goals of ending poverty when food 

produced with pesticide is 

unwholesome. 

Urban agriculture potentially contributes to food security even though the 

impact may be small by making significant contributions to the urban nutrition, 

movement against hunger and poverty through self-reliance and improved 

livelihoods (Ferreira et al., 2018). Many urban dwellers (up to 70 percent of 

urban households) now engage in farming activities to meet their food needs 

which is a precursor to eradicating poverty (Zezza 

Tasciotti, 2010). 

Goal 2: End hunger, achieve 

food security and improved 

nutrition and promote 

sustainable agriculture 

 

Social and 

environmental 

dimension 

 

Goal 3: Ensure healthy lives 

and promote well- being for all 

at all ages 

 

 

Social dimension 

The use of pesticides in UA leads to 

increased food poisoning from 

residues (Meharg, 2016), danger of 

pesticide inhalation. 

UA potentially contributes to the nutrition of urban household (Boeing et al., 

2012) through access to fresh produce such as vegetables and other highly 

perishables and thereby ensure healthy lives and well-being 

(Joye, 2007; Ulrich, 2006), 

Goal 8: Promote sustained, 

inclusive and sustainable 

economic growth, full and 

productive employment  

and decent work for all 

 

 

Economic dimension 

Its long-term impact on human 

health, animals and environment will 

lead to a decline in productivity. For 

example, pesticide 

resistance leads to more 

outbreak and reduced productivity. 

 

UA contributes to livelihoods in Africa by improving income amongst poor 

households (Bryld, 2003; Thornton, 2008, Zezza and Tasciotti, 2010) and 

allows for an integration of multiple land use (Lovell, 2010). 

 

Goal 11: Make cities and 

human settlements inclusive, 

safe, resilient and sustainable 

 

Social, economic and 

environmental 

dimensions 

 

 

 

 

 

 

The presence of pesticides in the 

environment has been recorded to be 

an impediment to these services such 

as their impacts on wildlife and 

marine organisms. This makes city 

living 

 

 

 

 

 

Several benefits of UA include the provision of ecosystem services (Armstrong, 

2009; de Zeeuw et al., 2011), and fixation of atmospheric nitrogen and carbon 

(Herridge et al., 2008; Beniston & Lal, 2012); moderating air temperature (Susca 

et al., 2011; Qiu et al., 2013); regulation of local microclimate and hydrology 

(Oberndorfer et al., 2007); improving the quality of cities (Frumkin, 2003; 

Turner et al., 2004). 

Goal 14: Conserve and 

sustainably use the oceans, 

seas and marine resources for 

sustainable development 

 

Environmental and

 economic 

dimension 

Goal 15: Protect, restore and 

promote sustainable use of 

terrestrial ecosystems, 

sustainably manage forests,

 combat desertification, 

and halt and reverse land 

degradation and halt 

biodiversity loss 

 

 

 

Environmental 

dimension 
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2.2.4 Sustainable Agriculture 

Sustainable development is achievable when modern societies promote agricultural practices 

that is required to meet our present and future nutritional requirements whilst ensuring 

protection of our environment and growth of the economy. According to the definition by the 

United States Farm bill (1990) in Velten et al. (2015), sustainable agriculture is an: 

“integrated system of plant and animal production practices having a site specific application 

that will, over the long term: (a) satisfy human food and fiber needs; (b)  enhance 

environmental quality; (c) make efficient use of non-renewable resources and on-farm 

resources and integrate appropriate natural biological cycles and controls; (d) sustain the 

economic viability of farm operations; and (e) enhance the quality of life for farmers and 

society as a whole.” 

In Lehman et al. (1993), it was simply defined as agriculture that is economically viable and 

meet people’s need for safe and wholesome food, while conserving and enhancing the natural 

resources and quality of the environment. These definitions and several others such as MacRae 

et al (1989) and Pretty (1997), are all built around the concept of sustainability/SD discussed 

in earlier sections of this chapter. However, conventional agricultural practices that rely on 

inputs such as pesticides which on the long-term do not only negatively impact the 

environment through contamination and pollution but also affect the wellbeing of farmers and 

society and diminishing economic viability of the industry to contribute to livelihoods. These 

conflict with sustainable agriculture principles and therefore, the use of pesticides is not 

suitable in the goal of promoting sustainable development (Kiraly, 1996). UA has been 

proposed as a potential sustainable agriculture practice given its many benefits to the urban 

ecosystem (section 2.3.4), but its use of pesticide has been recorded which conflicts with the 

principle of sustainable agriculture. 

However, according to McDougall et al. (2019), this issue could be mitigated through 

several interventions. 
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2.2.5 The food security challenge 

The challenge to produce food towards the eradication of poverty in an environmentally 

and socially sustainable way while ensuring economic prosperity is crucial to meeting the 

sustainable development (SDGs, 2015). Food security, a significant element of 

development, is a goal of international, continental, and national governments. 

Internationally, world leaders are committed to eradicating hunger and achieving food 

security by the year 2030 through its sustainable development goals (SDGs) program. On 

a continental scale, Africa's Agenda 2063 is aligned to SDGs to eradicate poverty on the 

continent while national programs such as Agricultural transformation agenda (ATA) in 

Nigeria revolves around employment generation, food security and poverty reduction. 

These programs and policies highlight the importance attached to food security as a 

foundation for SD (Brooks, 2016). Though most food production practices appear to be 

beneficial, they are not environmentally sustainable with subsequent effect on social and 

economic sustainability. This challenge is prominent in low and middle countries such as 

Nigeria where pesticides are continued to be used in protecting crops and animals (Leon, 

2008). Therefore, this section explains the food security challenge in an urban ecosystem 

within the context of the three dimensions of SD as a pathway towards meeting the SDGs 

in a developing country such as Nigeria. 

 

According to the World Food Summit (WFS) in 1996, food security was described as "a 

situation that exists when all people, at all times, have physical, social and economic access 

to sufficient, safe and nutritious foods that meets their dietary needs and food preferences 

for a healthy life" (Barrett, 2010). It is also described as secure access by households and 

individuals to nutritionally adequate food, which is procured by conforming to human 

aspirations and dignity. These definitions address multiple components of food security in 

terms of availability, access, utilisation and stability (Clay, 2002) as it is an essential 
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component of social welfare and development which must be safeguarded and sustained by 

the world, nations, districts, villages, households and individuals (Dijk and Meijerink, 2014). 

This means that to individuals and families, nutritionally adequate food must be readily 

available, secured and consumed while conforming to human rights to dignity. This 

summation shows a direct relationship between sustainable development and achieving food 

security because food security cannot be classified as sustainable if pesticides are being relied 

on to boost agricultural productivity. 

 

The key phrase in defining food security is 'secured access to food', which according to 

Maslow's hierarchy of need is a basic physiological need (Wahba and Bridwell, 1976; Lester, 

1990) and pivotal to a healthy population required to drive a sustainable society. However, 

despite continued efforts by international institutions and national governments to ensure 

food security, it remains a challenge, especially in developing countries, which include the 

majority of African countries. This challenge is exacerbated by factors which include poor 

infrastructure, global climate change, poor agricultural systems, and lack of political will. 

Low-income urban residents amongst other groups of people has been cited to be vulnerable 

food insecurity. According to the food and agriculture organisation (FAO) statistics in 2015, 

an estimate of about 815 million people of the 7.6 billion people in the world (10.7%) were 

suffering from chronic undernourishment. Almost all the hungry people live in lower-middle-

income countries within Africa, with only 11 million people undernourished in developed 

countries (FAO 2015). 

The current food security challenge, especially in developing countries and the least 

developed countries, has become heightened with climate change (IIED, 2013). Climate 

change has influenced the distribution and persistence of crop pests and their natural 

enemies (Shabani et al., 2018) despite the use of pesticides. The consequences that are 

associated with this is seen in massive agricultural losses to insect pests (Hari, Sharma and 
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Prabhakar, 2014) as a result of frequent pest outbreaks. The food security challenge for 

both rural and urban residents is also exacerbated by low agricultural production arising 

from rural-urban migration. Within the scope of this study, urban food insecurity is also 

as a result of the high rate of urban poverty brought about by rising urban growth, 

especially in developing countries such as Nigeria. This is because most urban dwellers are 

consumers and barely survive on low or insufficient income that characterises the urban 

poor. In Sub-Sahara Africa, food insecurity linked to prevalence of undernourishment is 

around 21.35% of the total population while Nigeria is around 13.4% (FAO, 2017). Figure 

2.1 shows Africa’s proportion of undernourishment as at 2017 is 21.35%, lower by 6.14% 

as compared to 2000 while Nigeria has been experiencing a sharp rise in food insecurity 

since 2007. This food security challenge results in poverty, a major social problem and 

has been described by Baer et al. (2015) and Roncarolo & Potvin (2016) as a precursor for 

ill health and therefore, a need to classify it as a significant public health problem. 
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Figure 2.1: Prevalence of food undernourishment as an indicator of food insecurity (Data 

sourced from Worldbank data) 
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According to the United Nations report on the sustainable development goals, a high 

proportion of the over 795 million hungry people in the world live in developing countries 

(UN, 2015). This is an indication of a large population in great need which becomes alarming 

because one-quarter of the developing countries’ population lives in urban areas (Zezza and 

Taciotti, 2010), meaning urban areas harbour the highest number of the world poorest. This 

problem becomes more important and goal-oriented in light of world leaders' commitment to 

achieving zero hunger by the year 2030 (SDGs, 2015) and a possible driver for pesticide use. 

 

2.2.6 The urban ecosystem 
 

An urban ecosystem is a component of the ecosystem, a broad term used in defining the spatial 

extent of the total natural environment (Francis and Chadwick, 2013) at different levels of 

biological organization, organisms and communities (Rebele, 1994). An understanding of the 

different spatial degrees to which an ecosystem can exist allows for describing the urban 

ecosystem as a component of the ecosystem, which includes the natural environment, the built 

environment and the socio-economic environment (Clark, 2009), where living things interact 

with non-living things within an urban landscape. 

 

Though a sub-set of the ecosystem, the urban ecosystem is different from other ecosystems 

as it is characterised by the hybridisation of natural and human-made elements (examples 

include rivers, lakes, the species that live in them, the assemblages, buildings, walls, roads, 

parks and gardens (Francis and Chadwick, 2013). These interactions are not only being 

driven by the natural environment, but also by culture, personal behaviour, politics, 

economics and social organisation (Hernandez and Blazer, 2006; Kinzig et al., 2013). This 

suggests that urban ecosystem components are connected entities with direct and indirect 

impacts on immediate (local) and wider environments (the totality of the ecosystem). 
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With urban ecosystem continuing to be the centres and drivers of commercial, scientific, 

political and cultural life, with far-reaching influence on countries as a whole (Leon, 2008), 

they create opportunities for economic and social development and therefore make them 

important for economic growth, innovation, and employment (Cohen, 2006). These 

opportunities in the urban ecosystem have the added benefits of more jobs and potentially 

higher wages and created a pull effect that led to the rapid urbanisation of the urban 

ecosystem. This rapid urbanisation is accompanied by urban poverty and increasing food 

challenge in many African cities, such as Nigeria, especially where the infrastructure to 

accommodate this growth is lacking. The following section narrows down to urbanisation as 

a predicate to urban food security crisis and urban poverty. These two components are 

identified as a driver for pesticide use in pesticides in urban agriculture. 

2.2.7 Urbanization 
 

Urbanization and city growth are driven by several pull factors such as rural-urban 

migration, natural population increase, and annexation (Cohen, 2006). For the scope of this 

study, rural-urban is explored in line with its direct influence on rising urban poverty and 

food insecurity. Demographically, urbanisation is defined as the increase in the proportion 

of a nation's population living in urban areas (Satterthwaite et al., 2010; McGranahan & 

Satterthwaite ,2014). In other words, urbanization is a direct consequence of people moving 

away from a rural area. Owing to this mass migration, the population of people living in 

towns and cities in the developing world are growing rapidly. 

 

Urban areas are defined by population size, which varies from country to country. Nigeria, 

for example, adopts a threshold population of 20,000 people as a criterion for defining an 

urban centre (Sunday and Ajewole, 2006; Ofem, 2012) while Ghana statistically define an 

urban centre as any settlement with a population of 5,000 or more people (Songsore, 2003 

and Engstrom et al., 2013). The Republic of Benin classifies areas with 10,000 residents and 
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more as urban while other African countries like Angola and Ethiopia has a benchmark of 

2000 people to define urban areas. These disparities are to be considered when comparing 

urban agriculture practices and characteristics amongst countries because of locational and 

criterion differences.  

As of 2017, the current world population of 7.6 billion was estimated to reach 8.6 billion 

and 9.8 billion in 2030 and 2050, respectively (UN DESA, 2017). Several studies have 

pointed out that the world will require between 70-100% more food by the year 2050 

(Godfray et al., 2010 and Rayfuse & Weisfelt, 2012). This huge population explosion, 

alongside the significant food security challenges that may arise, places more burden on 

more developing countries such as Nigeria. Among the ten largest population in the world, 

Nigeria is the one experiencing the most rapid growth, has a projection of surpassing that of 

the United States in 2050, and will subsequently become the 3rd largest country in the world 

(UN DESA, 2017). With this kind of rapid growth, UA will help alleviate the burden of food 

insecurity that has been a threat owing to the stagnancy experienced in rural population 

growth which has traditionally been the primary producers (United Nations, 2008). 
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Figure 2.2: Rural-Urban trends across the World, Africa and Nigeria 

Data sourced from United Nations, Department of Economic and Social Affairs, Population Division (2018). World 

Urbanization  Prospects: The 2018 Revision

 

 

2.2.8 The urban challenge 
 

Following decades of a continuous increase in the proportion of the global population living 

in urban areas, the urban population was reported to have exceeded the rural population in 

2008 (FAO, 2009). This led to an unprecedentedly high number of people living in large 

cities (Henderson, 2002), with the growth predicted to continue as FAO (2009) estimates 60 

per cent of the world's population will be living in cities by 2030. This alarming rise in urban 

population, especially in developing countries like Nigeria and majority of her African 

neighbours, presents its unique challenges such as an increase in urban poverty and food 

insecurity as the bulk of the urban poor cannot afford the rising cost of food commodities. 

 

Conceivably, this urban challenge is exacerbated by migration of rural agricultural 

households to cities, thereby leading to a shortage of farm labours and a subsequent reduction 

in agricultural productivity (Pendleton, Crush and Nickanor, 2014). This influx of people 
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into the cities to pursue other activities aside from agriculture that could enhance their wages 

(Henderson, 2003; Goldsmith, Gunjal and Ndarishinkanye, 2004) skewed the scale of the 

balance of economically active population towards industry and services (Satterthwaite, 

McGranahan and Tacoli, 2010). Subsequently, there is an increased abandonment of 

farmland, a return to subsistence farming and a shortage of agricultural production from rural 

areas to feed the ever-increasing urban population (Qian et al., 2016). 

 

The population of Nigeria in 2016 stood at 186 million people (UN DATA, 2015) out of 

which nearly 50% live in urban centres which are similar to the trend in Cameroon with 

more than 70% of its population expected to live in the cities by 2030 (De Bon, Parrot and 

Moustier, 2010). The country (Fig. 2. 2) is administratively divided into 36 states alongside 

the Federal Capital Territory, Abuja. The states are divided into 774 local government areas 

which imply there are only 774 urban centres' (since legally; the headquarters of these local 

government areas are established urban centres) in a nation of 186 million people. For 

Nigeria, the criterion for defining urban centres is ambiguous given that towns in rural areas 

of the country have a population size far higher than the threshold of 20,000 people provided 

for urban centres (Mabogunje, 1990 and Ofem, 2012). Nigeria also has five of the 30 largest 

urban settlements on the continent which include Lagos, Kano and Ibadan, with population 
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figures of 13, 904, 000; 3, 906, 000 and 3, 464, 000 million respectively (POPSTAT, 

2019).

 
 

2.3 Urban agriculture 

With annual global population growth rate reported as 1.10% in 2018 (World bank data, 

2018), world population increased from the 6.1 billion in 2000 to 7.7 billion in 2019 (UN 

WPP, 2019), UA presents an opportunity for a rapidly increasing population like Nigeria to 

increase/augment food supply and accessibility, which in turn improves health conditions, 

boost local economy and encourage social integration. UA, in playing its role to augment 

food security, especially for the urban population, use pesticides as part of its agricultural 

inputs, and therefore unintentionally contribute to environmental problems which have 

impacts on long-term food security, economy and people. 

The state of food security, especially for the low-income group in urban areas has led to a 

renewed awareness and practice of UA to meet the dietary requirements of this population 

Figure 2. 3: Map of Nigeria 
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subset. The two-decades-old global statistics that are still used to highlight the number of 

people involved in UA is the 800 million figures estimated by Smit et al., (2001) in 1996 

UNDP report and cited by many urban researchers (Redwood 2008, Lee-Smith 2010, 

Mougeot 2005 & 2011, Duchenim). Not only does this figure described the total population 

engaged in UA as at 1996 when the figure was established, but it also includes the 200 

million people who are market producers and a labour force of 150 million (UNDP, 1996). 

However, with the continued increase in urban population, and a subsequent increase in UA 

practitioners, the figure would have increased exponentially. 

 

2.3.1 Defining urban agriculture 

Despite variations in defining UA or UPA according to the SLU Global Report of 2014, its 

definition keeps evolving to reflect the context in which it is discussed. Therefore, several 

definitions will be explored in this section to situate one that best describes the scope of this 

study. The term Urban Agriculture has been used interchangeably in different kinds of 

literature with Urban and Peri-Urban Agriculture (UPA) and Urban and Peri-Urban 

Agriculture and Forestry (UPAF), with all fundamentally referring to the same thing – the 

cultivation of productive plants and animals in and around cities (Mougeot, 2000). However, 

for the sake of consistent, the term Urban Agriculture will be used in this thesis.  

 

Smit et al. (1996, p3 and 2001: p 1) defined UA as 'an industry that produces, processes and 

markets food and fuel, largely in response to the daily demands of consumers within a town, 

city, or metropolis, on many types of privately and publicly held land and water bodies found 

throughout intra-urban and peri-urban area, applying intensive production methods, using 

and reusing natural resources and urban wastes to yield a diverse array of land, water, and 

air-based fauna and flora, contributing to the food security, health, livelihood, and 

environment of the individual, household and community'. A simplified yet comprehensive 
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definition was also given by Guendel (2002) as agricultural (including livestock) production, 

and processing and distribution activities within and around cities and towns, with the main 

motivation being personal consumption and income generation, and which competes for 

scarce urban resources of land, water, energy, and labour that are in demand for other urban 

activities.  

 

These definitions show that UA offers a wide-ranging benefit which includes; contribution 

of significant amounts to the proportion of food consumed in the city; crisis management 

when markets are not working; strategy to overcome cash shortages or even for commercial 

purposes; as well as improving food security and nutrition, and creating employment for the 

jobless (Lynch et al., 2001 and Pasquini, 2006). Food production and income generation, as 

highlighted in the definition of UA, shows its important role in meeting the goals of the 

social and economic dimensions of sustainability. UA, according to Mougeot (2000) is 

characteristically different from rural agriculture because of how it is integrated into the 

urban economic and ecological system. This is because UA is agricultural production, 

regardless of where it is being practised, has its very own set of problems such as pest and 

disease infestation, UA, therefore, relies on the intensive use of pesticides to increase food 

production for the teeming urban population and cut losses accruing from pest and disease 

attack (Carvalho, 2007). 

The first working definition was 'food and fuel grown within a city or peri-urban area, 

produced directly for the market or home consumption and frequently marketed by the 

farmers themselves or their close associates'. The definition emphasises UA role in 

producing food is mainly for local consumption, and there is the direct involvement of 

farmers themselves. As at the time Smit et al. presented this definition, UA was only seen 

as a means to augment agricultural production, which is heavily reliant on rural agriculture. It 

can, therefore, be said that UA was initiated to enhance food security which is central to its 
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definition. Armar-Klemasu (2000) referred to UA as agriculture practices, formal or 

informal, within and around cities, which raises, processes, and distributes food from 

fisheries, horticulture and livestock. This definition by Armar-Klemasu (2000) makes UA 

accessible to all categories of farmers, especially with the formal and informal labels. 

 

The main function of UA reflected in its several definitions revolve around the provision of 

one of the three basic human needs- food and income generation. These two provisions; food 

and income generation matches some social and economic objectives of sustainability. 

However, in the bid for UA to meet its social and economic objectives, its increasing reliance 

on pesticides coupled with lack of good agricultural practices has necessitated the need to 

shed more light on this developmental phenomenon. According to Nilsson et al. (2013), 

establishing multiple perspectives on the inter-relationship among well-being, profit and 

environment will help in attaining the long-term goal of sustainability. Mok et al., 2014 and 

Goldstein et al., 2016 in their papers also cautioned that food production should not be 

realised at the expense of the environment and that consequences of this practice need to be 

recognised and dealt with. 

2.3.2 Urban agriculture: global context 

In the year 1996, Smit et al. in its UNDP (1996) report made a conservative estimate of 800 

million UA practitioners, with 200 million of this number producing food for the urban 

market, thus providing 15-20 per cent of the world's food supply. Surely, this amount has 

grown considerably since then, as urban agriculture is increasing in cities in developed as 

well as in developing countries (Van Veenhuizen, 2006; Corbould, 2013; Dieleman 2016). 

Today it is practised in almost all parts of the world. In Hanoi, Vietnam, 80 per cent of fresh 

vegetables and 40 per cent of eggs are produced by urban and peri-urban agriculture. In 

Ghana's capital Accra, around 90 per cent of all the fresh vegetables consumed are coming 

from production within the city (Corbould, 2013). To assess the state of urban and peri-urban 

agriculture in Latin America and the Caribbean, the UN Food and Agriculture Organization 
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(FAO) conducted a survey in 2013 in 23 countries in that region, concluding that urban 

agriculture is widespread.    

It is practised, for example, by 40 per cent of households in Cuba, and by 20 per cent of the 

households in Guatemala while in 16 of the 23 countries surveyed; people earned some 

income from this activity (FAO, 2014). In North America, UA initially developed as a 

response to poverty created by economic depression and war. During the economic 

depression of the late 19th century, the mayor of Detroit stimulated the unemployed to use 

vacant lots to grow their vegetables and potatoes. The city invested $3000 in the program 

and realised already in the first year a harvest worth of $12,000. Over several years, 

thousands of families participated in the urban gardening program in both Detroit and 

Buffalo, and the initiative set the stage for urban agriculture in difficult times ever since, 

such as during World Wars I and II (Duran et al., 2005; Dieleman, 2016). During World 

War I, the US Department of Agriculture formed a committee to help plant a million new 

backyard and vacant lot gardens, so-called victory gardens as they were supposed to 

contribute to winning the war (Tucker, 1993; Dieleman 2016). The nineteen-sixties of the 

previous century saw the birth of community gardens that consist of small lots for family 

use on pieces of land that were either public property or privately owned and managed in 

collective ways. Even though UA as a concept, is portrayed as having no adverse effects on 

the environment, but some of its practices relating to pesticide use suggest the opposite. 

Urban agriculture has become the new solution to food security, and hence, it is crucial to 

assess the impacts that could arise from this 'new developmental project'. 

 

2.3.3 Urban Agriculture: Nigeria 

Nigeria, the most populous African country, with a population of 195.9 million people 

(UNFPA, 2018), was once included as one of the six fastest-growing countries in the world 

(World Bank, 2012). It currently has a population growth rate estimated at 2.6 per cent per 
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annum between 2010 and 2018 (UNFPA, 2018). Despite that agriculture is the base of the 

Nigerian economy that provides a means of livelihood for majority of its teeming population 

(FAO1), the increasingly growing population brings about its own attendant problems of 

urban poverty (Baharoglu and Kessides, 2002) and food insecurity because food production 

increases do not commensurate with population growth (FMARD, 2016). 

 

The country has thirty-six states including the federal capital territory Abuja. The country is 

administratively divided into 36 states alongside the Federal Capital Territory, Abuja. The 

states are further divided into 774 local government areas which imply there are only 774 urban 

centres' (since legally; the headquarters of these local government areas are established urban 

centres) in a nation of 186 million people. For Nigeria, the criterion for defining urban centres 

is ambiguous given that towns in rural areas of the country have a population size far higher 

than the threshold of 20,000 people provided for urban centres (Mabogunje, 1990 and Ofem, 

2012).  Nigeria also has five of the 30 largest urban settlements on the continent, including 

Ibadan, and is estimated to have the biggest urban population on the continent.

Nigeria like most developing countries are net food buyers (FAO, 2008) and because of its 

population size and developmental challenges, has always sought to achieve food security by 

creating policies such as operation feed the nation, adopting global programmes aimed at 

reducing poverty and hunger such as sustainable development goals (SDGs), enabling 

agricultural programmes such as FADAMA and exploring new agricultural concepts that 

promote food security such as urban agriculture. Examples of past programmes include Farm 

Settlement Scheme (FSS), National Accelerated Food Production Programme (NAFPP), 

Operation Feed the Nation (OFN) and the, (Iwuchukwu and Igbokwe, 2012) which were aimed 

at increasing food production as well as bringing about economic and national development, 

among other objectives (Agber et al., 2013). Present policies to achieve food security include 
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the Country programming framework for Nigeria and National Fadama Development Project 

as supported by food and agricultural organisation (FAO, 2019) and World Bank. Most of these 

programmes encouraged the use of inputs such as fertilisers and pesticides (Agber et al., 2013). 

 

Among these many concepts, tools and policies, urban agriculture, a fairly new concept, 

which is informally adopted mainly as a strategy for achieving food security (Adedeji and 

Ademiluyi, 2009; Samuel et al. 2012) in a developing country such as Nigeria. With 47.8% of 

Nigeria population living in cities (UNDATA, 2015), 70% of total population (both urban 

and rural) live below the poverty line due to the high rate of urbanisation (Wahab, et al, 2018), 

weakened purchasing power, high incidence of poverty, retrenchments in public and private 

sector and high unemployment rate. Furthermore, a high percentage of income (an average of 

50-80%) is spent on food (NBS, 2006), UA has become a popular option for most urban 

dwellers to produce their food. It is therefore not surprising that most UA practitioners in 

Nigeria prioritise vegetable cultivation and highly perishable crops for consumption and as a 

source of income (FAO, 2010). Urban agriculture in Nigeria is practised either in an open- 

space area, mostly undeveloped lands and Government-owned lands or subsistence gardening 

in backyards of high-value products (Dreschel &Dongus 2009). According to Adelekan et al 

(2014), UA in Ibadan city is practised by people from different socio-demographic groups 

with vegetables, cereal, and root crops as predominant crops. 

 

According to Cohen and Garrett (2010), about 20 million households in West Africa provides 

60–100 per cent of their cities’ fresh vegetables. In Nigeria for instance, the demand for a 

variety of vegetables such as lettuce, cabbage, and carrots, by the expatriate community largely 

based in Lagos and Ibadan, has influenced the practice of UA as a commercial enterprise 

(Cofie, 2009). In Ibadan, two-thirds of urban farmers also over half of their produce within the 

city and its neighbours. This is the same in many African cities such as Dakar and Banjul, where 

60% and 80% of vegetables, are supplied through urban agriculture. Similarly, in Accra, 
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Ghana, urban farmers produce much of Accra’s fresh vegetables for the wealthy population 

(Appeaning-Addo, 2010). Also, vegetables and fruits from urban agriculture are important 

commodities of export in some cities, such as Lome (Cofie, 2009). Most African diasporans in 

developed countries such as the UK have been estimated to spend £1 million daily on fresh 

fruits and vegetables from Africa (MacGregor and Vorley, 2006). 

 

To sustain this huge demand for vegetables, most urban farmers rely heavily on pesticide use 

to protect their crops from pest and diseases. This move has been reported to be an anticipatory 

and precautionary method of protecting their crops and livestock as lots of farmers borrow to 

finance these ventures. As pests and diseases are unwanted development in farmer's quest to 

maximise profits, pesticides are necessary to maintain and sustain production. Intensification 

of farming year in year out to meet the rising demand for farm products is also an invitation to 

pest infestation.

Though UA is not formally recognised by policy makers (Egbuna, 2007), the rise in the number 

of UA practitioners in Nigeria major cities such as Lagos, Kano, Ibadan and Abuja, policy shows 

the appreciation the populace has for it in alleviating poverty and reducing food insecurity. 

Nigerian agriculture has always been rural-based, but because of the downward shift in rural 

population as a result of mass migration to the city, it comes with a downside for the nation's 

agriculture sector through the loss of manpower. Even though the manpower for rural 

agriculture has declined, the report provided by Central Bank of Nigeria (CBN) in 2012 showed 

the country's agricultural sector contributed about 42% tothe GDP and remained the highest 

employer of labour with about 60% of the working population. This shows how significant 

agriculture is in Nigeria, especially with its contribution to the three dimensions of sustainable 

development, namely: economy, society, and environment. 
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2.3.4 Benefits of UA 

Within the context of food security and sustainability, urban agriculture (UA) has long been 

recognised for the role that it plays like an urban survival strategy in cities (Van Veenhuizen, 

2006). Urban Agricultural activities are diverse as it includes the cultivation of vegetables, 

medicinal plants, herbs, spices, mushrooms, fruit trees, ornamental plants, and other productive 

plants, as well as the keeping of livestock for eggs, milk, meat, wool, and other products 

(Lovell, 2010). All these make it benefits far-reaching one which includes a role in 

supplementing the domestic food budget, in helping to ensure food security, and serving as a 

source of income by encouraging livelihood diversification (Altieri et al., 1999; Mougeot, 2000; 

Asomani-Boateng, 2001; Hubbard and Onumah, 2001; Zezza and Tasciotti, 2010; Smart et al., 

2015). 

 
With the adoption of UA, its potential for increasing household income was realised by its 

practitioners, and most of them appreciated UA as an enterprise that could improve their 

finances and hence, reduce poverty. This is evident in the amplified definition by Guendel 

(2002) and Van Veenhuizen (2007) which defined UA as agricultural (including livestock) 

production, and processing and distribution activities within and around cities and towns, with 

the main motivation being personal consumption and income generation, and which competes 

for scarce urban resources of land, water, energy and labour that are in demand for other urban 

activities. This definition is similar to that provided by Hovorka et al. (2009) which is the 

production of foods (such as, vegetables, fruits, meat, eggs, milk, fish and non- food items such 

as fuel, herbs, ornamental plants, tree seedlings, flowers) within the urban area and its periphery; 

for home consumption and the urban market, and related small-scale processing and marketing 

activities. 

 

  

UA contributes to food security and nutrition by providing food for family self- consumption, 
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thus contributing to a healthy diet and allowing for saving on food expenditures. Evidence 

suggests that urban agriculture can make a significant contribution to ensuring food security, 

particularly amongst poor households, as well as providing work in situations where there are 

high rates of unemployment (Smart et al., 2015). It is clear that the main role played by UA is 

enhancing food security. According to van Veenhuizen's (2007) description, UA plays a 

complementary role in rural agriculture, but its practice has continued to expand. This expansion 

could be attributed to continued rural-urban migration (Tacoli et al., 2015) and its adaptability 

and mobility compared with rural agriculture (Ademiluyi and Adedeji, 2009). This is evident 

in the scale at which it is practised in both developing and in the industrialised countries 

(Gbadegesin, 1999; Mlozi, 1997). 

 
Urban agriculture also developed as a means of reducing seasonal gaps in fresh foods for urban 

dwellers (Mougeot, 2000 and Egal, Valstar and Meershoek, 2001). Food availability is 

particularly important for fresh foods such as horticultural plants, fruits, eggs, milk and poultry, 

which can be in the street, markets or local stores. These products are also produced for home 

consumption, for example, green leaves (Salau and Attah 2012). Also, staple foods such as 

maize, cocoyam and sweet potato are produced in many towns for home consumption (Foeken, 

2006). According to Salau and Attah (2012), urban agriculture (UA) is said to have become a 

recent issue, with increasing popularity, most notably in developing economies such as Nigeria 

because it is valued as a viable intervention strategy to combat poverty. According to Jacobi et 

al. (2000), It is described as a response to food crisis and a coping strategy for the poor UA is a 

practice widely used in the past and is still in common use in many urban areas around the globe 

with it making substantial contributions to the food produced in many cities of the world but 

with the rapid growth of urban population and food insecurity, there is a motivation to use 

pesticides to enhance food security. 
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Aside documented evidence that UA is undertaken by farmers for three reasons: cash (mainly 

vegetables and livestock); food subsistence (including savings on food expenditure); and as a 

survival or risk buffering strategy (e.g. Armar-Klemesu & Maxwell, 2000; Nugent, 2001), UA 

can play a role in environmental conservation, since energy can be saved by reducing the 

distance between the points of production and consumption and thereby increase savings on 

storage and transport (Adedeji & Ademiluyi, 2009). This also increases the amount of food 

available and enhances the freshness of perishable foods reaching urban consumers. 

 
Urban agriculture is also reported to contribute directly towards improving the urban 

environment by improving the micro-climate, CO2 balance and biodiversity within cities, by 

preventing erosion and flooding through planting bare lands and steep slopes (disaster 

mitigation) and by using urban (organic) wastes (solid waste and waste water) as a productive 

resource (Adedeji and Ademiluyi, 2009; Dubbeling et al., 2019). In a study conducted by 

Adedeji and Ademiluyi (2009), they opined that UA does require higher technological and 

organisational precision than rural agriculture. Risks are technically manageable and depend 

on cities making better use of prevention and mitigating measures. UA is said to have grown in 

recent years compared to rural agriculture, part of the reason ascribed to this growth in UA is 

its adaptability and mobility compared with rural agriculture (Ademiluyi and Adedeji, 2009). 

 
Furthermore, UA has had a lot of impact on the standard of living and economic life of the 

masses by contributing to poverty reduction (Ntow, 2013). Urban agriculture is used as a 

strategy by many urban dwellers to improve their livelihoods and overall well-being (SLU 

Global Report, 2014). Despite many technological and mechanical improvements in food 

production, hunger and malnutrition remain central issues as poverty continues to be prevalent 

in many cities around the world, a report by FAO in 2012 estimated 40% of urban inhabitants 

live on less than US$1 a day including Nigeria, while simultaneously 70% are living on US$2 
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a day. Similarly, impoverished urban households are estimated to spend 60–80 per cent of 

incomes on food, making them more vulnerable to food price volatility (Baiphethi & Jacobs, 

2009; Cohen & Garrett, 2010; SLU Global Report, 2014). 

Although UA in developed countries is adopted more as a social tool to provide measurable 

improvements to human health and wellbeing (Joye, 2007; Ulrich, 2006) by connecting urban 

residents with natural systems from which they have been separated (McClintock, 2010; Turner, 

2011), the overall selling points for UA in a developing country as Nigeria is the suggestion 

that it can help alleviate poverty (van Veenhuizen & Danso, 2007; Zezza & Tasciotti, 2010), 

increase market resilience to fluctuations and climate change (de Zeeuw et al., 2011) and serve 

as a source of agricultural knowledge (Koohafkan & Altieri, 2010), encourage new agricultural 

technologies (Despommier, 2010). Understanding the potential role UA has to play in 

alleviating poverty and improving the economic profile of small-scale farmers may contribute 

to our understanding of pesticide use, which when combined with poor agricultural practices 

and lack of infrastructure to assess and monitor these chemicals in Nigeria, may impact on the 

delivery of national and continental goals of food security. 

2.4 Pesticides 

With current trends and patterns showing a direct relationship between rising population, high 

rates of poverty and an enduring food crisis, the continued reliant on agro-inputs such as 

pesticides to increase food production and achieve food security amidst a rapidly- growing 

population, are being used in increasing amount (Gill and Garg, 2014). Though pesticides do 

not have a direct contribution to increased agricultural yield (Schreinemachers & Tipraqsa, 

2012), they were encouraged as part of food production programmes geared towards 

intensification of agriculture such as Green revolution (GR) on a global scale and Operation 

Feed the Nation (OFN) in Nigeria on a national scale between the sixties to the turn of the 21st 

century (Conway and Barbier, 1988; Dhaliwal et al., 2010; Oliveira et al., 2014). 

The continued use of these chemical inputs in present-day agricultural practices, however 
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important their contribution to producing food for our growing population is, raise concerns 

about the prospects of agricultural sustainability because of their adverse effects on 

environmental services, human health and possible long-term impact on productivity (Pretty, 

2007; Oliveira et al., 2014). This is because pesticide misuse and overuse, followed by pollution 

has increased (Pimentel, 2009; Zhang, 2019).

The Food and Agriculture Organisation (FAO) and World Health Organisation (WHO) in the 

International code of conduct handbook on pesticide management (2014) defines pesticides as 

‘any substance, or mixture of substances of chemical or biological ingredients intended for 

repelling, destroying or controlling any pest, or regulating plant growth’. Therefore, the 

purpose of pesticides is to destroy certain living organisms, as well as constituting a particular 

group of biocides that can reach a wide lethality. They are poisons which are intentionally 

released into the environment to control these pests. In Agriculture, their release is aimed at the 

destroying population of pests and weeds that affects or may affect agricultural productivity 

(Rother, 2011). Their use, however, comes at a cost to the environment, society and long-term 

economic prosperity. 

 The environmental cost of pesticide use includes the destruction of beneficial natural predators 

and parasites in both natural and agricultural ecosystems (Pimentel, 2005; Aktar et al., 2009). 

For instance, many predators and parasites species which help control plant- feeding arthropod 

populations are adversely affected by pesticides (Ruberson & Roberts, 2005). These natural 

beneficial species make it possible for ecosystems to remain ''green''. According to Hairston et 

al. (1960) and Pimentel (1988), parasites and predators help keep plant-feeding populations at 

low levels, with only a relatively small amount of plant biomass removed each growing season 

by arthropods. Aside its cost to the environment, pesticide poisoning result in long term health 

impacts like cancer, damage to reproductive organs, birth, and neurological defects and many 

others. Infertility, sterility, and stillbirth are some types of most common reproductive harms 
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(Zougmoré et al., 2016). The human studies related to leukemia and lymphoma explain that 

pesticides are used in numerous treatments which as a result, cause some harms to human 

bodies which include brain cancer, and problems regarding breast and ovaries, prostate, and 

testes. 

 
Since the mid-1940s, over 200 basic chemicals have been created for use in killing insects, 

weeds, rodents, and other organisms described in the modern vernacular as 'pests’ (Balaram, 

2003); and they are sold under several thousand different brand names. These agrochemicals 

(pesticides) are intensively used to maintain farm production with the advent of agricultural 

intensification. They have been recovered from most of the major river systems and streams of 

groundwater flowing unseen through the Earth (Veerle, 2008). Residues of these chemicals 

linger in the soil to which they may have been applied a dozen years before (Veerle, 2008). 

 
Pesticides are classified according to their target organisms which include insecticides, 

fungicides, herbicides, rodenticides, and fumigants. Each of these class are further classified 

according to their chemical nature. For instance, insecticides which kills insect pests is further 

classified according to chemical type as Organochlorines, Organophosphates, Carbamate 

Esters, Pyrethroids and Botanical pesticides.  

 

Organochlorine pesticides such as DDT, aldrin and dieldrin, lindane, parathion, now classified 

as persistent organic pollutants, were one of the earlier pesticides used in agriculture but banned 

because of their persistence in the environment and ability to accumulate in fatty tissues and 

increase in concentration and bioaccumulate in the food chain (Gavrilescu, 2005; Wang et al., 

2007). They have been found to contaminate most protein-sourced foods such as milk, animal 

fats, fish and eggs and heightened concerns about their carcinogenic effects in human health 

(WHO, 1999). These pesticides are extremely hazardous and can cause tremors and seizures. 
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They try to accumulate in the tissues and can enter the human body by food over which 

pesticides are used. Residues of organochlorine pesticides are even found in human breast milk. 

 

 The chemical properties of organochlorine pesticides such as low water and high fat solubility, 

stability to photo-oxidation and low vapour pressure are the main elements not only in the 

efficacy of these compounds as pesticides but also in their persistence in the environment. The 

Stockholm Convention established standards for the control and elimination of twelve 

Persistent Organic Pollutants (POPs), famously called the dirty dozen: eight of them are 

pesticides (Aldrin, Chlordane, DDT, Dieldrin, Endrin, Heptachlor, Mirex and Toxaphene). 

Although the use of many types of organochlorine pesticides have been severely limited in 

many countries after the Stockholm Convention was agreed upon, they have been reported to 

be in use in several developing countries despite their residues having an impact on the 

ecosystem (Kim & Smith, 2001). According to Graziosi et al. (2017), some banned 

organochlorine pesticides were reported to have been found to be in use in some parts of 

California, USA. Also, a lot of farmers in developing countries like Nigeria still unofficially 

use these products in substantial amount despite its ban (Osibanjo, 2003). Several studies have 

reported their use by farmers in Nigeria (Nwankoala & Osibanjo, 1999; Osibanjo, 2003; 

Williams et al., 2016; Unyimadu et al., 2019) and in other developing countries such as Ghana 

(Ntow, 2001; Fosu-Mensah et al., 2016; Okoffo et al., 2016), Mexico (Rodriguez et al., 2014) 

and India (Aktar et al., 2009; Awathi & Awathi, 2019) because of their low cost, easy 

availability, their effectiveness as pest and vector control, and coupled with inadequate 

regulation and management on the trade and use of these chemicals (Wahab et al., 2018; 

Awathi & Awathi, 2019). 

 
 Organophosphate pesticides, though less persistent in the environment as compared to 

organochlorine pesticides, they have been reported to be far more toxic to both animals and 
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humans (Aktar et al., 2009). They include Dimethoate, DDVP, Diazinon, Malathion, Parathion, 

Phosphamidon and Methamidophos. These insecticides are classified by the world health 

organization as highly hazardous with Parathion, Parathion methyl, Fenthion, Phosphamidon 

and Methamidophos included in the Rotterdam Convention's Prior Informed Consent (PIC) 

procedure (ECHA, 2012). The Rotterdam Convention on the Prior Informed Consent Procedure 

for Certain Hazardous Chemicals and Pesticides was adopted in 1998 and in similar fashion to 

the Stockholm convention, is intended to help prevent the unwanted import of extremely 

hazardous pesticides and other chemicals to developing countries. These organophosphates 

were developed as byproducts of nerve agents developed during World War II, containing 

neurotoxins that can attack the nervous system. Exposure to these chemicals has been reported 

to cause dizziness, vomiting, seizures, paralysis, loss of mental function, and death.

 
2.4.1 Pesticide use in Nigeria 

Across the African continent, an estimated 50,000 tonnes of obsolete stockpiles of pesticides 

and seriously degraded soils are leaking into the environment, contaminating soil, water, air, 

and food sources. Having accumulated over the past 40 years, these persistent organic pollutants 

(POPs) and other pesticides pose serious threats to the health of both rural and urban 

populations, especially the poorest of the poor, and contribute to land and water degradation. 

Today, Chemicals formulated or produced in Nigeria are those for use in agriculture such as 

fertilizers and agro-chemicals and industrial chemicals like Sulphuric Acid, Alum, Linear Alkyl 

Benzene, Carbon Black etc. 

 

 POPs pesticides were used for pest control until the 1980s/1990s in food crops and export crops 

as well as malaria vector control. POPs pesticides are still available for sale in the informal 

market “under cover’’. The Nigerian Federal Ministry of Health indicated that aldrin, dieldrin, 

chlordane, DDT and endrin are POPs pesticides used for control of arthropods of medical and 

veterinary importance and their use was stopped in 2002. 
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 The Nigerian experience from available research shows that major POPs contamination of air, 

soil and water arises basically from the use of pesticides. Pesticides use in Nigeria includes 

certain chemicals that for environmental reason have been partially or completely banned in 

developed countries. However, such chemicals continue to find their way into Nigeria for pest 

control mainly through illegal traffic. Of the nine POPs pesticides, only seven are known to 

have been used or are in use in Nigeria. Mirex has never been reported to have been used in 

Nigeria. The seven pesticides are Aldrin, Chlordane, DDT, Dieldrin, Endrin, Heptachlor and 

Toxaphene. Aldrin and Dieldrin have widely been used as insecticides in cash crops protection 

such as cocoa, rubber and cotton. Heptachlor, Chlordane and Dieldrin have been used for 

termite control in many parts of Nigeria. However, the current general response by most 

stakeholders is that all POP substances are no longer in use in Nigeria but reports by some 

experts have revealed that Nigerian farmers still prefer some of these banned POPs because of 

their potency and relatively cheaper cost than their non-POPs alternatives. The most commonly 

used pesticide is Lindane (Gamma BHC) on Kola-nuts (cola nitida) for protection against kola-

nut weevils (Balanogastris Kolae). It is also widely used by fishermen to kill fish for 

commercial purposes in Nigeria. Fenthion (an insecticide) is an effective avicide and is used 

mostly in northern part of Nigeria against bird pest. DDT and Gammalin-20 a rodenticide that 

has been outlawed but they are still illegally used in some parts of Nigeria. 

 

The need to rely heavily on pesticides in Nigeria is partly driven by the need to achieve food 

self-sufficiency and sustained livelihoods through commercialisation of agricultural produce to 

consolidate the nation's economy. Once a mainstay of the country's economy before the oil 

boom of the 1950s' (Glick, 2009), Agriculture is making a comeback especially in the face of 

dwindling oil prices which plunged the country into recession in 2015. Nigeria is blessed with 

a huge amount of agricultural land which encompasses about 81.8% of the total land area 
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(91,077,000ha) with an estimated 44.6% (FAO, 2016) of the labour force involved in farming 

(Fig. 2.4 dominated by smallholder farmers with little knowledge on modern farm practices, 

low capital and limited access to infrastructure (Wilson & Tisdell). However, laudable the drive 

for self-sufficiency in food security, the intentional release of deleterious chemicals into the 

environment has a long-term impact on the current success achieved. 

 

 
 

Figure 2.4. Employment in Agricuture 

Data sourced from FAOSTAT, 2016 

 
Chemicals are used for crops and seeds protection and are widely used in both developed and 

developing nations to improve their crop yield and therefore ensure their food security. In 

Nigeria, there are currently about 124 registered crop protection chemicals officially 

sanctioned by NAFDAC and its Directorate of Registration responsible for the registration of 

all chemicals regulated by law. Nigeria’s consumption of fertilizer per hectare is the lowest in 

the world at about 10kg/hectare/annum which is less than 5 percent of the best practice rate of 

210kg. Therefore, due to the low-level of chemical use in agriculture in Nigeria, it may be 

possible that stockpiles of obsolete pesticides may not be significant. The FAO in 2002 

estimated that Nigeria had only about 22 tonnes of obsolete stock of 40 assorted pesticides in 
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55 different sites. The FAO source also revealed that pesticides accounted for most POPs 

contaminations in Nigeria.

 Agrochemicals are not manufactured in Nigeria but imported mostly from developed countries 

such as France, the United Kingdom and Japan (PAN, 2007). This is because formulation plants 

for pesticides, owned by multinational companies, which existed in Lagos, Kaduna and Port 

Harcourt, were shut down in the late 1980s and early 1990s when the Federal Environmental 

Protection Agency Regulations in 1990 banned the importation and production of persistent 

organic pollutants pesticides in response to international concern about POPs and their effects 

(PAN, 2007). Today, over 95% of all pesticides are imported as finished pre-packed products 

imported mostly from developed countries like France, United Kingdom, Japan, and China 

among others. These include pesticides, industrial chemicals, fertilizers, and consumer 

chemical products. 

 

 Pesticide use in Nigeria includes certain chemicals that for environmental reason have been 

partially or completely banned in developed countries because of its soil degrading attributes 

(PAN-2007), despite developed countries banning many of the older pesticides due to potential 

toxic effects to man and/or their impacts on ecosystems, in favour of more modern pesticide 

formulations cheap compounds, such as DDT, HCH and lindane, that are environmentally 

persistent still remain popular in developing countries (Carvahllo 2006) and continue to find 

their way into Nigeria for pest control mainly through illegal traffic (PAN, 2007). In developing 

countries, some of the older pesticides remain the cheapest to produce and, for some purposes, 

remain highly effective as, for example, the use of DDT for malaria control. Developing 

countries maintain that they cannot afford, for reasons of cost and/or efficacy, to ban certain 

older pesticides. The dilemma of cost/efficacy versus ecological impacts, including long range 

impacts via atmospheric transport, and access to modern pesticide formulations at low cost 

remains a contentious global issue.
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2.4.2 Pesticide use in urban agriculture 

With pesticides contributing significantly to the provision of food by reducing pre and post- 

harvest losses to pests and diseases, which could be up to 36-40% loss of agricultural yield 

(Edwards, Thurston & Janke, 1993; Oliveira et al., 2014), the rate at which these crop protection 

inputs are being used has increased in 20-fold globally (Popp, Neto and Nagy, 2013). These 

increase in use, with their following impact, has the potential to compromise the ability of future 

generations in meeting their own needs. Though agriculture supported with pesticide use has 

been adopted in agriculture intensification practices (Schreinemachers & Tipraqsa, 2012) and 

credited with alleviating food security crisis (Popp et al., 2013), it is still recognised as the 

highest contributor to environmental degradation (Fenner, 2013; Olaonipekun et al., 2019) 

because of its use of pollutants that poses significant negative impacts on biodiversity, 

environment , food quality, human health and economic growth (Aktar et al., 2009 Geiger et 

al., 2010; Popp et al., 2012; Mahmood et al., 2016) ; a potential compromise of the ability of 

future generations to meet their own needs. 

  

It is no doubt that pests are a bane to food security and pest infestation, and the same way in 

which it affects rural agricultural productivity, so does it affect UA. With these massive attacks 

threatening productivity, pesticides have been increasingly used to reduce pest infestation. 

These chemical compounds are so used in UA to ensure productivity, an end to which it is 

promoted. The benefits of pesticides are unarguably attractive, but the impact of its use through 

a history of misuse cannot be ignored. In managing pests and diseases problem, most farmers, 

especially those in primary production such as crop and livestock farmers, rely on farm inputs 

such as pesticides (Popp et al., 2012). Pest infestations of farm crops and animals significantly 

reduce agricultural productivity when not carefully managed. 

 

 Despite lack of data on agricultural loss to pests in Nigeria, annual losses of cassava to cassava 
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mosaic disease (CMD) in Africa is estimated at over US$ 1 Billion (Manyong et al., 2012) 

while Cedra et al. (2017) estimated high primary yield losses of 26% and higher secondary 

yield losses of 38% to pests and diseases in coffee. Also, in Nigeria, 30-35% of cocoa yield is 

lost to the cocoa pod disease (Adejumo, 2005) while fruits and vegetable loss to pest and disease 

has been reported to be a challenge (Ibeawuchi et al., 2015). In Nigeria, insect pests and plant 

diseases are major yield-reducing factors, threatening food security and farmers' incomes 

(Ndubuaku and Asogwa, 2006). Despite studies in the 90s' showing Nigerian farmers' 

awareness of the availability of several methods of pest control, including chemical, biological, 

and traditional cultural control methods (Alghali, 1991; Bottenberg, 1995), millennial farmers 

manage pests by relying primarily on chemical insecticides (Banjo et al., 2003). 

 

 In the case of African agriculture, the pest management challenge is impaired by the 

predominance of smallholder farmers who are characterised by low agricultural productivity 

due to constraints such as little knowledge on modern farm practices, low capital and limited 

access to infrastructure (Zhang et al., 2018). 

2.4.3 Pesticide impacts 

According to Pimentel (2007) and Carvalho (2017), pesticides in the environment are extremely 

dangerous to several organisms. Like pest populations, beneficial natural enemies and 

biodiversity (predators and parasites) are adversely affected by pesticides (Pimentel et al., 

1993a). For example, the following pests have reached outbreak levels in cotton and apple crops 

after the natural enemies were destroyed by pesticides: cotton ¼ cotton bollworm, tobacco 

budworm, cotton aphid, spider mites, and cotton loopers; apples 

¼ European red mite, red-banded leaf roller, San Jose scale, oyster shell scale, rosy apple aphid, 

wooly apple aphid, white apple aphid, two-spotted spider mite, and apple rust mite. Major pest 

outbreaks have also occurred in other crops. Also, because parasitic and predaceous insects 

often have complex searching and attack behaviors, sub-lethal insecticide dosages may alter 
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this behavior and in this way disrupt effective biological controls. 

 
These chemicals can hurt insects, spiders and non-targeted organisms like pigeons and rodents 

that pick the pesticides accidentally and as a result, they die. For instance, the herbicide 

oxadiazon, is toxic to bees which are pollinators (Hladik et al., 2018) and also destroy the food 

and shelter of different species (Thompson, 2014). Also, the presence of pesticides is a risk in 

drinking water (Adeyemo et al., 2017). Water can be toxic under the surface, and its use can 

cause several problems (Bevans 1998). Pesticide-contaminated water can pose problems in 

irrigation and agriculture. Although, in most of the countries surface water is regularly checked 

for pesticides. 

Pesticides are the chemicals used in agriculture, they can contaminate in the soil, above the 

ground, and under the ground surface. They can also leave residues in lakes, streams, and 

 rivers. Different types of pesticides are used to increase the cultivation and to kill the different 

types of pests (Egendorf et al., 2018). In urban agriculture, pesticides are used to a greater 

extent. On the other hand, pesticides specifically insecticides are the more toxic category of 

pesticides that also harm non-targeted organisms. Pesticides can contaminate into the surface 

water, and it is widespread all over the world. It is revealed by several geological surveys that, 

a heavy amount of pesticides, is present at the major river sinks. 

 
 Due to the use of insecticides, aquatic life is also endangered. Insecticides can contaminate in 

water for a long time that is harmful to life in water. The herbicides 2, 4-D, diuron, and 

prometon, and the insecticides chlorpyrifos and diazinon are the most common types of 

pesticides that are detected often across the world (Wahab et al., 2018). These pesticides are 

more often used in urban agriculture and homeowners. According to Bevans (1998) it is 

predicted that Trifluralin and 2, 4-D is present almost in all the 19 samples out of 20 taken from 

the river’s basins. The National Academy of Sciences for the protection of aquatic life has 
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declared that an exceeding concentration of these insecticides like diazinon, and the weed-killers 

dichlobenil, diuron, triclopyr, and glyphosate are found most commonly in urban streams due 

to which, the life of water will be no more one day (Ajayeoba et al., 2016). Pollution is found 

in groundwater because of pesticides as a worldwide problem. According to the US geological 

survey, about 22 transformations have been observed in groundwater. These transformations 

are because of different types of pesticides belonging to the major category of chemicals 

(Chepchirchir et al., 2017). Once pesticides enter the groundwater, it can persist for a long time 

and cleaning when possible, involves a complex and costly process (Ben-Iwo et al., 2017). 

 

Pesticides and their transformation are divided into two classes (Atungwu et al., 2018). The first 

class includes bioaccumulable, Hydrophobic and persistent pesticides that can strongly stick to 

the soil. Transformation products of organochlorine DDT, endosulfan, endrin, heptachlor, and 

lindane are some forms of pesticides that are included in first class (Wossen et al., 2018). The 

second class contains; polar pesticides like herbicides including carbamates, fungicides, 

insecticides, and their transformation products. They can cause difficulty for the supply of 

drinking water by moving from the soil, running and leaching (Graziosi et al., 2017). Different 

pesticides can remain in the soil for a different time period depending upon the nature of soil and 

class of pesticide. 

 
Pesticides can also affect the fertility of the soil. Extra use of pesticides can increase the crop 

but it kills the necessary microorganisms. A great soil scientist Dr, Elaine Ingham said, if we 

kill both fungus and bacteria then the quality of soil also degrades. Moreover, the overuse of 

pesticides is as similar to the overuse of antibiotics to human. Consequently, it can be added that 

the use of pesticides can work for a few days or years but kills the necessary organisms that can 

hold the nutrients. For instance, the plant requires some microorganisms to convert nitrogen 

into nitrates, which is a necessary process for a plant to breathe. On the other hand, some 
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pesticides which contain Glyphosate and 2, 4-D reduces the nitrogen level and affects the activity 

and growth of the plant. Nutrient uptake process is supported by Mycorrhiza fungi which grows 

with the roots of many plants (Egendorf et al., 2018). Contaminated pesticides in the soil can 

damage these fungi also. 

 

 Contamination of pesticides in air, soil, and water effects the not targeted organisms and 

vegetation. While spraying pesticides, some non-targeted vegetation also suffers. Even though 

by using the ground equipment, some of the pesticide drift also occurs. According to Bevans 

(1998) about 2 to 25 percent of the chemicals, can spread into the environment, few, or several 

miles away from the target (Abtew et al., 2016). Due to the volatile nature of the pesticide, 80 

to 90 percent of the applied pesticide volatilised after few days of application. Besides the fact, 

that still limited research is done over this topic, but studies reveal that pesticides residues in 

the atmosphere. It is also added by the US geological survey, that pesticides were detected in 

every sampled area of the USA (Ifeanyichukwu et al., 2018). Moreover, the presence of 

pesticides was also detected in the samples of rain, fog, smog or snow all over the globe. The 

concentration is at a higher level in the urban areas of Nigeria. 

 
 According to Bevans (1998) urban landscapes all around the globe which contain some 

contaminated pesticides. Numerous organisms like insects, plants, animals, fish, birds, and 

other wildlife are affected by the use of pesticides (Darkoh & Rwomire, 2018). It is revealed by 

studies, that Chlorpyrifos is a common contaminated pesticide noted in the stream of urban 

areas that are very harmful to the fishes. Due to this highly toxic chemical, dead fishes are 

found near the treated fields and buildings. However, herbicides are used over the herbs and 

plants, but the chemicals used are very toxic to fish also. A necessary ingredient of weed-killer 

like Trifluralin, is a killing agent for both cold and warm water fish. Herbicides also cause 

physical deformities in fish. 
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 According to Bevans (1998) several cases behind the death of dolphins have been recorded 

because of pesticides. Dolphins residing in rivers are seriously the world's most endangered 

species. Due to the use of pesticides and different chemicals poured into the streams and rivers 

is dangerous for the health of fishes (Goyol et al., 2017). The population of the rivers is facing 

a threat regarding extinction. This is a fact, which increased urban agriculture is making many 

species extinct. In addition to dolphins, fish and other marine life are endangered because of 

the over the use of pesticides and its contamination in water. 

 

Chemicals like DDT (1, 1, 1-trichloro-2, 2-bis [p-chlorophenyl] ethane), PCBs and many other 

toxic contaminants are putting their adverse effects over the reproductive and immunological 

processes of the aquatic mammals (Zougmoré et al., 2016). Fishes of the fresh water are 

reported as sensitive to pesticides contamination, especially in the areas of urban agriculture. 

Plants within the water are also endangered because of pesticides contamination. Some 

herbicides are also designed to kill plants in the water, but the chemicals within those pesticides 

can affect aquatic life also. Some pesticides are used to kill algae in the water, although it is 

part of the food chain in an aquatic system (Adekunle et al., 2017). 

 

 
2.5 Conceptualisation of research issues 

UA's potential to contribute to long-term sustainability goals as discussed in section 2.3.2 may 

be hindered if limiting factors such as pesticide misuse is not holistically addressed within the 

perspective of SD. According to Hsin (1996) and Ferreira et al. (2018), UA practised within the 

principles of sustainable development promotes urban self-reliance, builds the local economy 

and reduce many environmentally harmful practices of modern agriculture such as pesticide 

use. The notion that pesticide use does not only have long- term consequences for the 

environment but the society and economy forms a conceptual basis for this research. It is 
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imperative for this research to take the bottom-up approach in assessing pesticide presence and 

explore the influence of farmers' characteristics on decisions that drive pesticide use and 

ultimately shape the role of sustainable urban agriculture. To understand this idea, it is 

important to conceptualise sustainability, urban agriculture, farmers' characteristics, and 

pesticide use. 

 

 This section provides an understanding of the inter-relationships and inter-dependence of UA 

and sustainability issues from pesticide use. Though pesticides are used both in rural and urban 

agriculture, the shift of human population from rural areas to urban areas raised concerns on 

their environmental impact within the urban ecosystem, especially with rising urban poverty 

and food insecurity. The main focus of this study is pesticide use in UA because of the 

heterogeneous nature of social-economic factors that contribute to an urban area (Fall and de 

Zeeuw, 2001). For instance, urban agriculture practitioners in low-income households in Harare 

are under pressure to generate income and therefore have to maximise both time and resources 

(Kutiwa, Boon and Devuyst, 2010) because "urban households typically need higher cash 

incomes to avoid poverty than most rural households" (David Satterthwaite 2005). In some 

cities of Kwara state Nigeria, Adebisi and Tunde (2012) reported the female farmers in their 

studies were involved in UA initially to secure food because of the rising food costs 

experienced in the country, but now mainly engaged as a source of livelihood. This sort of 

pressure to increase income and avoid poverty further drive farmers' pesticide use. 

 Furthermore, UA's potential contribution to the principle of sustainability is a dynamic concept 

that keeps evolving due to the interactions of factors amidst changing urban land use. This 

dynamic characteristic is encompassed in the different scale and magnitude of urban agriculture 

practice. 

 Achieving food security is of utmost interest to the leaders and the inhabitants of this world, most 

especially with the unprecedented rising population we experience in this modern world. Urban 
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Agriculture is surely seen as a rescue tool to augment other traditional tools to attain this social 

goal. Aside this, improved livelihoods, enabled by urban agriculture, provides a much-needed 

income to small households which are translated into economic prosperity, meeting the 

sustainable development goals of ending poverty. It has also helped with the gender 

empowerment agenda such that marginalised female gender are encouraged to participate in UA 

as an enabling tool for women. Summarily, urban agriculture supports food security, create 

business opportunities for farmers, empower gender emancipation and foster community 

building. 

 

However, increased pesticide use in urban agriculture is rampant because of its short-term 

efficacy in controlling pests, which are undeniably an impediment to agricultural productivity, 

and by extension, food security. For instance, Sharifzadeh et al. (2018) reported that 

experienced farmers favour pesticide use because of its performance and effectiveness. The use 

of these pesticides, despite providing an avenue for us to meet our immediate needs, comes with 

undesirable impacts on long term sustainable development. The steady rise in its use has been 

attributed to a lack of knowledge concerning alternatives to chemical pesticides (Oesterlund et 

al., 2014). From the land, soils, water, and air to micro-organisms, plants, animals and human 

beings, the subsequent challenges that arise from pesticide use perhaps negates its perceived 

benefits. 

 With the realization that resources are finite and the possible endangerment for future lives, 

world leaders and policy makers came up with the term sustainable development as a process 

to achieve sustainability which is to secure the totality of the environment in perpetuity for 

generations yet unborn. A sustained development will cater to the needs of the society, 

economy, and environment within a balanced system, even though trade-offs may exist in some 

instances. Economy, society, and environment are the main dimensions of sustainable 
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development, and it is very important that holistic frameworks are designed and used to evaluate 

trade-offs and synergies between pesticide use in agriculture and their wider impacts on these 

dimensions. It is therefore within this concept of sustainability that this research was 

conceptualised by looking at how pesticides which are intentionally released into the 

environment, impacts on these dimensions of sustainable development environment, to provide 

an understanding of the factors that influence the pesticide use, knowledge, behaviour, and 

decisions of urban farmers, and subsequently inform policy makers and stakeholders on 

mitigating measures. 

2.5.1. Urban agriculture and sustainable development 

The task to produce food in an environmentally and socially sustainable way while ensuring 

economic prosperity has been a bane to truly attaining sustainable development in the area of 

agriculture. This element of agriculture, i.e., UA had been existing for centuries (Smit and Nasr, 

1992) but only validated as a tool for achieving food security in the 90s' (Adelekan, Olajide-

Taiwo, Ayorinde, Ajayi and Babajide, 2014). Despite this positive step in developing great 

urban cultivation schemes to achieve the goal of increasing opportunities for employments and 

livelihood strategies, the application of chemicals; most especially pesticides in the urban 

production process can result in environmental impacts. This is significant where cultivation is 

intensive near populations that solely rely on waterbodies for their ecosystems service's needs. 

 Urban agriculture (UA) has been described by some groups of researchers and reports (Binns 

& Lynch, 1998, FAO, 1999 and Guendel, 2002 as an interesting concept of sustainable 

development (since it is believed to address sustainability issues viz food security, self-reliance, 

and local economy while reducing many environmentally harmful practices from modern 

agriculture practices (Hsin, 1996). For instance, in Uganda, the increase in food prices has made 

it difficult for many low-income earners in Kampala to meet their daily food requirements, and 

therefore urban (peri) agriculture contributes to the general food supply of the city (Sabiiti & 

Katongole, 2014). Aside this, Sabiiti & Katongole (2014) reported that UA had become an 
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important economic activity in the city. This, however, comes at a cost: increase in use of 

agrochemicals such as pesticides, insecticides, herbicides to protect the agricultural produce. 

This is not without its consequential effect, especially on the environment and man. Effects 

such a food poisoning from agrochemical use that has been absorbed into the human food chain 

has been well documented (Ekeleme et al., 2008), likewise land degradation and water pollution 

(Balaram, 2003). 

 

 
2.5.2 Pesticide use in urban agriculture and the dimensions of sustainable development  

The potential of urban agriculture to contribute to sustainable development cuts across social, 

economic and environmental services by enhancing food security for the ever- increasing urban 

population (Altieri et al., 1999; Asomani-Boateng, 2001; Hubbard and Onumah, 2001; 

Mougeot, 2006; de Bon et al., 2009; Pearson et al., 2010); contributing to human nutrition and 

subsequently reducing the risk of multiple chronic diseases (Boeing et al., 2012); improving 

livelihoods through income generation in developing countries amongst poor urban households 

(Bryld, 2003; Thornton, 2008; Zezza and Tasciotti, 2010); providing an opportunity for 

integrating multiple functions for land use in urban areas (Deelstra and Girardet, 2000; Lovell, 

2010); reducing pressure on rural agriculture and decompensating land loss by using vacant 

spaces in cities (Eigenbrod and Gruda, 2014). Other UA contributions include consumption of 

nutrient-rich "waste" water and bio- solids/organic matter (Armstrong, 2009; de Zeeuw et al., 

2011), and fixation of atmospheric nitrogen and carbon (Herridge et al., 2008; Beniston & Lal, 

2012); moderating air temperature through increase in urban vegetation shading which helps in 

solar radiation absorption via evapotranspiration (Susca et al., 2011; Qiu et al., 2013); 

regulation of local microclimate and hydrology (Oberndorfer et al., 2007); improving the 

quality of cities (Frumkin, 2003; Turner et al., 2004); creation of habitat for pollinators and 

other wildlife (Goddard et al., 2010). 

 However, UA may introduce disease and agricultural pollutants to the urban ecosystem (Smit 



 

59  

et al., 2001) especially with the increased reliance on pesticides, create conflicts over land use 

(Schmelzkopf, 1995), and add complicated, maintenance intensive systems to the urban 

infrastructure. The introduction of agricultural pollutants, especially from pesticides, could lead 

to an increase in food contamination (Meharg, 2016), particularly fruits and vegetables, which 

are in high demand from urban farmers. Pesticide use in agriculture and by extension, urban 

agriculture, is relied on to control pests and diseases to reduce the agricultural industry's losses 

to pests and diseases. These losses are reported to account for reduced productivity and threaten 

food security, especially in developing countries (Zakari et al., 2014). 

 

 

 

 
Figure 2.5: An illustration of UA potential with and without pesticides 

 

In a world where population increases are synonymous with poverty and food shortage, food 

security has become a major element of development, therefore a goal for world leaders 
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entrusted with the task of feeding the rising human population. 

The balance between benefit and harm from pesticide use is complicated because it has been 

argued that the use of pesticides, broadly, has increased the quality and quantity of fruits and 

vegetables (Oerke, 2006) and consequently has improved public health, in spite of the potential 

adverse health effects (Bonner & Alavanja, 2017). Notwithstanding, the long-term damage to 

the environment from pesticide use could no longer be ignored as the state of the environment 

was brought to the forefront of developmental goals in the report 'our common future' (WCED, 

1987) wherein it was argued that environmental health is a prerequisite for social and economic 

success due to the strong relationship between man's socio-economic activities with the 

environment (Sanchez-Medina et al., 2014). 

 Even though pesticides are intentionally introduced into the environment to control pests, a 

healthy environment plays a significant role in the success of both social and economic 

dimensions of sustainability. As explained by Sanchez-Medina et al. (2014), the environment 

is responsible for supplying natural inputs upon which socio-economic success relies on; 

provides recreational services which is beneficial to the society; and also acts as a receptor of 

the wastes and residues such as pesticides which are generated in the production and 

consumption of goods for economic growth. The damage to the environment from pesticide 

use, amongst many other causes is prioritised in the global development goals in the report 'our 

common future' (WCED, 1987) wherein it was argued that environmental health is a prerequisite 

for social and economic success if sustainable development is to be realised. This 

acknowledgement is due to the strong relationship between man's socio-economic activities 

with the environment (Sanchez-Medina et al., 2014). Subsequently, this study is designed on 

the premise that urban agriculture can contribute to sustainable development if pesticide use 

as one of the limitations to urban agriculture is minimised by seeking to understand both the 

socio-economic dimensions of pesticide use and simultaneously assessing its presence in the 
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environment. 

 

2.6 Conclusion 

The conceptual framework considers pesticide use in urban agriculture practice, with a focus 

on farmers within the principles of sustainability. This approach is grounded in recognition of 

the potentials of urban agriculture to contribute to sustainable development and that an 

understanding of drivers for pesticide use can play a critical role in an enduring urban 

agriculture practice that promotes sustainability via food security, improved livelihoods, and 

environmental protection. The main concepts behind this research are urban agriculture and 

sustainability. These two concepts amongst other key-terms have been defined in this chapter, 

alongside food security challenges. This chapter has limited the scope of study to the research 

objectives and is used in chapter four to define the research framework for the methodological 

approach adopted in this study. The next chapter is a discussion of the literature on studies on 

subject of concern, especially on pesticide misuse, contamination, impacts and methods of 

assessing this in the environment. 
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Chapter Three 

Literature Review 

3.1 Introduction 

Literature review is an important element of the research process as it provides a framework 

for relating new findings to previous findings in the discussion section of a dissertation 

(Randolph, 2009). It is described as a process that culminates in the summary and synthesis of 

previously recorded arguments and ideas on the topic of interest through identification and 

selection of sources that discuss the concept, and therefore a reference point for the current 

study (Micheli et al., 2018). This chapter therefore contributes to the overall thesis by 

reviewing the current state of knowledge from previous studies and frames the gaps this study 

attempts to fill. 

The objectives of this study are: to develop a research framework for an integration of 

environmental, economic and social perspectives on the use and impacts of pesticides in this 

exploratory study; to identify suitable methods to quantify residual pesticides in soil and 

sediments; to create a historical and current profile of pesticide use in Ibadan city from 

methods; to evaluate the extent of pesticide use by UA farmers in Ibadan and explore farmers’ 

knowledge concerning good practice, farmer awareness of the environmental impacts of poor 

practice, and farmer motivations with respect to the socio-economic drivers that determine 

pesticide use. 

In Chapter two, the environmental, social, and economic implications of pesticides were 

highlighted as part of the underlying issues in this study. One of the recurring themes identified 

in the scope and conceptualisation of research is pesticide misuse, which has been cited as one 

of the challenges of UA, especially in Ibadan (RUAF, 2007). Also, significance of the 

persistent presence of these pesticides in the environment as it affects their primary target and 

indirectly affects non-targets such as animals, aquatic organisms, air and human was identified. 
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Therefore, one of the sections in this chapter will review current studies on factors that 

influence the misuse of these products, especially with farmers as primary consumers. This will 

further include review of studies on farmers’ behaviours, attitudes and knowledge that 

influence their pesticide use and misuse. Other sections will review their movement in the 

environment, their presence as contaminants and methods of assessing them. 

3.2 Misuse of pesticides by Farmers 

Pesticide misuse was cited as one of the challenges of UA in Ibadan in a study on urban and 

peri-urban agriculture (RUAF, 2007). Although there appears to be no definite academic 

definition for pesticide misuse in literature, it can safely be defined according to the Oxford 

dictionary as the wrong or improper use of pesticides. The term ‘misuse’ has been used to 

describe farmers’ poor agricultural pesticide practice in several studies on pesticide use, 

handling and its’ impacts e.g., Palikhe, 2002; Ajayi & Akinnifesi, 2007; Rother & Hall, 2008; 

Asogwa & Dongo, 2009; Hou et al., 2010; Naidoo et al., 2010; Oesterlund et al., 2014; 

Mengistie et al., 2017 and Jallow et al., 2017. It is noticeable that most of these studies are in 

developing countries, especially the countries in Africa, where Agricultural practice is 

characterised by lack of knowledge and awareness of impacts of poor practice (Wilson & 

Tisdell, 2000). 

Asogwa & Dongo (2009), in their studies on pesticide use in Cocoa production in Nigeria, 

described pesticide misuse in Nigeria as overdosage of pesticides to effect quick action and 

their use for purposes other than which they are manufactured for. Asogwa & Dongo (2009) 

attributed this problem of over-dosage to poor extension services, lack of proper calibration 

equipment, lack of safety measures and poor Government intervention. Some results, reported 

by Ugwu et al. (2015) from their studies into pesticide-handling practices among smallholder 

Vegetable farmers in Oyo state, Nigeria reported that 97% of their sample population use 

pesticides. This result was consistent with Asogwa &Dongo’s (2009) summation on pesticide 
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misuse in the country as a result of accessibility and increased use. For instance, 58.7% of 

Ugwu et al.’s sample population had no information or training on pesticide handling and 

safety measures. 

Similar to Asogwa & Dongo (2008) in Nigeria, Palikhe (2002) identified the case of 

overdosage of pesticides in Nepal as misuse. Palikhe noted that farmers tend to overuse 

pesticides regularly, which leads to overdosage to achieve a same level of control when pests 

become resistant to the chemicals. Palikhe (2002) also identified the lack of knowledge on the 

side of the farmers at realizing the extent to which these chemicals are poisonous and hazardous 

to humans and environment when misused. Palikhe (2002) also noted that over 60% of farmers 

with over five years farming experience wait less than two weeks after spraying pesticides 

before harvesting the crop. He also listed aggressive marketing strategies, use of highly toxic 

pesticides, pattern of use (no knowledge of active ingredients, mixture of pesticides and 

outdated products). 

 

Oesterlund et al. (2004) in their cross-sectional study on ‘pesticide knowledge, practice and 

attitude and how it affects the health of small-scale farmers in Uganda’ reported that farmers 

had poor knowledge about pesticide toxicity, and the majority did not use appropriate personal 

protective equipment (PPE) when handling pesticides. They reported no significant association 

between the number of times of spraying with pesticides and self- reported symptoms of 

pesticide poisoning. The only significant association was between blowing and sucking the 

nozzle of the knapsack sprayer and self-reported symptoms of pesticide intoxication. In this 

study, twenty-eight small-scale farmers did not know the name of the pesticide they used which 

could be highly hazardous chemicals. 

 

Waandaat et al. (2015) reported misuse of pesticides among vegetable farmers in Tano South 
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of Ghana. They described the high intensity of up to four times a week as misuse because 

farmers use these chemicals whenever they sight pest on their vegetable crops. This type of 

misuse was also reported by Abang et al (2013) in Cameroon where 83% of vegetable farmers 

did not use timeliness of operations, choice of growing season, and planting date as pest 

management strategies but rather use as many times as they want. Abang et al (2013) the 

absence of farmer training as a determinant for increase in vegetable production as most of the 

farmers were not aware of other less hazardous pest control methods. 

Farmers’ storage and disposal practices also contribute to pesticide misuse as Mengistie et al 

(2017) reported farmers in Ethiopia as using unsafe storage and disposal methods by ignoring 

the risks and safety instructions that accompany the labelling. This practice is common in other 

developing countries (Ngowi et al., 2001 and Murphy et al., 2002), including Nigeria where 

farmers in Oluwole and Cheke (2009) stored chemical pesticides in their homes and bedrooms, 

in close proximity to food and humans. This  poses a hazard to children and increases the 

chance of pesticide poisoning through ingestion or inhalation Storing (Tijani, 2006). This 

danger may be determined by the pesticide’s chemical makeup and formulation, its path into 

body, the amount that enters the body and the length of exposure. These stored pesticides may 

even expire or become outdated and no longer suitable for use. However, 80% of Oluwole and 

Cheke study participants reported that they mix expired pesticides with new ones and continued 

to use them. Their reason for such practice is attributed to the high cost of the new pesticide 

formulations which are less toxic in comparison to the obsolete and banned products. Poor 

disposal of pesticide residue, packaging and containers on farms, waterways, landfill, and their 

reuse as storage for food or water is also an act of misuse. Damalas et al. (2007) reported that 

30% of farmers in their study sample dump and empty containers in the field or into waterways. 

 

Pesticide misuse is also practiced by farmers when they ignore labelling instructions by 
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concocting a cocktail of different kinds of pesticides before applying the mixture on the 

intended targets (Ngowi et al., 2007). Oluwole and Cheke (2007) reported that almost all 

farmers interviewed in their study mixed two or more pesticides before application as they 

believe that such practice increased the efficacy of the pesticide solution and therefore, 

increases the success rate of controlling the target pest. They also believed that mixing different 

pesticides saved time because they could apply more than one pesticide in a single spraying 

operation (Jallow et al., 2017). Mixing of pesticides cause interactions that may increase the 

health and environmental risk of pesticides (Sharafi et al., 2018). Other pesticide misuse 

includes the use of faulty equipment, lack of proper equipment operation and maintenance, and 

lack of the use of protective gear such as gloves and appropriate clothing such as Personal 

protective equipment (PPE) during the mixing and application of pesticides (Ibityayo, 2006). 

 

 

This misuse, in however form it occurs, often leads to contamination of ground and surface 

water, pollution of soil and air, and cause an imbalance between insect parasites and predators 

which leads to pesticide resistance. Pesticides as contaminants are discussed in later sections 

of this chapter, however, studies such as Damalas et al. (2007), Oluwole and Cheke (2009), 

Oesterlund et al. (2004); Palikhe (2002) among several others have identified the need for 

improved efforts at training farmers for proper use of pesticides. This implies how important 

farmers’ knowledge is to the safe use of pesticides. 

3.2.1. Awareness, knowledge, and behaviour 

An understanding of farmers’ knowledge and learning processes is essential in the drive for 

sustainable agricultural practices. This study seeks to explore farmers’ knowledge of pesticides 

and how it influences their behaviour because their level of knowledge can influence individual 

behaviour such that the higher the level of knowledge, the more likely the individual is expected 

to adopt and practice safe behaviours (Rezaei et al., 2017). A strong awareness and knowledge 
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of pesticide will encourage good agricultural behaviour or practice and therefore reduce 

misuse, which is the mostly responsible for pesticide mishaps. 

 

Knowledge, as defined by Davenport & Prusak, 2000 in Liew, 2007, is a mixture of organized 

experiences, values, information and insights offering a framework to evaluate new 

experiences and information. However, as described by do Paço & Raposo (2009), there 

appears to be a mismatch between the levels of knowledge, experience and education on the 

one hand and expected safe behaviours on the other. This according to Moore (2008) means 

that a high level of knowledge does not necessarily commensurate with decrease in pesticide 

use or an improvement in the safe use and handling of pesticides. 

 

Farmers’ awareness and knowledge of pesticide risks are reported to be crucial towards 

improving safety (Damalas, Spyridon and Koutroubas, 2018). This awareness and knowledge 

of pesticides has been linked to educational status in literature. For example, in Öztaş et al. 

(2018) study into ‘knowledge level, attitude, and behaviours of farmers in Cukurova region of 

Turkey regarding the use of pesticides’, farmers’ awareness of 

pesticides were found to be related to their educational status as educated farmers can read 

publications and access information through the Internet. Other studies reinforce this position 

in similar contexts (Atreya, 2007 and Rios-Gonzalez et al., 2013). In Öztaş et al. (2018), 

farmers’ awareness of pesticides was found to be related to their educational status as educated 

farmers can read publications and access information through the Internet. They also identified 

age as an important socioeconomic factor that influence farmers’ awareness on list of approved 

and banned products. This is similar to Mubushar et al., (2019) findings in a study on 

‘assessment of farmers’ knowledge on pesticides and trainings on pesticide waste management 

in central Punjab – Pakistan’ in which 69% of farmers rely on neighbours in. Yilmaz (2015) 
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also reported a significant amount of information on pesticide use is received from pesticide 

dealers during their analysis of environmental awareness of farmers’ decisions and attitudes in 

pesticide use in Turkey. 

3.2.2 Motivations for pesticide use 

Despite the problems associated with pesticide use in Agriculture, farmers have been reported 

to continually rely on these chemicals. Wilson and Tisdell (2001) explained farmers’ reliance 

using the neoclassical theory. The theory suggests consumers' preferences are dependent on 

the benefits they enjoy from the current consumption of a product (Angner & Loewenstein, 

2012). Wilson and Tisdell suggested farmers will continue to use pesticides if they enjoy 

benefits from its use. This agrees with Robinson et al. (2007). In their study on pesticide use 

motivations among Bangladesh farmers’, Robinson et al. (2007) noted that pesticide use by the 

farmers was informed by their perceptions that pesticides provide more benefits and easy to 

purchase. Even though the Bangladesh farmers had received training on other pest management 

control measures aside pesticides, they chose to use pesticides because they are seen as less 

labour intensive, less risky and cheaper to adopt when compared to the non-chemical methods. 

Another reason for their continued pesticide use reported by Robinson et al. (2007) is its’ use 

as a precautionary measure to prevent future and unexpected pest attacks. 

 

Lagerkvist et al. (2012) in their study to understand farmers' motivations for pesticide use in 

leafy vegetables in Kenya reported that the demand by urban consumers for aesthetically 

acceptable vegetables and the need to reduce loss and waste influence farmers’ excessive use 

of pesticides. According to their study, the opportunity provided by pesticide to meet 

consumers’ demand for aesthetic quality increases the quantity of vegetables sold and therefore 

more income which is used to meet needs. This also confirms Wilson and Tisdell’s position 

that farmers are likely to continue to use pesticides because of the benefits accrued from its’ 

application. In a study by Rahman & Chima (2018) on determinants of pesticide use in food 
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crop production in South-eastern Nigeria, farmers were reported as using pesticides as 

substitutes for labour and ploughing services. This indicated that farmers’ pesticide use is 

motivated by the need to save on operational cost, and ultimately increase profit. 

 

3.3 Pesticides as contaminants/pollutants 

A chemical is classified as a pollutant when its presence has the potential to damage either the 

environment or human health (Briggs, 2003). It is well established that pesticides are dangerous 

chemicals deliberately introduced into the environment to kill pests in form of insects, weeds, 

parasites and pathogens (Djouaka et al. 2016). These pesticides include miticides, insecticides, 

fungicides, herbicides, rodenticides, molluscicides, nematicides, plant growth regulators and 

several others which offer a number of advantages including protection of crops, preservation 

of foods or different materials, and control of diseases (Egendorf et al., 2018). However, a large 

fraction of these pollutants persists in the environment long after their initial application 

(Gavrilescu, 2005) through transport and transformation into more stable structures with far-

reaching impacts on the soil, water, organisms, plants, animal and human health and wealth 

through the disruption of predator-prey relationships, loss of biodiversity and significant 

human health challenge (Fig. 3.1). 
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Figure 3.1: Graphical illustration of pesticide sources, movement and targets in the 

environment 

 

Pesticides are a primary source of pollution in the environment but becomes classified as 

pollutants/contaminants when they are released into the environment either through point- 

source or non-point source (Racke et al., 1997; Vryzas, 2018). The soil, sediments, surface and 

groundwater become contaminated with varying amount of pesticide residues once these 

chemicals are released into the environment (Vryzas, 2018). A point-source contamination as 

described by Muller et al., (2002) is the discharge of pesticide from a discrete identifiable 

source such as during disposal, filling, and cleaning of spraying equipment within an immediate 

farm area. They also included washing off of pesticide residues from washing vegetable plants 

or from impermeable surfaces such as roadside and rail tracks (Carter, 2000a). For a non-point 

or diffuse contamination, it is defined as that which cannot be identified to a specific source 

such soil surface run-off, leaching and spray drift (Carter, 2000a; Muller et al., 2002). Soil and 

sediments are identified as the major storage area of pesticides from both types of 



 

71  

contamination (Ochoas and Maestroni, 2018; Vryzas, 2018). Therefore, the next sections will 

discuss pesticide fate in soil and sediments. The section will highlight the maximum residue 

limits expected in these media and review current studies that will be used in discussing the 

findings of this study. 

 

3.3.1 Pesticides in soil and sediments 

Pesticides introduced into the soil, either through by direct or indirect application are potential 

contaminants/pollutants. Vryzas (2018) described soils as major sinks of pesticides once 

introduced into the environment since they are natural media for plant growth. Chaplain et al. 

(2011) described the soil as the interface between pesticides and other environmental 

compartments such as sediment, surface and ground waters. Soils become directly affected by 

pesticide application when they are introduced to increase agricultural output by reducing pest 

infestation of crops both in and out of season. A soil, according to Soil Taxonomy, is defined 

as: 

 ‘a natural body comprised of solids, liquid, and gases that occurs on the land 

surface, occupies space, and is classified by one or both of the following: horizons, 

or layers, that are distinguishable from the initial material as a result of additions, 

losses, transfers, and transformations of energy and matter or the ability to support 

rooted plants in a natural environment’ (Soil Survey staff, 1999, pg 9). 

This ability of soil to transfer and transform energy and matter to support plant growth 

(Abrahams, 2002) is the same characteristic that is capitalised upon when for pesticide potency 

when formulated. This transfer and transformation of energy and matter shapes the fate of 

pesticides in the environment (Cyon and Piotrowska-Seget, 2006; Ochoa and Maestroni, 2018) 

as availability and persistence of these chemicals is required for pesticide formulations to be 

effective on their intended targets (Carter, 2000b). 

 



 

72  

The retention and mobility of a pesticide in soil is largely driven by the extent and strength of 

sorption reactions, which are regulated by the chemical and physical properties of the soils and 

pesticide used (Grant et al., 2009; Fenoll et al., 2011). These soil characteristics include 

environmental conditions such as pH and temperature and biological conditions such as soil 

organic carbon (Grant et al., 2009). This movement and persistence in the environment are also 

determined by type of pesticide once it is released, where some of these pesticides can become 

absorbed immediately or be transported through other soil processes (Arbeli and Fuentes, 

2010). 

3.3.1.1 Soil physico-chemical properties that affect pesticide movement in soil 

Soil characteristics that affect pesticide movement in the soil include soil type and structure, 

organic matter content, clay content, pH, mineral ion content and microbial population 

(Edwards, 2005). Soil properties such as texture and size affect pesticide degradation by 

influencing the soil adsorption and cation exchange capacity (Ochoa and Maestroni, 2018). For 

example, clay soil adsorps pesticide because of the large number of exchangeable cations this 

particular soil type has (Lagaly, 2001; Ochoa and Maestroni, 2018). According to Lagaly 

(2001), these exchangeable cations in clay soils modify the absorbing capacity of these soils 

and therefore, influence the interaction between pesticides and clay minerals. The amount of 

exchangeable cations present in clay soils are as a result of its’ high moisture content influenced 

by high temperature (Racke et al., 1997; Durovic et al., 2009; Ochoa and Maestroni, 2018). 

Pesticide adsorption thereby increases with high soil moisture content since water aids 

pesticide movement to sorption sites (Ochoa and Maestroni, 2018). High organic matter 

content also influence pesticide adsorption (Durovic et al., 2009, Ochoa and Maestroni et al, 

2018). Also, the higher the soil pH, the faster the rate of pesticide process in soil (Cyon and 

Piotrowska-Seget, 2006). 

Another characteristic is temperature. The rate of pesticide breakdown is highly influenced by 
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temperature, with an increase in temperature leading to a faster rate of degradation (Pimentel 

and Edwards, 1982; Cyon and Piotrowska-Seget, 2006). This faster rate of degradation due to 

high temperature influence moisture condition, which in turn influence microbial activity. A 

high microbial activity from soil microflora influenced by high temperature, allows for low 

adsorption of pesticides to different soil particles, and therefore, a faster degradation process 

(Cyon and Piotrowska-Seget, 2006; Arbeli and Fuentes, 2010). High temperature is a 

characteristic of tropical environment and therefore this is significant to this study where 

historical and current profile of pesticides used Ibadan in UA, a tropical environment is being 

assessed. A tropical environment, according to Arbeli and Fuentes (2010), is defined as the 

land mass between the Tropics of Cancer and Capricorn and represents 40% of the world 

surface area. Though research on pesticide fates in tropical soils are limited, the faster 

degradation process that occurs in environment with high temperature means that tropical soils 

are less liable to long-term contamination of pesticides. 

Organic matter content also influences pesticide movement in soil. The quantity of organic 

matter determines the adsorption rate of pesticides and their transformation products (Fenoll et 

al., 2001). Soil PH level also determines the rate of adsorption, the higher the pH level, the 

lower the adsorption is. For ionisable pesticides, adsorption can be increased by lowering the 

PH level (Zougmoré et al., 2016). 

3.3.1.2 Pesticide characteristics that affect its’ movement in soil 

The characteristic of a pesticide type affects their movement in soil. These characteristics 

include solubility in water, soil adsorption and pesticide persistence (Gavrilescu, 2005, Ochoa 

and Maestroni, 2018). Pesticide solubility in water influences the ability of pesticide to adsorp 

to soil particles and hence, its persistence in the soil. Most pesticide compounds are produced 

in a form where they require water to m. Similarly, as explained in earlier chapters, pesticide 

movement in the environment, especially to their non-target organisms or earlier causes 
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economic loss to farmers, poor pest control and environmental contamination (Tiryaki and 

Temur, 2010). 

Pesticide persistence, also refer to as half-life is the number of days required for half of the 

initial pesticide quantity to break down in the soil (Gavrilescu, 2005; Tiryaki and Temur, 2010). 

The longer the half-life, the greater the potential for pesticide movement (Gavrilescu, 2005). 

Persistence is important in assessing pesticides because it signifies a causal relationship 

between pesticides and the environment long after its’ application (Edwards, 2002). This is 

exemplified by the continued persistence of organochlorine pesticides in the environment long 

after they have been banned. Persistence indicates an impactful causal relationship that extends 

into the future because persistent chemicals that are present now will also be present to a certain 

extent after a considerable number of years (e.g., 25% after 10 years if the degradation half-

life is 5 years). Pesticides can be divided into three categories based on half-lives: non-

persistent pesticides with a typical soil half- life of less than 30 days, moderately persistent 

pesticides with a typical soil half-life of 30 to 100 days, or persistent pesticides with a typical 

soil half-life of more than 100 days (Kerle et al. 2007). 

3.3.1.3 Pesticide degradation in soil and sediments 

As mentioned in earlier sections, soil and sediments are the major sinks of pesticides after 

application and therefore the sites for degradation. Degradation is often used in predicting fate 

of pesticides in soils through laboratory and field dissipation studies and therefore a process 

worth mentioning. Pesticide degradation occurs when these chemical compounds are 

transformed into simpler compounds such as water, carbon dioxide, and ammonia during 

chemical reactions such as hydrolysis, photolysis, and biodegradation (Ochoa and Maestroni, 

2018). These degradation processes and amount of pesticides left in soil and sediments are 

subjected to physical, chemical and biological factors which may be influenced by prevailing 

environmental conditions that control soil temperature and moisture content (Kah et al., 2007; 
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Vryzas, 2018). Temperature  

 

3.4 Methods of assessing pesticide contamination in the environment 

To assess pesticide contamination in the environment, it is imperative to consider the chemical, 

physical, biological, and hydro-meteorological factors that affect their presence and 

persistence. This has been discussed in the earlier section of this chapter. These factors affect 

their transport, degradation and uptake by plants and organisms when applied in farms (Gevao 

et al., 2000; Ochoa and Maestroni, 2018). Due to the various factors that influence pesticide 

movement and hence, the degree of contamination, different methods can be employed in 

assessing pesticide contamination. 

3.4.1 Direct measurements 

One of the most reliable ways of assessing pesticide contamination is use of direct 

measurements in field experiments. This is so because it provides realistic assessments on the 

presence and effect of pollutants in soil, sediments, water and organisms (Racke et al., 1997). 

Furthermore, it is used to provide region-specific information on pesticide fate in different soil 

types, usage, regional- and climatic-dependent variables (Racke et al., 1997; Edwards, 2003). 

Direct measurements include collecting sample of interest in form of surface water, soil and 

sediment directly from sample sites, preserving and transporting them to the laboratory for 

toxicity bioassays and (chemical) pesticide residue analysis. The sample preparation process 

and instrument determination are crucial to pesticide assessment because determination of 

pesticide residues in an extensive variety of conditions is challenging as a result of the small 

quantities of analytes and huge amounts of interfering substances that may affect the quality of 

the result (Tuzimski, 2012; Zhang et al., 2012). The type of instrumentation to be used 

determines the sample preparation method (Zhang et al., 2012). 

 

Pesticide residue analysis of field samples are carried out after extracting the analytes through 
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a cleaning up process and can be spiked due to low levels of pesticides that may be present in 

the environment (because of the pesticide transport system). The pesticide residue analysis 

process may involve spectrometry methods or the adapted QuEChERS (quick, easy, cheap, 

effective, rugged, and safe) method (Schenck et al. 2009). 

 

The traditional gas/liquid chromatography-mass spectrometry methods were developed for 

rapid multi-residue determination of OP insecticides in fresh fruits and vegetables at the 1- 

ng/g level (Anastassiades et al. 2003). This method entails acetonitrile extraction of food 

samples with magnesium sulfate and sodium chloride, followed by a solid-phase dispersive 

cleanup using graphitized carbon black and primary secondary amine solid-phase extraction 

sorbents and the addition of toluene. Extracts were evaporated almost to dryness under a 

nitrogen stream at 50°C and reconstituted in toluene for determination of OP and pyrethroid 

pesticide residues. The OP residues were determined using a gas chromatographic method with 

pulsed flame photometric detection, flame photometric detection, and mass spectrometry with 

limits of detection (LODs) ranging from < 1.0 to 10 ng/mL. The pyrethroid insecticide residues 

were determined using a gas chromatography method with halogen-specific detectors and/or 

mass spectrometric detectors, with LODs ranging from 5.0 to 25 ng/mL (Wong et al. 2010). 

They are however expensive and labor- intensive. 

 

3.4.2 Measurement by indicators 

Even though direct measurements are the best assessments for contaminations, indicators can 

be deployed when it is not possible to obtain direct measurements (Burrows & Edwards, 2002). 

Indicators are variables which provide information on other variables which are difficult to 

understand and may be a complex system (Beketov et al., 2008; Schriever et al., 2008). They 

are used to synthesize data, display current state of assessment, demonstrate the achievement 

or non-achievement of objectives; and finally communicate current status to users for 
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management decisions (Bockstaller et al 1997). This is especially useful when monitoring for 

pesticides in surface waters which can be problematic due to the large number of different 

compounds potentially present, the rate of diffusion and transient nature. These substances are 

generally diffuse and transient pollutants and are often present at low concentrations. 

3.4.2.1 Biological indicators 

One of the bio-indicator methods is the development and use of soil enzymes as bio- indicators 

of soil quality (Floch et al., 2011). Soil enzyme bio-indicators were developed with the aim of 

creating sensitive and appropriate indicators of soil contamination from pollutants such as 

pesticides based on the assumption that the biological properties of soil, such as enzyme 

activities, can be used as earlier indicators of soil degradation than chemical or physical 

parameters. Due to the sensitivity of these soil enzymes to pollution, they are therefore used as 

a measurement of soil degradation (Trasar-Cepeda et al., 2000). Another positive characteristic 

is that they are relatively simple, rapid, and cost-effective. Also, many soil enzyme assays are 

ideal for this purpose, being relatively simple, rapid, and cost effective. Furthermore, soil 

enzyme bio-indicators are specific to specific active ingredients in pesticide (lock and key 

mechanism pesticides may directly interact with soil enzymes by binding with the active groups 

of the proteins and consequently affect their catalytic activities However, they have only been 

used under laboratory condition and in single pesticide studies at different incubation times. 

Results of studies that have tried this bio-indicator revealed that soil enzyme activities differ in 

their sensitivity to pesticide addition, producing both significant positive and negative 

responses, in soil microcosms. During the experimental approach, microcosms were 

particularly useful to investigate a wide range of pesticide effects on soil enzyme activities. 

However, numerous factors encountered in the natural environment were not included; 

moreover, soils are generally subject to multiple pesticide contaminations instead of a single 

contamination. It can be also assumed that commercial formulations with additives other than 
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pesticides will have different effects on soil microbial functions than pure active ingredients. 

 

Another bio-indicator is the use of aquatic organisms. Studies reveal that diatoms can help to 

indicate pesticide contamination. However, soil algae are present in all kinds of soil. On the 

top few centimetres of the soil layer these little microorganisms are concentrated (Adekunle et 

al., 2017). Algae are organized in the layers depending upon the type of soil, farming methods, 

and application of pesticides used over these photosynthetic microorganisms. Contaminated 

pesticides are difficult to assess that is why the concept of diatoms are used. In biomonitoring, 

there is a great interest in using morphological aberrations. Overall use of abundance teratology 

is an excellent tool for identification and determination of contaminated and non-contaminated 

pesticides (Ben-Iwo et al., 2017). 

  

According to Schnurrenberger et al. (2002), lakes play a dynamic role of integrating 

environmental effects into a continuous, high-resolution archive of local and regional change. 

This archival system is achieved through the continuous sedimentation process of the lake right 

from their formation be it natural or man-made. Lakes accumulate sediments continually, a 

process that has been ongoing since their formation, in many cases for several thousand years 

or even longer. The sediment consists of biological remains from the lake itself and its 

surroundings, as well as soil particles and other non-biological material originating from the 

lake catchment and also the atmosphere. Hence, the sediment sequence in each lake is a 

continuous environmental archive, which contains information about the history of the lake 

and its surroundings. 

 

Sediment analysis serves a reconstruction tool to create a historical timeline of pesticide use in 

an agricultural ecosystem (Weston et al., 2007; Sabatier et al., 2014) since sediments act both 
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as a sink and as a source of pollution and sources of pollutants to surface water and biota 

(Somparn et al., 2017). In the case of this study, it allows for assessing incidence of continuous 

pesticide use amongst urban farmers in Ibadan, South-Western Nigeria. For example, Sabatier 

et al, 2014 in their studies using sediment analysis to validate pesticide use in a local vineyard 

were able to produce results showing how farming practices affect pesticide transfer dynamics. 

They discovered that introduction of short stay post- emergence herbicide glyphosate led to a 

release of long-term immobilised DDT pesticide. 

 

Studies reveal that diatoms can help to indicate pesticide contamination. Diatoms act as 

biological indicators. However, soil algae are present in all kinds of soil. On the top few 

centimetres of the soil layer these little microorganisms are concentrated (Adekunle et al., 

2017). Algae are organized in the layers depending upon the type of soil, farming methods, and   

application   of   pesticides   used   over   these   photosynthetic   microorganisms. 

  

Contaminated pesticides are difficult to assess that is why the concept of diatoms are used. In 

biomonitoring, there is a great interest in using morphological aberrations. Overall use of 

abundance teratology is an excellent tool for identification and determination of contaminated 

and non-contaminated pesticides (Ben-Iwo et al., 2017). In modern times, identification of 

diatoms is based on the morphological characters like symmetry, physical shape, density, and 

many others. Diatom contains outer cell walls composed of two valves that are made up of 

amorphous silica that is gone through polymerization. The frequency of deformities occurrence 

is mostly low but are commonly noted in diatom assemblages. Because of physical or chemical 

stresses cell division in cellular processes and the formation of a valve can be altered (Graziosi 

et al., 2017). The diatom cell density is a very simple metric that does not require any 

taxonomic knowledge. Under the conditions of contaminated stress, algal growth is observed 
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as a result of lower call counts are expected. However, numerous other factors like water 

discharge and grazing pressure have an impact on biomass and algal extension (Ifeanyichukwu 

et al., 2018). Difficulties in monitoring for pesticides makes attributing any observed changes 

in a biological community to pesticide contamination complicated. An indicator that would 

allow us to diagnose pesticide contamination at a site would be very useful (Beketov et al. 

2008). 

 

3.4.2.2 Use of Lead (Pb) 210 Dating to Assess Pesticides 

Lead-210 (210Pb) is a valuable tracer/indicator radioactive isotope for carrying out 

environmental investigations (Mabit et al., 2014). It is used for dating, tracing, and modelling 

biogeochemical cycling in ecosystems in the field of natural and physical sciences (Mabit et 

al., 2014). Lead-210 is a naturally occurring radioactive element, an element of Uranium 

radioactive series, the elements of this series have a countless half-life. Natural radiation 

consists of cosmic radiation and the radiation derived from the decay of naturally occurring 

radionuclides (NRC, 1999). 

 

Primordial radionuclides exist as left-overs from when the earth was created, are the major 

contributors to our radiation environment (Shahbazi-Gahrouei et al., 2013). These natural 

radionuclides include the primordial radioactive elements in the earth's crust such as, their 

radioactive decay products, and radionuclides produced by cosmic-radiation interactions. 

Therefore, it is present in earth's crust with an unchanging concentration over time. The 

concentration of uranium varies in different places, but it is present in almost all sediments and 

soil. These elements keep decaying continuously. By the time Uranium -238 decays into 

Uranium-234, which then decays to Uranium-230, and then into Radium-226 (Basu et al., 

2016). This way, the chain of reproductive elements decays continuously. However, the 
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radioactive concentration remains the same as it was in uranium before. This is because of the 

natural process called secular equilibrium and therefore an indication that radium- 226 is found 

everywhere in soil at low levels (Carvalho et al., 2017). 

The method of 210Pb is a chronological framework that was established by measuring short- 

lived radionuclide elements. A calculation is based on some constants and parameters. The first 

constant is sedimentation rate constant, the second constant is of the flux of excess 210Pb to 

the sediment-water interfacing constant (Abtew et al., 2016). The third parameter is post-

depositional migration of the radionuclide and the fourth is the activity of 210 Pb by the aid of 

226Ra in the sediments that is independent of deepness. By considering these parameters, the 

dating 210Pb helps to assess the pesticides contamination and sedimentation (Ameh et al., 

2017). The basic equation of radioactive decay helps to understand the lead 210- dating. 

Radioactive decay can be defined as in the unstable isotope elements the number of atoms 

decreases with time. In this equation "N" shows a number of unstable elements. And lambda 

refers to the radioactive decay constant (Ameh et al., 2017). 

 

 

Equation 3.1: Basic Radioactive Decay Equation 

Pb-210 dating is a technique that can be used for pesticides contamination. It is an isotope of 

Pb or leads that is formed by the decaying sequence of Uranium-238 (Basu et al., 2016). 

Sediments and soil contain an already existed level of Pb-210 that is formed due to the decay 

of Radium, which is incorporated into sediments due to rocks erosion. As soon as the former 

PB-210 is lost the new Pb-210 creates by the continuous decay of Ra-226. An excess of 

unsupported Pb-210 is also present in the young sediments. In order to analyse how Pb-210 
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helps in determining and assessing the pesticides, a model of equations is used. 

 

 

Figure 3.2: An illustration of Radiometric Dating 

Source: (www.ocean.washington.edu) 

 

Steps behind the Pb-210 dating to assess pesticides are described below. 

• Identification of previously existed radioactive material. Where the value should be taken 

at larger depths that is constant there. 

• Subtraction of the previously existed value from the new observed at lower depths. 

• Take the natural logarithm on observed values. 

• Plot the graph of depth z against the log of previously observed values. 

• Measure the slope in the mid region. It should be negative. 

• To get the sedimentation and contamination rate of pesticides, multiply the minus slope 

by radioactive decay constant. The constant value of lambda is (λ= 0.0311 yr- 1). 

This method is limited to certain situations like where it is not applicable where the 

sedimentation rate varies with time (Egendorf et al., 2018). 
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The Pb-210 method helps to estimate the age, accumulation rate of the sediment from a specific 

depth within the sediment column. For pesticide assessments, the accumulation rate of 

sediments in lakes, oceans, streams, rivers, and several water bodies can be determined by 

using the Pb-210 dating method (Alam et al., 2016) to study the depth profile of historical 

pesticide residues in an environment (Pandit et al., 2014). This method helps in quantifying the 

amount of erosion and sediment accumulation in agriculture water wells. At the watershed 

scale, this method is effective to assess the effectiveness of soil conservation. When radioactive 

element decays it produces the radioactive gases, called inert gases. Radon is among the inert 

gases, it can outflow into the atmosphere before decaying to the next radioactive element 

(Darkoh and Rwomire, 2018). This is possible only in a condition if the gas is produced in soil, 

where soil and air interfere. Before applying this technique, it is assumed that the sediments of 

lake and streams are receiving a continuous input of Pb-210 from the atmosphere. If Pb-210 

that was integrated into the sediments about 22.2 years ago will remain only 50 percent 

radioactive as it was initially added (Wossen et al., 2018). That is why this process is used to 

calculate the sediment age and accumulation rate of sediment. 

 

In this study, the use of Pb 210 is adopted for assessing the contamination of pesticides. 

Pesticides and sediments are continuously accumulating for several years. In order to assess 

the accumulation rate and save the various species, it is important to measure the depth of 

accumulation. Krishnaswami et al. (1971) introduced a model to determine the presence of Pb 

210. During the last several decades, agricultural pesticides are used at a higher rate around the 

world. In addition to this, long term storage and dynamic transformation of pesticides are 

changing our environment drastically. A number of dangerous pesticides have been banned but 

due to persisting nature, the molecules of these pesticides can remain in the soil, sediments, 
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underground water and ice (Wahab et al., 2018). This method presents an approach to monitor 

and determine the micropollutants and the long-term transfer and diffusion of herbicides, 

fungicides, and insecticides. The use of post- emergence herbicides (glyphosate) increases soil 

erosion and sedimentation. There are various other hazardous chemicals used in agricultural 

pesticides that are behind the changing in the environment. 

 

According to Egendorf et al. (2018), samples that were under 1700 m of rocks were analysed 

by the dating method in the Laboratory Souterrain de Modane. The radioactive elements used 

include 210Pb, 226Ra, 228Ra, 228Th, 234Th, 241Am, 137Cs, 7Be. By selecting low activity 

materials and the dominance of cosmic radiation, the lessening of the crystal was obtained. For 

measurement, the detector sensitivity was allowed for the reduction in sample mass at the same 

time. This helps to measure both less radioactive levels and small weights as well. Using the 

Gamma rays exhibited by their short-term descendants about 40K levels were analysed and 

measured by the gamma emission at 1460 Ke V (Darkoh & Rwomire, 2018). 

 

3.5 Conclusion 

This chapter has reviewed literature on pesticide misuse, awareness, knowledge, and behaviour 

of farmers who are the primary consumers of pesticides, the process of pesticide contamination 

and methods of assessing their presence in the environment. Previous studies on these subjects 

are used in designing the questionnaire survey, which is discussed in detail in the next chapter. 
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Chapter Four 

Research Methodology 

This is an era of specialists, each of whom sees his own problem and is unaware of or 

intolerant of the larger frame into which it fits 

-Rachel Carson, Silent Spring 

4.1 Introduction 

The quote above aptly summarizes the motivation for this study which is situated on the 

premise that pesticide use in modern agriculture, with particular focus on urban agriculture has 

both direct impacts on the environment and indirect ones on the society and economy. These 

impacts- discussed in chapters 2 &3- are not in isolation of one another and as such requires an 

interdisciplinary approach. As the practice of agriculture involves a complex interaction of 

technologies within the social, environmental, and economic dimensions, unilateral approaches 

are no longer sufficient to resolve research problems that cuts across other sustainability 

dimensions (Zinsstag et al., 2011). Taking cognizance of todays’ fast-changing landscape with 

the heightened impacts of our activities on climate change, the challenge presented by pesticide 

reliance in urban agriculture need to be tackled within the perspective of other factors beyond 

environmental issues. For instance, aside from measuring presence and persistence of 

pesticides from environmental point of view, this study acknowledges the need to explore the 

social and economic dimensions that is driving pesticide reliance. 

 

Following the conceptualisation of the potentials of UA to significantly contribute to SD 

(chapter 2), and that an understanding of drivers for pesticide use can play a critical role in it’s 

practice, therefore promoting sustainability via food security, improved livelihood and 

environmental protection, this chapter presents the justification for combining social and 

natural science methods in this interdisciplinary approach to answer research question, 

including how it fits into the research paradigm adopted for this study. It will discuss the 
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strength and weaknesses of methods used and adapted in the inquiry process. In summary, this 

chapter will be in two parts with the first part focused on research philosophical issues 

including the research methodology, research paradigm and justification for interdisciplinary 

approach; while the second part will present the study area and quantitative and qualitative 

methods adopted from both natural and social science research paradigms. The chapter 

concludes with a section on ethical decisions and considerations taken in the course of the 

study. 

4.2. Research methodology 

Research methodology is the overall action plan as regard the choice and use of specific 

methods and linking the choice and use of these methods to the expected outcomes (Crotty, 

1998). Olsen (2004) also defined it as a set of proposed techniques in combination with 

ontology (underlying assumptions about the world) and epistemology (assumptions about how 

to establish true statements about the world). It therefore situates the scope of research, likely 

problems and steps taken to minimize their impacts on the interpretation of findings, and 

subsequently, the overall research (Crotty, 1998; and Daryl, 2014). This research’s 

methodology therefore involves an interdisciplinary approach, combining an investigation of 

the impacts of pesticides on soil and sediments over time, using natural science methods, with 

an exploration of the extent of pesticide usage and small-urban farmers’ knowledge on 

environmental impacts and best practice in Ibadan Nigeria, using social science methods. 

To fully grasp the philosophy behind the research, this section shall also explore research 

paradigms and the limitations of the research. It also explains the process and rationale behind 

the research design and what influence this may have on the overall conclusion of the entire 

thesis. 

4.2.1 Research philosophy 

This section describes the research philosophy and paradigm underlying this study; 

justification for interdisciplinary research; and the ethical considerations in designing the study. 
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Research philosophy is important as philosophical ideas influence the research design and 

practice of research. A research design is a framework that guides or sign-post the collecting 

and analysing of data evidence in such a manner that makes it possible for the research 

questions to be answered (Ragin, 1994; Bryman, 2004). The research design should have 

capacity to create conditions which enable a contribution to theory (Gerson and Horowitz, 

2002). The choice of research design is influenced by the dimensions and priority of the 

research, examples being, establishing causal relationships, generalising with respect to a larger 

population, understanding behaviour and its meaning within specific contexts and 

understanding interconnections of social phenomena within specific time (Bryman, 2004). 

 

This research design, as described by Oppenheim (1992), is the basic outline of the research 

and the logic behind an assessment of pesticide use in UA within the context of sustainable 

development dimensions, which allows for formulation of explicit research questions that 

allows for valid conclusion to be drawn. Therefore, the research design used in this study is a 

combination of both quantitative and qualitative methods from natural and social science 

research respectively. 

 

To plan a good research design according to Creswell (2009), three elements need to be 

considered. These are: the intersection of philosophy (ontology and epistemology), plans of 

inquiry, and specific methods (Creswell, 2009). Philosophy gives a snapshot into how a thesis 

imparts on the world beyond the abstract, which subsequently informs the plan and line of 

inquiry. The line of inquiry, which is how pesticide use in urban agriculture impacts on the 

environment, society and the economy, is therefore used in selecting specific methods that will 

be used to answer the research questions: assess the impact of pesticide use on soil and water; 

create both historical and current profile of pesticide use; and evaluate the extent of pesticide 
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use; and explore farmers socio-economic and environmental considerations on pesticide use 

(Creswell, 2009). 

 

Since philosophical assumptions are underpinned by an intersection of epistemology and 

ontology (Creswell, 2009), one may safely assume that understanding both the epistemology 

and ontology behind the research topic is necessary to identify the best research paradigm that 

embodies the methods needed to answer the research questions. According to Grix 2004: 58, 

“ontology and epistemology can be considered as the foundations upon which research is 

built.” It is the researcher’s ontological and epistemological assumptions that inform the choice 

of methodology and methods of research. King and Horrocks (2010) defined epistemology as 

the philosophical theory of knowledge while ontology is described as what reality exists 

(Crotty, 1998). This suggests that epistemology is knowledge that can be established adhering 

to a process (Crotty, 1998) to define how we know what acceptable knowledge is, what is to 

be gained from it, and how we communicate it (King & Horrocks, 2010). 

 

4.2.2 Research paradigm 

A research paradigm, as defined by Teddlie and Tashakkori (2009) is ‘‘a worldview, together 

with the various philosophical assumptions associated with a particular point of view’’. This 

definition is also in agreement with Creswell & Plano Clark (2007). Grix (2004) referred to 

paradigm as the understanding of what one can know about something and how one can gather 

knowledge about it. To understand the use of pesticide in urban agriculture, one requires a view 

that allows for both a glimpse and in-depth analysis of issues and patterns identified. Patton 

(2002) further expatiated the description of paradigm as a way of describing a world view that 

is informed by philosophical assumptions about the nature of social reality (ontology), ways of 

knowing (epistemology), and ethics and value systems (axiology). 
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Paradigm was a term adapted from the works of Kuhn (1962; 1970), allowing for researchers 

to define their epistemological stance along the research continuum of two traditional 

approaches of quantitative and qualitative research. A paradigm is an approach, or a research 

model adopted to conduct research. A paradigm must be verified and accepted by the research 

community and applied in research design for many decades. Morgan (2007) identified four 

different meanings of paradigm: a worldview; an epistemological stance; shared beliefs among 

a community of researchers and model examples of research. A paradigm therefore provides a 

backdrop against which we ask certain questions and use appropriate approaches to carry out 

a systematic inquiry. Ontology relates to whether we believe there is one verifiable reality or 

whether there exist multiple, socially constructed realities (Patton, 2002). Morgan (2007) 

accepted that the description of paradigm as an ‘epistemological stance’ is the most used 

meaning of paradigm in discussions of social science methodology and this is the position 

adopted in this research. Epistemology inquiries into the nature of knowledge and truth. It asks 

the following questions: What are the sources of knowledge? How reliable are these sources? 

What can one know? How does one know if something is true? 

 

The main paradigms that evolved from the understanding of the ‘not mutually exclusive’ 

traditional approaches of quantitative and qualitative research include positivism, 

interpretivism, critical realism and post-positivism (see Table 4.1). In limiting the scope of this 

discussion, the two paradigms that situates the epistemological position of this research, are 

the traditional positivist and interpretivist approaches, will be briefly discussed and its 

contribution to the evolution of post-positivism, which is the main paradigm of this research. 

 

The traditional positivist paradigm produces scientific knowledge through the process of 

objectivity and therefore is accorded a dominant role in conventional agricultural research 



 

90  

methods (Ingram, 2004; Nuijten, 2011). This paradigm generates and portrays information 

objectively without considering the interplay of other factors that may not be clearly obvious 

(Onwuegbezie, 2000). This paradigm aims at explaining cause and effects in a study by 

explaining relationships (Creswell, 2009; Grix, 2004). Positivist methodology aims at 

explaining relationships and mostly characterised by experimental designs, hypotheses testing 

and verification by experiments between the independent and dependent variables (Creswell, 

2009). It mainly thrives on homogeneity and therefore provides sectarian answers to research 

problems. This paradigm would have been solely adopted in this study if research questions 

are being asked in isolation of one another. However, the objective of this research is to assess 

pesticide use in a way that acknowledges the existent relationship among the three dimensions 

of sustainability and therefore, this line of inquiry will not fully meet the research objectives. 

 

To support the positivist approach in fully answering the research inquiry, an interpretivist 

paradigm is adopted. This paradigm perceives reality as an interconnectedness phenomenon 

that requires meanings and understandings on social and experiential levels (Nguyen and Tran, 

2015). According to Cohen et al. (2007), it is noted that interpretivist researchers discover 

reality through participant’s views, their own background, and experiences. As this study 

involve human subjects as primary consumers of pesticides, a paradigm that allows for 

understanding the why of the pesticide use is required. This will contribute towards an 

understanding of farmers’ role in deciding pesticide use and inform on providing mitigating 

measures towards reducing its use in UA. 

 

For this study, research paradigm can simply translate to the framework required to know about 

incidence and impacts of pesticide use in urban agriculture by small-urban farmers through 

both quantitative and qualitative research methods. This means this paradigm in this research 
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context is a way of describing pesticide use informed by increased use of pesticides by urban 

farmers within the principle of sustainability and measuring their incidence and impacts 

through both quantitative and qualitative methods. Furthermore, the interactions amongst the 

three main dimensions of sustainability are acknowledged and factored in the research process. 

 

Table 4.1: Characteristics of positivist and interpretivist paradigms 

Philosophical assumption Positivism Interpretivism 

  

 

Nature of inquiry 

Objective, tangible 

and single. 

 

Socially constructed; 

 

Ontology 
 

Goal of research 

Explanation and 

strong prediction 

Understanding and 

weak prediction 

  

 

Focus of interest 

Provides general, 

average and 

representative 

Specific, unique and 

deviant; 

  

 

Knowledge 

generated 

 

 

 

Laws, Absolute 

Meanings are relative, 

based on time, context, 

culture and value. 

 

Epistemology 

Subject/Researcher 

Relationship 
 

Rigid separation 

Interactive, cooperative 

and participative 

 

 

 

 

 

Methodology 

 

 

 

 

 

Desired information 

 

 

How many people 

think and do a 

specific thing or have 

a specific problem 

What some people 

think and do, what kind 

of problems they are 

confronted with, and 

how they deal with 

them. 

Adapted from Pizam and Mansfeld (2009) 

4.2.3 Interdisciplinary approach 

The extent of interdisciplinary and mixed methods studies in present-day academia suggests 

that multi-lateral approaches provide valuable insights to research problems (Archibald et al., 

2015), especially in those that involves human and environmental issues (Popp et al., 2012). 

Given the relationship that exists between the environment and socio- economic dimensions of 

SD, such as issues involving pesticide use in UA where pesticide consumption is driven by 

social and economic needs of ensuring food security and sustaining livelihoods, the 

significance of interdisciplinary studies in integrating different theories, concepts and data from 
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different traditional research methods becomes apparent (Schoolman et al., 2011; Spangenberg 

2011). In this current study, issues such as pesticide use assessment cannot be addressed by 

one scientific discipline e.g soil analysis alone or questionnaire survey alone, but by combining 

other disciplines to understand drivers and interactions behind its use. For instance, while 

quantitative measurements in form of questionnaires and field measurements are needed to 

create a context for extent of pesticide use and presence in the soil, qualitative instruments such 

as interviews, focus group discussions and key informant discussions provides a depth to the 

analysis and evaluation of problem statement (Munda and Saisana, 2011). Therefore, to 

understand how pesticide use changes in the natural environment and farmers’ knowledge on 

pesticide use, awareness of its’ impacts and motivations for its use, a research methodology 

that allows for heterogeneity of factors of interest is required. 

 

This methodology is adopted by acknowledging that adverse environmental impact from 

pesticide use are influenced by economic and social decisions which subsequently limit the 

actualization of sustainable agriculture, and subsequent sustainable development. By 

acknowledging this relationship, the objectives of this study include assessing pesticide in the 

environment and its incidence, which involves natural science data collection and analysis and 

social science methods for understanding factors from the farmers’ perspectives that drive 

pesticide (quantitative and qualitative analysis). 

 

As presented in Figure 4.1, this research is designed as an interdisciplinary one, to help better 

understand pesticide use and impact amongst small-urban farmers using a combination of 

social and natural sciences research methods. An interdisciplinary approach is a means of 

solving problems and answering questions which cannot be satisfactorily addressed using 

methods or approaches from a single discipline (Borrego and Newswander, 2010). In this 
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study, three distinct, yet overlapping factors are involved in the theoretical framework; 

environment, social and economy; and each can only be measured/assessed using approaches 

from different disciplinary foundations. 

 

 

Figure 4.1: Graphical representation of the research paradigm in an interdisciplinary study 

 

This approach, which is defined by both positivism and interpretivism paradigm, is adopted to 

provide an integrated understanding of pesticide incidence in the environment and farmer 

behaviour not only from the accounts of the users i.e., the urban farmers but also with respect 

to soil and sediment analysis. It allows for combining methods from both natural and social 

science disciplines which can be quantitative and qualitative. This interdisciplinary approach 

provides the opportunity to assess pesticide contamination from urban agriculture, and 

simultaneously understand social and economic factors responsible for it, with a subsequent 

goal of providing a robust solution to pesticide misuse in urban agriculture. It combines a 
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natural science method of both chemical and biological analysis of sediments and soil samples 

to assess both historical and current environmental contamination from pesticide use and a 

social science instrument of questionnaire survey and interviews and focus groups to provide 

an overview of pesticide incidence, knowledge and behavior in UA. 

 

A combined approach, drawing on a mix of natural and social science (quantitative and 

qualitative) approaches in this study, will help to bridge the gap between natural science 

research into environmental impacts of pesticides and its social and economic implications in 

urban agricultural practice by small-holder practitioners (Becker and Bryman, 2004). As such 

this study attempts to fill a gap in existing knowledge by carrying out an integrated research in 

a single study. 

4.3 Study area 

This section provides an overview of the study area within a geographical and administrative 

context. A profile of Nigeria as country which include its administration and geographical 

divisions and how the country’s food security challenge might have influenced pesticide use in 

urban agriculture had been presented in chapter two. The country’s food security challenge had 

also been discussed in chapter two under the scope of study and research context. This section 

will therefore provide an overview of Oyo state as one of the thirty-six states of the country 

and its contribution to agricultural production. This is followed by a much more detailed 

description of Ibadan city as the primary study area is provided to show the importance of 

urban agriculture with reference to pesticide use. 
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4.3.1 The profile of Oyo State 

Figure 4.2 presents the map of Nigeria, showing the geographical position of Oyo state. The 

State is located in the rainforest vegetation belt of Nigeria between latitude 20 381 and 40 351 

east of the Greenwich meridian in the south-west zone of Nigeria. It is bounded in the south by 

Ogun State and in the north by Kwara State, in the west by the Republic of Benin, while in the 

east it is bounded by Osun State (formerly part of Oyo State). Oyo state exhibits the typical 

tropical climate of averagely high temperatures, high relative humidity and generally two 

rainfall maxima regimes during the rainfall period of March to October. 

 

Figure 4.2: Map of Nigeria showing the sample area 

 

It consists of thirty-three (33) Local Government Areas and covers an area of 28,454 square 

kilometres. Out of the thirty-three local government area, Ibadan the capital city (sample area) 

comprises eleven local government areas. The state has an estimated population of over 

5,591,589 million people (N.P.C, 2006). The state residents are mainly engaged in Agriculture 

(both rural and urban) with small-scale traditional farming system predominating in the area 
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cultivating a variety of food and cash crops, such as vegetables, yam, maize, cassava, millet, 

plantain, banana, rice, and fishing, which is favoured by the tropical nature of the climate, 

which has an average temperature and rainfall figures of 27.10C and 1313.13mm respectively 

(Adewuyi et al., 2015). 

 

4.3.2 The profile of Ibadan city 

Ibadan, the capital city in Oyo state and its economic capital is reputed to be the third largest 

city in Africa and not left out in the current trend of human population growth (Figure 4.2). It 

has a population of 3,565, 108 million people (UNDATA, 2015) from 100,000 recorded in 

1951 (Onibokun and Faniran, 2011). This population increase is attributed to the urban sprawl 

that has expanded from 36-kilometre square in the 1950s’ to over 400 kilometre square it 

occupies today (Onibokun and Faniran, 2011). 

 

There are eleven (11) Local Governments in Ibadan Metropolitan area consisting of five urban 

local governments in the city and six semi-urban local governments in the less city. Local 

governments at present are institutions created by the military governments but recognised by 

the 1999 constitution and they are the third tiers of government in Nigeria. The fiscal federalism 

approach treats local government as a subordinate tier in multi-tiered system and outlines 

principles for defining the roles and responsibilities of orders of governments. Hence, in most 

federations as in Canada, the United States and Nigeria, local governments are extensions of 

state governments. 

 

Local governments Councils consist of the Executive Arm made up of the Executive Chairman, 

the vice chairman, the secretary and the supervisory councillors. The legislative arm consists 

of the councillors representing the 127 political wards, each headed by a leader and supported 

by other house officials while the Director of Personnel Management (DPM) serves as the clerk 
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of the house. There are six major departments in each local government which in turn are made 

up of divisions and sections. Various departments execute the policies and directives of the 

Executive. The senior staff members are employed and disciplined by the Local Government 

Service Commission (LGSC). The administrative departments are headed by a Director and 

include Personnel Management; works, Housing and Survey; Finance and Supply; Educational 

and Health and environmental Services and Agriculture. 

 

4.3.2.1 Geographical profile 

Ibadan is geographically situated within the tropical hinterland climate zone (about 150– 

240km northwards from the coast) with 1000 to 1500mm annual rainfall, temperature range of 

21–25°C and relative humidity range of 50–80%. The city enjoys two distinct seasons namely, 

the rainy season between April to October and dry season between November and March. The 

rainy season is characterised by high rainfall with a mean annual rainfall of about 1237mm 

(Olayinka et al, 1999). The dry season is also characterised by dry dust laden winds originating 

from the Sahara’ desert and experiences occasionally low rainfall. Average temperature 

reaches a peak of 28.80C in February and reaches a low of 24.50C in August. 

 

The dry season range from 4–5 months between November to March, with December- January 

characterized by NE-SW dry, cold, and dusty harmattan trade wind, from the Sahara Desert. 

The city is characterized by bush, herbs, shrubs, trees, grasses, palm vegetation and 

comparatively high temperature and rainfall throughout the year. Most of the precipitation is 

received during the wet season and all the streams are perennial in nature. 

 

The city is drained by three important rivers- River Ogunpa, River Ona and River Ogbere. The 

River Ona directly feeds into Eleyele Lake. The economic activities in the city include 
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agriculture, commerce, handicraft, manufacturing, and service industries. Despite a decline in 

the city’s farming practitioners, agricultural activities still remain an important industry in 

Ibadan with local government areas involved in subsistence farming, commercial farming and 

settlement farming (Odewumi et al., 2013). 

 

4.3.2.2 Agricultural profile 

During the colonial period (end of the 19th century – 1960), the Nigerian economy depended 

mainly on agricultural exports and on proceeds from the mining industry. Small- holder peasant 

farmers were responsible for the production of cocoa, coffee, rubber and timber in the Western 

Region, palm produce in the Eastern Region and cotton, groundnut, hides and skins in the 

Northern Region. The major minerals were tin and columbite from the central plateau and from 

the Eastern Highlands. In the decade after independence, Nigeria pursued a deliberate policy 

of import-substitution industrialisation, which led to the establishment of many light industries, 

such as food processing, textiles, and fabrication of metal and plastic wares. These were 

financed by revenue derived from exports of agricultural products. During this period, the 

Gross National Product grew at a rate of about 3.2 per cent per annum. 

 

4.3.2.3 Geological and topographical profile 

Ibadan lies mostly on lowlands influenced by rocky outcrops and series of hills. These crops 

are mainly granitic. Three major land forms of hills, plains and river valleys dominate the whole 

landscape of the region. The average elevation is 230m above mean sea level. The metropolis 

is drained by three major rivers, Ogunpa, Ona and Ogbere alongside their several tributaries 

which include Omi, Kudeti, Alaro and Alapata. These combinations of hills and river valley 

provide a good drainage for the city, but it has suffered a lot of mishap due to blockages of the 

water course by solid waste coupled with the construction along the river course and sometimes 
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right within the course itself. Ibadan is underlain with basement complex rocks which are 

mainly metamorphic rocks of Precambrian age with granite, quartzite and migmatite as the 

major rock types. This city was purposively selected for this study because of its importance 

in UA practice in Nigeria. 

 

 

4.3.3 Sample area 

The main objective of the study is to assess pesticide use in urban agriculture in Ibadan so as 

to contribute to knowledge on why pesticide misuse remains a threat in developing countries 

such as Nigeria. In Ibadan, Urban agriculture has reduced the influence of farm- gate sellers 

and middlemen and therefore protect the profit of the farmers as transportation costs, storage 

cost and daily commission are removed from the production cost and therefore leading to high 

amount of profits. To assess pesticide use amongst urban agricultural practitioners, a sample 

of Ibadan city population is drawn for survey (see Fig. 4.3 for map). The sampling frame was 

purposively designed to select five local government areas from the city’s administrative areas. 

This purposive sampling was adopted so that local government areas close to Eleyele Lake 

were included in the study.  
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Figure 4.3: Map of Sample area 

 

These Local government areas are Ido, Akinyele, Ibadan-North, Ona-ara and Oluyole. Ido. 

These farms/farmers sell their produce by wholesale which is mostly pre- ordered by 

restaurants, canteens, and school kitchens; and also retail to individual consumers on the farm 

and off-the farm. However, observation on the field showed majority of these farmers sell their 

produce on the farm and therefore reduce transportation and storage cost for them. Demand for 

fresh vegetables drive the sale of these produce on the farm and farmers from these areas sell 

their produce directly on the farm to both middlemen and retail buyers. Eleyele Lake was the 

primary site for sediment collection while soil samples were also collected from farms in the 

study vicinity. The following sub- sections describe briefly the local government areas included 
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in the study and Eleyele Lake. 

 

4.3.3.1 Ido Local Government Area 

Ido was among the five in Ibadan district before it was cancelled in 1956. Other four Local 

Governments that were in existence at that time were Mapo, Akinyele, Ona-ara and Olode- 

Olojumon. Mapo was the headquarters for all the Local Governments by then, which was called 

Ibadan City Council (ICC). The area was referred to as Akinyele West Local Government 

(1981-1983) during the second Republic and later merged with Akinyele Local Government 

by the Buhari/Idiagbon regime in 1984. The present Local Government area was finally 

restored in May 1989, with its headquarters at Ido, which was carved out of the former Akinyele 

Local Government. The entire area spans across 986 km2 with a total population of 103,261 

(NPC, 2006). 

 

Ido Local Government covers the area spanning Apata, Ijokodo, Omi-Adio, Akufo and Apete. 

It shares boundaries with Oluyole, Ibarapa East, Akinyele, Ibadan South-West and Ibadan 

North-West Local Governments in Oyo State and Odeda Local Government in Ogun State. 

The council formerly has six wards, which had been increased to ten for ease of administration. 

The local government now consists of five areas namely, Apata division with eleven (11) 

communities, Apete with fifteen (15) communities, Ologuneru with eight (8) communities, Ido 

with thirteen (13) communities, and Omi-Adio with seven (7) communities (Babatunde and 

Oyekola, 2019). 

 

On the account of extensive fertile soil, which is suitable for agriculture, the basic occupation 

of the people is farming. There are large hectares of grassland which are suitable for animal 

rearing, vast forest reserves and rivers. People in the area grow varieties of cash crops such as 
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cocoa, kola nut, palm oil, timber, and food crops such as maize and rice. The area is also 

suitable for a wide range of edible fruits. In fact, Ido Local Government can serve as the ‘‘food 

basket of the state” if well utilized. The area has also gained tremendously from 

industrialization process with the presence of industries such as the Nigerian Wire and Cable 

Ltd, Nigeria Mining Corporation and the Nigeria National Petroleum Corporation (NNPC) 

among others. The Local Government has 75 primary schools and 33 secondary schools. 

4.3.3.2 Ibadan North Local Government Area 

Ibadan North local Government area has the largest land area among the urban local 

governments’ areas in Nigeria with 145.58km2 and a population of 306,795 people (NPC, 

2006) and a 2016 projected population of 432, 900 (City population 2016). The local 

government area was created on 27th September 1991 and exists between longitude 30 53’ and 

30 56’ East of Greenwich Meridian and latitude 70 23’ and 70 29’ North. It is bounded in the 

West by Ido and Ibadan North West Local Government, in the East by Lagelu, Egbeda and 

Ibadan South East Local Government respectively and in the North by Akinyele Local 

Government. 

This area was selected as part of the study because of its close proximity to Eleyele Lake and 

also because of its cosmopolitan characteristics and location of farming communities (Mokola 

Barracks). Economic activities undertaken by people in the local government area include 

trading, public service and agriculture. 

 

4.3.3.3 Akinyele Local Government Area 

Akinyele local government area lies in the coordinates between latitude 70 28` and 70 31` and 

longitude 30 53` and 30 57`. The local government area has its headquarters at Moniya in 

Ibadan with a total land area of 414,892km2. It is located in the rain forest zone and grassland 

of South-Western Nigeria. Farming is the primary occupation of the people in the area and the 

type of crops cultivated includes maize, yam, cassava, and vegetables among others. The local 
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government area is one of the beneficiaries of the Fadama II project because of the 

preponderance of dry season vegetable production in the area. 

4.3.3.4 Ona-Ara Local Government Area 

Ona-Ara Local Government Area was created in 1989 with its administrative headquarters 

located at Akanran, Ibadan. It shares boundaries with Egbeda Local Government to the North, 

Oluyole to the West, Osun state to the East and Ogun State to the South. The Local Government 

Area covers a total land area of 425.544 km2 with a population density of 707 persons per km2. 

Using a growth rate of 3.2% from 2006 population census, the 2010 estimated population figure 

for the Local Government area was projected to be 300,659 (NPC, 2016).  

The residents of the Local Government Area are Yoruba’s and other tribes from various part 

of the country. This council was selected as one of the study areas because major areas assume 

urban status. It has a scattered farming population across its various communities such as 

Badeku, Jago, Ojoku, Ajia, Foworogun, Idi-Ogun, Elese-Erin, Olosunde, Ojebode, AKanran, 

Gbada-Efon etc. Among Agricultural activities being practiced by the people are arable and 

vegetable production, gari processing, oil milling, poultry, piggery, fishing, sericulture to 

mention a few. The Local Government area is the seat of Ibadan International Airport. 

4.3.3.5 Oluyole Local Government Area 

Oluyole Local Government is one of the oldest Local Government council in Oyo State with 

its headquarters situated at Idi-Ayunre Old Lagos/Ibadan road. It shares boundaries with four 

Local Government Areas within the Ibadan metropolis i.e; Ibadan South-West, Ibadan South-

East, Ona-Ara and Ido. It also shares borders with Ogun State through Egbeda-Obafemi, Odeda 

and Ijebu-North Local Government Areas. The Local Government was established in 1976 and 

it occupies about 4,000 km2. Its population according to the 2006 census was declared as 

202,725. The urban section of the Local Government comprises areas such as Lagos/Ibadan 

Express ROAD, Old Lagos road, New Garage, Orita Challenge, Odo-Ona Elewe where many 



 

104  

big companies such as British America Tobacco (BATCO), ROM Oil, Agrited, Jubaili Agro- 

limited (an agro-chemical company) and many others are situated. 

 

4.3.3.6 Eleyele Lake 

Eleyele lake is located on latitude 07 21’N and longitude 03 55’E in the city of Ibadan, Oyo 

state, Nigeria. It is a man-made lake and was constructed in 1942 by damming River Ona within 

Ibadan Metropolis, by the Oyo state government, purposely for the supply of pipe-borne water 

to Ibadan city and her environs. The wetland is a modified natural riverine wetland type with 

area of about 100 km2 including the catchment area. 

 

The elevation is surrounded by quartz-ridge hills towards the downstream section where the 

Eleyele dam barrage is located. A number of stream channels, among which some are located 

in three of the local government areas studied, serve as feeding / recharge streams to the Eleyele 

wetland basin and it has a reservoir storage capacity of 29.5 million litres. The wetland lowland 

areas are dominated by light forest, riparian wetland forest most of which had been impacted 

by human activities. The lake has a length of 240m across the Dam and a catchment area of 

323.7 km2 with a maximum water elevation of 9.0m and a total surface area of 162 hectares. 

The lake is 100 -150m above sea level with an average depth of 6.0m. Eleyele Lake is the only 

man-made lake in Ibadan metropolis and a very important inland water resource for the city 

and provides water for the city’s consumption and simultaneously used in controlling flood. 

Due to urbanization and industrialization, a lot of human activities have taken their toll in and 

around the lake environs. Eleyele Lake is significant to this study as lake sediments are known 

to be a deposit of contaminant residues including pesticides. Its proximity to agricultural fields 

and water ways also increases the chances of pesticides reaching the lake from agricultural run-

off. There has been reported use of banned organochlorine compounds such as lindane and 
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endosulfan in and around the area. These contaminants, especially pesticide residues could 

readily cause damage to the lake’s water quality and its aquatic population. 

 

The lake is important to the study because sediment analysis can provide physico-chemical and 

biological information on historical pesticide contamination in the surrounding area due to 

lakes’ dynamic role of integrating environmental effects into a continuous, high- resolution 

archive of local and regional change. This archival system is achieved through the continuous 

sedimentation process of the lake right from their formation be it natural or man-made 

Schnurrenberger et al. (2002). This is supported in literature by Sabatier et al. (2014) that 

explained the use of sediment analysis as a reconstruction tool to create a historical timeline of 

pesticide use in an agricultural ecosystem. Such analysis also provides information on level of 

pesticide residues present in the environment as it measures the nature and level of any 

chemical contamination within the environment and its’ persistence (Jacob and Resmi, 2014). 

 

The damage from pesticide contamination in and around the lake is also of particular 

importance because of its central location in the city. The study site is surrounded by Eleyele 

neighbourhood in the south, Apete in the east and Awotan in the north. Lake Eleyele is a source 

of recreational water as well as a source of cheap, affordable protein (Ayeloja et al., 2014) in 

the form of catfish (Clarias gariepinus), Africa pike (Hepsetus odoe) and tilapia fish 

(Oreochromis niloticus). The inhabitants around the lake are also predominantly vegetable 

crops farmers who use pesticides in their farming activities. This poses repercussion for the 

people who rely on the lake for their daily use. 
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4.4 Research methods 

This section describes the interdisciplinary methods adopted in this study and the justifications 

for methods of choice. It also contains a sub-section on ethical decisions and considerations 

that influenced the research design and methods.  

4.4.1  Natural science research 

As established in earlier sections, this study adopts an interdisciplinary approach to assessing 

and understanding pesticide impact on the environment, society, and economy. There are 

several ranges of benefits attached to pesticide use in agriculture such as increased agricultural 

productivity and reduced insect-borne disease (Ecobichon, 2001; Ochoa and Maestroni, 

2018)), however, it’s adverse effects on the environment, humans and livelihoods cannot be 

overlooked. Some of these damages include both short-term and long-term health effects 

(Wilson, 2000); elimination of beneficial predators of pests; adverse effects on fauna and flora 

(Ochoa and Maestroni, 2018). 

To answer research question on what impact pesticide use from UA has on the environment 

and other dimensions of sustainability, one of the objectives of this study was to create a 

historical and current profile of pesticide contamination in the study area as literature 

(Nwankwoala and Osibanjo, 1992) recorded the presence of organochlorine pesticides in 

Ibadan surface waters. As there are many ways in assessing pesticide use and its drivers, the 

scope of this study is focused on how much pesticide contamination we have in soil and 

sediments (environment). 

 

This section presents the natural science methods adopted in this study. Even though there are 

several ways to measure pesticide contamination in the environment, assessment methods in 

this study are limited to chemical and biological analysis of sediments and soil samples and 

radioactive dating (Pb-210) to assess both historical and current environmental contamination 

from pesticide use. These are direct field measurements which are the best way to assess 
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pesticide contamination (Bockstaller et al 1997). The rationale for overall methodology and 

research paradigm has been discussed in the philosophy section. This section therefore 

describes and justifies the quantitative methods adopted in exploring and explaining the extent 

of pesticide use in UA. To do this, the following specific objective is the focus of this section: 

 • an assessment of pesticide residues in the environment to create a historical and current 

state of pesticide contamination in Ibadan city. 

The objective is to use a chronological profile of both historical and current pesticide 

contamination in assessing how they impact on the environment as a dimension of 

sustainability. To achieve this specific objective, methods adopted entail in-situ soil and 

sediment sample collection from the lake and farms, laboratory assays and analysis. This 

section will therefore describe methods and justify approaches to meeting this research 

objective of assessing pesticide use, sediment, and soil and diatom analyses. Also, to better 

understand my choice of methods adopted in this study, this section will discuss different 

methods of measuring pesticide contamination and justify selected methods. This will display 

my awareness of other methods and explain reasons for not adopting them in this study. 

 

4.4.1.1 Assessment of pesticide contamination 

This section discusses the natural science methods used in answering research questions. These 

methods include soil pesticide analysis, sediment analysis, diatom analysis and Lead (Pb) 210 

dating aimed at assessing pesticide contamination in the environment. As reviewed in Chapter 

three, pesticide residue can be measured in the environment by chemical analysis, biological 

analysis, and radioactive dating. This is achieved in the study by carrying out chemical analysis 

of soils and sediments and biological analysis of diatoms in sediments. Sampling for pesticide 

residue from direct field measurements and onward use of chemical analysis provides an 

accurate assessment of pesticide contamination in the environment (Racke et al., 1997; Lehotay 
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&Cook, 2015). The use of chemical analysis through established methodologies such as mass 

spectrometry discussed in chapter three allows for presenting a true picture of environmental 

contamination. In like manner, sediment analysis serves a reconstruction tool to create a 

historical timeline of pesticide use in an agricultural ecosystem (Sabatier et al., 2014). In the 

case of this study, it allows for validation of continuous pesticide use amongst urban farmers 

in Ibadan, South-Western Nigeria. For example, Sabatier et al, (2014) in their studies using 

sediment analysis to assess pesticide use in a local vineyard, were able to produce results 

showing how farming practices affect pesticide transfer dynamics. They discovered that 

introduction of short stay post-emergence herbicide (glyphosate) led to a release of long-term 

immobilised DDT pesticide. Biological analysis adopts an indicator method to potentially 

diagnose pesticide contamination (Floch et al., 2011). 

 

As discussed in the literature review sections, studies into pesticides assessment in tropical 

environments especially from urban agriculture is mostly limited to theoretical conditions 

which do not account for variations that may occur under field conditions. These variations are 

attributed to high tropical temperatures under which pesticides dissipate quickly than in 

temperate environment (Racke et al. 1997; Moore et al., 2007). Pesticide use in Nigeria as a 

tropical environment is influenced by the environmental conditions suitable for proliferation 

of insect pests and weeds. The most prominent mechanisms for this acceleration in pesticide 

dissipation appear to be related to the effect of tropical climates and would include increased 

volatility and enhanced chemical and microbial degradation rates on an annualized basis. 

 

The soil is the main matrix for pesticide disposition and the bulk of residue are confined to the 

upper 5cm of the topsoil. They easily move from the surface when they are dissolved in runoff 

water, or when they percolate down through the soil. It is however unfortunate that these 
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pesticides and their break down compounds remain stable and persist for several decades in 

soils and sediments such that they can create new reactions that portend danger for the 

ecosystem and human health (Sabatier et al., 2014). 

 

Pesticides reach soil as a deliberate action or through precipitation and air drift from foliar 

spray. They persist as major deposits in soil and sediments in the environment over a long 

period of time by moving from treated area through soil, water, air, organisms and consequently 

affect non-target organisms in the ecosystem (Pimentel and Edwards, 1982; Vryzas, 2018).   

Their persistence and mobility are determined by the properties of the pesticide which in turn, 

are influenced by the soil environment, site conditions, weather, and application method (Kerle, 

Jenkins & Vogue, 2007). In soil, pesticides may persist for days, weeks or years depending on 

its’ chemistry and environmental conditions (Edwards, 1985; Kerle et al., 2007). Pesticides’ 

mobility as well as persistence is controlled by their adsorption into soil with organic matter 

and clay content/composition, soil minerals, soil pH and temperature playing an important role 

in this process (Pimentel and Edwards, 1982, Racke et al. 1997; Asogwa and Dongo, 2009; 

Moore et al., 2007). Pesticide use has been reported in several urban agriculture studies as one 

of the factors limiting the positive role urban agriculture could play in sustainable development 

(Stewart et al., 2013). It’s far reaching effects on the economy, society and environment has 

been documented in isolated studies, which is why this thesis is important as it studies pesticide 

impacts on these three sustainability dimension within a single study. 

 

Studies into pesticides in tropical soils under field conditions are limited and the few that exists 

contain inadequate experimental information for full interpretation. In one of these few studies, 

Nwankoala and Osibanjo (1992) identified Heptachlor, Endosulfan, Lindane and Dieldrin as 

priority pollutants in Ibadan waters while other organochlorines such as Aldrin, Endrin and 
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DDT were not detected. Similarly, study by Olutona et al. (2014) in Aiba reservoir in Iwo, a 

town in a neighbouring state reported low levels of Endosulfan, Dieldrin, Heptachlor and 

Chlordane in its sediments. This shows that pesticide properties influence persistence in the 

environment. 

 

As there are a wide range of pesticides used in UA and in limiting the scope of study, 

organochlorine and organophosphorus pesticides were the only group assessed because of their 

history of long-term persistence and toxicity (Onianwa, et al., 1999; Olufade et al., 2014).  

Organochlorines (OC) are a group of chlorinated compounds widely used as pesticides. They 

belong to the class of persistent organic pollutants (POPs) and characterised by high persistence 

in the environment (Jayaraj et al, 2016). OC insecticides were successfully used and still being 

used in control of malaria and typhus, despite being banned in most of the advanced countries 

(Aktar et al., 2009). Statistics on pesticide consumption shows that 40% of all pesticides used 

in the early 19th century through the early 20th century belongs to the organochlorine class of 

chemicals (Gupta, 2004;  FAO, 2005). Due to their low cost and the need against various pests, 

organochlorine insecticides such as DDT, hexachlorocyclohexane (HCH), aldrin and dieldrin 

are among the most widely used pesticides in developing countries of Asia (FAO, 2005; Gupta, 

2004; Lallas, 2001). 

 

OCPs have been used in Nigeria agriculture production in the 1980s up to the till the late 

1990s’, both for agricultural and public health purposes, with their residues been detected in 

water, sediments, vegetable crops, fish and in humans (Nwankoala and Osibanjo 1992)) 

Although the production and use of many types of OCPs have been severely limited in many 

countries including Nigeria, they are nevertheless still being used unofficially in large 

quantities in many parts of Nigeria and in other developing countries because of their 
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effectiveness as pesticides and their relatively low cost as well as inadequate regulation and 

management on the production, trade and use of these chemicals. They have been known to 

cause both health and environmental damages (Asogwa and Dongo, 2009). 

 

Organophosphates, though persists for only a short period time, is known for disruption of 

nerve function and eventual mortality due to its toxicity as it is readily absorbed through the 

skin, volatile and enzyme inhibitors (Sandoval-Herera et al., 2019). They irreversibly inhibit 

cholinesterase. This study therefore concentrates on organochlorines and organophosphates 

pesticide assessments because of their persistence in the environment. Due to the disruption to 

ecosystem services such as water and soil by pesticide run-off, persistence, and toxicity, one 

of the many impact of pesticides is its role in altering the structure of some ecosystem 

population, such as diatoms. This is because pesticides affect their species richness, 

assemblages, biological density, and diversity in lake sediments (Carvalho and Hance, 1993). 

Diatoms, which are freshwater algae (Rimet, 2011), are being used as an indicator of past and 

present ecological conditions of lakes (Hering et al., 2006; Stevenson et al., 2010; Pandey et 

al., 2017), and by extension can establish pesticide contamination (Morin et al. 2012; 

Stevenson et al. 2010; Stevenson 2014; Hirst et al., 2002) because they are highly sensitive to 

toxicants. In aquatic environment, organisms such as diatoms responds to pesticides that has 

been transported into water from agricultural run-off and falls to the bottom of the aquatic 

system, becoming part of the bottom sediment. Their sensitivity and responses to pesticides is 

therefore characterised by change in assemblages’ species-specific frustules (MacKay, 2007) 

which makes them useful as biological indicators in assessing pesticide contamination in 

sediment samples (Stevenson et al., 2010). Their well-preserved siliceous diatom frustules in 

lake sediments also make them valuable as bio-indicators in pollution assessment. 
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Studies has been carried out in Nigeria on diatoms as biological indicators of general pollution 

status which has been discussed in the literature review sections (Akinyemi, Nwankwo and 

Fasuyi, 2007) and other countries, both for general pollution and pesticide pollution assessment 

(Sudhakar, Jyothi and Venkateswarlu, 1994; Debenest et al., 2009, Namwaya, Raburu and 

Lubanga, 2013) using diatoms as bio-indicators of pollution status, no studies in Nigeria has 

adapted this tool to specifically assess pesticide pollution in the aquatic environment. Rimet 

and Bouchez (2010) described a method of using diatoms life- forms and ecological guilds to 

assess pesticide contamination in rivers. Lippiat (2005) also described a simple method of 

isolating and identifying diatoms which could then be used in conjunction with Rimet and 

Bouchez’s methods for assessing pesticide contamination. 

Following a review of these chemical and biological methods in the literature review section, 

with careful consideration of limiting factors which include time, practicality of method, ease 

of data comparison, safety and financial cost, a pesticide residue analysis in both soil and 

sediments were adopted for chemical analysis while diatom analysis was used as a possible 

bio-indicator for pesticide contamination. Figure 4.4 provides a graphical illustration of these 

methods and how it feeds into the research objectives. 
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Figure 4.4: Graphical Representation of research activities using natural science methods 

 

4.4.2 Sampling area 

In assessing contamination in the study area, a review of the movement of pesticides from soil 

to lake and the factors that influence its’ mobility and persistence in the environment was done 

in the literature review chapter. The review revealed the importance of soil type, climate, and 

geology and what influence it may have on pesticide contamination. Since an assessment of 

lake sediment will provide historical contamination, Eleyele Lake in Ibadan, Oyo state was 

purposively selected because it was right in the centre of the study area where urban agriculture 

is practised, and pesticide use had been recorded. 
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Historically, Oyo state was an agrarian society, where the residents of the rural areas are mainly 

into farming. However, with increasing urbanisation, the capital city Ibadan has lost most of 

its forest reserves to development and industrialisation. Ibadan is one of the many areas in the 

western, eastern and Northern Nigeria characterised by the presence of Precambrian basement 

complex composed of quartzite, quartz-schist, biotite-and-biotite- hornblende-gneiss as the 

main rock (Tijani et al., 2004 and Obaje, 2009). Though knowledge on relationship between 

geological characteristics and pesticide contamination is limited, Gasiorowski (2008) listed 

geomorphological characteristics as one of the factors that affect the deposition rate of lake 

sediments. These sediments harbour phytoplanktons which had aggregated, sank and are being 

preserved (Pandey et al., 2017). Topographically, Ibadan city is characterized by undulating 

terrain with quartzite ridge and Inselbergs of gneisses surrounded by adjoining plains (Tijani 

et. al, 2004). 

 

Different agricultural and industrial activities take place in this city, ranging from production 

to processing. However, as this study is concerned with urban agricultural production, with 

particular focus on small-scale agricultural production, crops grown include vegetables, maize, 

yam, plantain, okra, pepper, and ornamental plants. As most of these crops are high value crops, 

some pesticides are extensively used among which include insecticides and herbicides. 

 

Ibadan city is made up of 11 local government areas and for the purpose of this study, five of 

these areas were purposively selected as the sample area. These are Ibadan North, Ido, 

Akinyele, Ona-ara and Oluyole local government areas. Urban agriculture is practised in and 

around these areas as with the whole city. Eleyele Lake, a man-made lake, is surrounded by 

Ibadan North, Ido and Akinyele local government. The lake was created by clearing a 
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substantial forest reserve area and damming river Ona that runs along the Ona– Ara area with 

a catchment area of 323.7sqkm and an average depth of 6 metres. 

 

Sediment samples were therefore collected for pesticide residue analysis (to assess 

contamination from organochlorine pesticides); Lead 210 dating (for a chrono-static analysis 

of pesticide contamination) and diatom analysis (diatoms as biological indicators of pesticide 

contamination). Figure 4.5 shows the sample locations while tables 4.2 and 4.3 presents 

sampling points at which these samples were collected along the Eleyele Lake axis using a 

hand-held Garmin e-Trex GPS. 

Figure 4.5: Map of sediment and soil sample locations along Eleyele lake 

 

 

Table 4.2: Sediment sampling locations 

Sampling site Local Area Site coordinates 

ELY1 Eleyele 7°25'21.6"N 3°51'32.4"E 

ELY2 Alakuta/Awotan 7°25'28.6"N 3°51'33.8"E 

ELY3 Agbaje 7°25'57.3"N 3°52'13.4"E 

Source: Field survey, 2017 
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For soil sampling, two main farm settlements namely Mokola Barracks and Agbaje were also 

purposively selected because of their proximity to Eleyele lake and also because their streams 

drain into Eleyele lake. Sampling points were mapped using a hand-held Garmin e-Trex GPS 

on random farm plots within the farm settlements with two sampling points namely S1 and S2 

from Mokola Barracks and one sampling point S3 from Agbaje settlement (see table 4.3). 

 

 

 

Table 4.3: Soil sampling points 

Sampling site Local Area Site coordinates Elevation 

S1 Mokola Barracks 

upstream 

7°24'27.63"N 

3°52'29.89"E 

212m 

 

S2 
 

Mokola Barracks 

downstream 

 

7°24'30.04" N 

3°52'26.84"E 

 

203m 

S3 Agbaje 7°25'56.05"N 

3°52'13.05"E 

183m 

Source: Field survey, 2017 

 

4.4.3 Sediment and surface water samples’ collection and preparation 

This involved the collection of sediment samples and soil samples for pesticide analysis and 

Lead 210 dating. The initial sampling plan was to collect sediment cores from the middle, 

which was described in literature to be the most undisturbed and deepest part of the lake and 

may be the truest representative of the lake’s sediments, due to infrastructural challenges such 

as lack of equipment to safely navigate the lake, the samples were collected no farther than 1m 

from the bankside. Previous studies in the area relied on single grab sampling method or 

collection of surface water only by travelling across the lake in a make-shift canoe. Initial 

sampling was carried out in June 2016, and subsequent samplings were between July 2017 and 

August 2018. All these collections time were during the period of less rainfall activity when 
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the lake can be safely reached. 

Three different sample areas on the Lake were identified and mapped for sediment collection. 

Each Lake sediment sampling were mapped as ELY 1, ELY 2, and ELY 3 within a distance of 

1 m away from the bank side (see figure below and map of area). Six random replicates of 

sediment cores (to allow for sufficient sample size for sediment analysis, lead 210 dating and 

diatom analysis) were collected at each sampling location with a Russian gravity corer to an 

average depth of 45cm and 5cm diameter, as a discrete vertical sample. The gravity corer was 

slowly lowered to the substrate and allowed to penetrate the sediment under the samplers’ own 

weight and turned clockwise to seal in the core. The gravity corer was decontaminated between 

samples and replicates by washing in the water. Replicates were collected at each sample point 

to determine sample variability. Each core was transferred unto prepared PVC pipes and 

wrapped tightly with a cling film for a later sectioning. These were stored in iced coolers to 

preserve the integrity of the samples during transportation to the Laboratory. 

 

In-situ surface water samples were collected in pre-washed 500 ml plastic bottles at each 

sediment core collection point. These samples were also analysed on site for pH, temperature, 

total dissolved solids (TDS) and electrical conductivity (EC). 

  

4.4.4 Preparation and extraction 

Each sediment core and its replicates were sectioned from the top core into 1cm slices and put 

inside self-sealing bags, labelled and deep-freeze to preserve the samples for onward transport 

to the laboratory. After arrival at the laboratory, sediment samples were allowed to thaw under 

room temperature. After thawing, each section and its replicates were homogenised to form a 

single sample per section and per sample location. These samples were further divided for use 

in diatom and Lead 210 analysis. This generated 45 sections for Eleyele axis, 40 for 

Alakuta/Awotan axis and 43 for Agbaje axis. Each section represents a 1 cm layer of the 
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sediment core. These sections were later aggregated into 5cm layer samples up to the 25cm 

mark. 

 

4.4.5 Sediment pesticide analysis 

Some selected organochlorines and organophosphates were selected for analysis in the 

sediment samples sent to the laboratory. These compounds are: Aldrin, Dieldrin, DDT, 

Endosulfan, Endrin, Heptachlor, Heptachlor Epoxide, Dichlorvos, Dimethoate, Diazinon, 

Malathion and Parathion. They were purposively selected to assess pesticide contamination 

from banned organochlorines, organophosphates and Triazines. 

 

Some amount of sediment samples was extracted by Soxhlet extraction method for onward 

pesticide analysis as described by EPA method 3540 (USEPA, 2007). This is a solid phase 

extraction (SPE) process used for a wide range of analytes and suitable for organochlorine and 

organophosphate which are of interest in this study. A dried, sieved sediment sample (20 g) 

was weighed into extraction thimble and placed in a Soxhlet extractor. Extraction was done for 

about 10 hours using triple-distilled dichloromethane at a temperature of about 400C. The 

extract was concentrated by distilling off part of the solvent. The concentrated extract was then 

cooled to room temperature and then concentrated further to about 2mL under a stream of 

nitrogen gas of 99.99% purity. The reduced extract was preserved for chromatographic clean-

up using a silica gel prior to gas chromatography. 

 

4.4.6 Soil pesticide residue analysis 

Samples collected from random farm plots in Mokola and Agbaje farm settlements due to the 

amount of farming being carried out there. Two sampling areas were identified and selected at 

Mokola Barracks; and identified as S1 and SO2 at upstream and downstream locations 

respectively. For each sampling point, five discrete samples with three replicates were collected 
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upstream and downstream to provide a composite for each point. 

 

At Agbaje farm settlement, 5 discrete samples were also taken from 5 different points to 

produce a composite sample. These two sites were selected because of accessibility and 

respondents claim to use pesticides frequently. Soil samples and their replicates from the three 

different sampling locations were collected using a hand trowel at a depth of 0-20cm from the 

topsoil. These replicates were homogenised by mixing and air dried in aluminium foil papers 

before sending to the laboratory. 

 

Measurements taken in-situ are: pH, temperature, total dissolved solids (TDS) and electrical 

conductivity (EC). Water temperature (0C) readings were taken in situ using a mercury 

thermometer. pH, total dissolved solids (TDS), and EC (electrical conductivity) were measured 

using a portable Hanna pH/EC/TDS/temperature meter borrowed from the Federal college of 

forestry soil laboratory. 

 

4.4.7 Diatom Analysis 

For diatom sampling, the sediments were bulked into 5cm sections to generate 9 samples. 

However, because the lake area was fairly new (53 years old), and considering the rate of 

sedimentation was slow due to geomorphological characteristics of the lake (Obialor, Okeke, 

Onunkwo & Fagorite, 2019), diatom sampling was limited to the first 25cm depth of the core 

samples and therefore, samples were prepared for 5cm, 10cm, 15cm, 20cm and 25cm depths 

respectively. 

 

During preparation of the sample for diatom analysis, organic material and debris were 

removed through oxidation with Hydrogen peroxide (H2O2). 25 ml (per 2.5 g of sediment) of 

30% H2O2 was added to the sediment in the beaker and put inside a water bath mounted on 
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the hot plate at 1000c and gradually brought to boil. After cooling down for few minutes, the 

supernatant was poured out and the sediment washed thoroughly with distilled water into test 

tubes to remove all presence of H2O2, agitated to ensure homogeneity and subsequently 

centrifuged at 1500 rpm. After centrifugation, each test tube was appropriately labelled and 

stored in the fridge for mounting onto slides for diatom identification. The aliquot (fraction that 

was centrifuged contained silt that has settled with the supernatant containing diatoms) was 

collected with a pipette and placed on a slide and allowed to dry on the hot plate. After drying, 

each slide was mounted on a microscopic slide with Naphrax, a resin with a high refractive 

index to increase contrast when observing the diatoms. Identification and counting of diatoms 

was performed by scanning 10 parallels on each slide with a light microscope at a magnification 

of 1000x using a diatom key presented as figure 2. Species were identified based on the shape 

and size of the frustule (the shell), the number and orientation of striae (the rows of pores or 

punctures in the frustule), the structure of the raphe (a slit along the long axis of the valve), and 

any other specialized structures associated with the particular genus under an electron 

microscope. 

 

4.4.8 Lead 210 dating 

Given the age of the lake, Lead-210, a naturally occurring isotope, is used in this study to 

provide a sediment chronology for sediments between 0-150 years (Appleby, 2002). This 

method   was   chosen   as   chronology   could   be   used   to   assess   historical pesticide 

contamination in the study area. 210Pb dating was undertaken using the gamma spectrometry 

technique as described by Appleby (2002) read radioactive signals for 210 Pb and other Uranium 

isotopes with a typical detection limit of 0.4 Bq/kg. Samples at 1, 2, 3, 4 and 5 cm depths were 

dried in the oven for 24 hours and the dried samples packed into petri dishes and left to 

equilibrate for three weeks and then counted on a High Purity Germanium (HP-Ge) gamma 

spectrometry system. Radionuclides such as 210Pb, 226Ra, 137Cs, 7Be, 228Ra, 228Th, 238U and 241 
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Am were measured simultaneously. 

 

4.5 Social science research 

This section describes social science methods used in meeting research objectives. It entails 

both social quantitative (farmer survey) and qualitative (interviews, focus group discussions 

and key informant interviews) research methods. It presents and discusses the social science 

methods employed in this study. As established in earlier sections, this study adopts a mixed 

methods research approach which as described by Driscoll et al. (2007) are procedures that 

include collecting and analysing both quantitative and qualitative data in the context of a single 

study. It employs strategies of inquiry that involve collecting data either simultaneously or 

sequentially to best understand research problems. The data collection also involves gathering 

both numeric information such as surveys as well as text information in form of interviews so 

that the overall data represents both quantitative and qualitative information. This mixed 

methods approach allowed for triangulation of data between quantitative and qualitative 

methodologies involving questionnaire surveys, semi- structured interviews, focus group 

discussions and unstructured observations on pesticide assessment (Thomas, 2014). 

 

4.5.1 Quantitative data collection and analysis -questionnaire survey 

This section describes the rationale for using questionnaire survey to assess pesticide use, 

patterns, and behaviours among sample population of urban agriculture practitioners. 

Questionnaire survey is a quantitative research method that provides empirical evidence on a 

subject of interest through oral or written questioning (Sarantakos, 2008). In this study, surveys 

provide evidence of pesticide use, patterns, knowledge, and behaviour amongst small-scale 

urban farmers through a written survey form (Denscombe, 2010). This survey established the 

prevalence and intensity of pesticide use and allowed for thematic analysis between pesticide 
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use and farmer characteristics provided information used to generate social qualitative research 

questions to further explore factors driving the use of pesticides and understand the limitations 

to good agricultural practice. However, a limitation of this design in quantitative study is its 

ambiguity in establishing causal influence (Bryman, 2004). The questionnaire schedule used 

in this study is presented in appendix 1. 

 

4.5.1.1 Participant selection 

As stated earlier in the study area section, local government areas were purposively selected 

because of their urban characteristics and proximity to Eleyele Lake which was the primary 

site for sediment collection. Within each local government area (Ido, Akinyele, Ibadan North, 

Oluyole and Ona-Ara), fifty respondents were pre-determined for the questionnaire survey on 

pesticide use in Ibadan. All efforts to get a register of farmers in the study area proved abortive. 

Therefore, farm settlements, farmer field schools and farmers’ association meetings were 

visited, and a snow-balling technique was adopted in identifying and selecting participants for 

the study. 

Snowball sampling is defined as a technique for finding research subjects where one subject 

provides the researcher with the name of another subject, who in turn provides the name of a 

third, and so on (Atkinson and Flint, 2001). The technique is often used in hidden populations 

which are difficult for researchers to access; especially where there is a dearth of data or 

information. In the case of this study, I purposively attended a farmer field school’s fortnightly 

meeting to administer questionnaire survey. Also, areas with high concentration of farm land 

and farmers were selected in the early hours of the morning to conduct the survey. The 

advantage of this technique is the increase in credibility of research, as participants are involved 

in the research process whilst disadvantage include possible researcher bias as it involves 

deliberate choices. For instance, the study was more interested in small-holder farm 
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practitioners and as such they were mostly approached. Therefore, the participant selection 

process was not random but a purposive sampling method. 

 

4.5.1.2 Questionnaire design 

As there is no reliable existing data on pesticide consumption in Nigeria to use as secondary 

data, the aim of the survey was to provide a baseline data (primary data) on characteristics of 

respondents, pesticide use practice, perceptions, and motivations for pesticide use. Data were 

collected through face-to-face questionnaire survey with 190 urban farmers, from five urban 

local government area of Ibadan Municipality on their farms and farmers’ group meeting. 

Detailed description of the study area has been provided in the methodology section. The 

questionnaire was designed in English and administered in English, Yoruba and Pidgin English 

depending on the language spoken by individual respondents. It included both closed and open-

ended questions and pre-tested with 20 farmers. The closed questions were in a multiple-choice 

format so that respondents had to select only the appropriate answer or answers that best 

described their opinion or attitude on an issue. 

 

Prior to administering the survey, preliminary activities which included a pilot enquiry; 

establishing relationships with Oyo state agricultural department, and farmers’ associations and 

key informants such as pesticide dealers were carried out. This allowed me to establish 

relationship with the extension/liason officers in charge of farmer field school. It also provided 

me the opportunity to carry out a pilot enquiry of the questionnaire survey with few farmers 

and few key informant interviews. These activities were important for assessing and improving 

the suitability of the data collection instruments (survey questionnaires and interviews (Kvale, 

1996; Gerson; May, 2001; Horowitz, 2002). They indicated the necessary amendments 

required and crucial areas to note, especially in relation to the question structure, the type of 
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approach best suited and even cultural norms which influenced the process of data collection. 

 

The questionnaire was structured into five sections derived from the themes of the literature 

review set out in the research/conceptual framework in chapter two (see table 2.2). The first 

section was designed to collect background information on characteristics of the farmers 

including age, educational level, and main occupation, type of farming, years of farming 

experience and decision-making role. The second and third sections collected information on 

pesticide use and good agricultural practice aimed at assessing farmers’ knowledge of 

pesticide, farmers’ level of awareness of pesticide laws and regulations, storing and disposing 

of pesticides and empty containers, and use of PPE and other protective practices during and 

after pesticide application. The fourth and fifth section focused on perceptions, motivations, 

and economic consideration for pesticide use. 

 

I recruited the help of two research assistants (a colleague at the Federal College of Forestry 

and a Laboratory staff) and had a one-day training session to introduce them to the background 

of the study, familiarise them with the questionnaire and ensured that they understand the 

questionnaire wording, especially when asking the questions in the local dialect. 

 

4.5.2 Qualitative methods 

In this study, quantitative and qualitative methods were combined to assess social and 

demographic characteristics, goals and level of knowledge which may be relevant to 

understanding farmers’ decision to use or not to use pesticides and also to discover patterns 

and themes to their decision-making process. 

 

In this case, data were collected sequentially as the questionnaire survey is structured to provide 

empirical evidence of pesticide use and assist in identifying patterns of use, types of pesticides, 
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knowledge of these products and good agricultural practice; and reasons for use/disuse while 

the interviews and focus group discussions were used to explore and try to explain the patterns 

and therefore develop key themes pertaining to pesticide use. 

4.5.2.1 Interviews and Focus groups 

The interviews and focus group discussions were used to explore and try to explain the patterns 

and therefore develop key themes pertaining to pesticide use. Open-ended questions about 

pesticide use and practice were identified drawing on the survey results (see Box 1 in results 

chapter). The survey analysis (details below) identified patterns of pesticide use, and reasons 

for use/disuse as well as the extent of knowledge and motivation about good agricultural 

practice, the interviews and focus groups aim to explain these patterns. Investigating the 

reasons for farmers’ overuse necessitated in-depth qualitative- type investigation which was 

capable of yielding explanatory type data to produce more illuminating results (Punch, 2004). 

4.5.2.2 Interviews 

Twenty in-depth interviews were conducted across the study areas. Initially, it was planned 

that five interviews will be conducted in each local government area of the study area to arrive 

at a total of twenty-five interviews. However, due to timing and availability of interviewees, 

only 20 were conducted and transcribed. The interviewees were purposively sampled on 

pesticide use/non-use (3 pesticide user and 1 non-user); gender (2 males and 2 females) and 

availability (not all farmers approached for interview were available for a sit- down) from the 

survey pool to increase variability. All participants were interviewed individually using a 

structured questionnaire in English, Yoruba, and pidgin (local dialects). There was no need for 

translation when interviewing the respondents as the researcher speaks the languages. The 

questions were structured in such a way that it provides single answers or multiple answers. 

 

The pesticides used by respondents were classified according to the WHO Recommended 
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Classification of Pesticides by Hazard, classification used to distinguish the more and less 

hazardous forms of pesticides from each other based on the acute risk to human health, ranging 

from extremely hazardous (class Ia), highly hazardous (class Ib), moderately hazardous (class 

II), slightly hazardous (class III) to unlikely to present acute hazards (class U). 

 

Each interview session took between 30 minutes to 1 hour and were conducted on the farms, 

during farmers’ field school sessions and in offices. All interview sessions were carried out by 

this researcher and were recorded for later transcription with notes made about the 

interviewees’ non-verbal responses, as well as observations of pesticide practice when this 

happened. The interview sessions started with a brief background of the respondents to 

correspond with previous information acquired during the survey. Their ability to produce the 

same response validated the reliability of the interviewee and hence continued with the 

interview. 

 

4.5.2.3 Focus group discussions 

The same method used to recruit participants for interviews was also adopted in the recruitment 

of focus group discussion participants. This is because of conflicting time schedule of farmers. 

Therefore, only three separate focus group sessions were carried as other farmers recruited 

failed to turn up for the remaining two sessions. Data from questionnaire survey was used to 

design an interview schedule guide (see in appendix) used in moderating the sessions. 

 

4.5.3 Data handling and analysis 

The survey data was entered into an Excel worksheet, revised, and transferred to SPSS version 

24. All data were coded, entered into Microsoft Office Excel 2016 worksheet (Microsoft 

Corporation, Redmond, WA, USA) and transferred to SPSS version 20 (SPSS Inc., Chicago, 

IL, USA) for analysis. The data was analyzed using statistical methods including simple 
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frequency analysis, descriptive results were expressed as frequencies and percentages, and the 

Chi-square test (χ2) was used to measure the possible association between nominal variables. 

All the statistical analyses were performed at the significance level of 0.05. 

 

The interviews and Focus group discussions (FGD) were transcribed from phone records and 

field notes by myself. Interview and focus group discussion analyses were carried out using 

transcripts and identifying recurring themes from discussions and interviews with participants’ 

which were structured around the main topics of the interview and analysed. As most farmers 

could not classify pesticides according to use and toxicity classes, I re-coded their responses 

by identifying the commercial products to pesticide type and WHO toxicity classes. 

 

4.5.4 Research Ethics 

Though an ethical assessment was not formally required at the time of this study, this research 

was guided by ethical principles of establishing valid scientific methods, minimizing risks in 

reasonable proportion to potential benefits to the study, protecting the privacy of research 

participants, maintaining objectivity as a researcher and an awareness of appropriate legislation 

in study area as highlighted in the Univeristy’s Research Ethics Handbook of Principles and 

Procedures (updated version, 2020). 

 

In ensuring that valid scientific methods are used, it was mandatory to submit a research design 

form (RD1) to the Faculty Research Degree Committee of the University of Gloucestershire 

for approval. The RD1, which included a summary of an assessment of my research training, 

proposed plan of work, significance of research, proposed research methods and a temporal 

calendar of research was assessed by the committee and approved for field study. This is a vital 

ethical procedure as the assessment was based on the validity of scientific methods and 

potential benefits to the research community and participants.  
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During field research, samples and surveys were conducted in compliance with health and 

safety protocols to avoid harm to myself, research assistants and participants. For instance, core 

sediments were designed to be collected from the middle of Eleyele Lake, however, with 

limited access to safe infrastructure, sediments samples were collected no more than 1 metre 

away from the bank to ensure safety. I adhered to the rule of informed consent with survey and 

interview participants by providing them with information on what the research entails 

(objectives).  Whilst most of the respondents use pesticides as it has helped them cut losses to 

pests and diseases by up to 40% (Oliviera et al., 2014), I understood that farmers or pesticide 

dealers may be reluctant in revealing some practices that are deemed illegal, e.g., use of banned 

products. 

It was therefore important to identify and assess how to handle the ethical issues associated 

with the use of pesticides and how farmers’ position might influence their responses on the 

field. Most of the consequences of pesticide use pose both ethical and legal dilemma and 

sometimes difficult to balance the positive and negative impacts, especially with most users 

(farmers) appreciating the benefits that accrue from pesticide use for their bottomline (profits). 

During interview sessions, I assured respondents of confidentiality when they spoke about 

banned products which they use/sell.  

 

Aside the ethics of scientific validity, informed consent and risk minimization, I had to make 

some situational decisions on the field when interacting with the participants. For instance, 

some groups of farmers initially refused to participate in the research on the premise of past 

experiences. The mentioned that they feel marginalized because their expectations from past 

participation in studies similar to the current one were not met. They implied that I am a 

representative of the Governement and therefore not interested in taking part. Government 
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hostility was seen amongst several respondents and I had to explain my position as an 

independent researcher and that this study is academic, and results will be shared publicly. 

Also, I had transactional dealings with a group of respondents where their participation in the 

study was in return for a training facilitated by me on pesticide training. To avoid bias and not 

to compromise their current understanding of the research, I ensured they completed the 

surveys before I carried out the training during their association meeting. This experience 

provided me with the opportunity to educate them on pesticide safety and alternatives to 

pesticide use. 

 

Whilst this research is borne out of my ontological position on the misuse of pesticides, I did 

not allow this to cloud my line of questioning during fieldwork, especially with respondents 

who reported their own misuse and continued use or selling of banned products. It was 

important to have a deep insight of what drives the use and as such, I tailored my line of 

questioning to answer the research question. Overall, this study was carried out with respect 

for research rules and participants and ensuring all line of questioning were significant to the 

research objectives.  
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Chapter Five 

Natural Science Results and Discussions 

Natural science, does not simply describe and explain nature; it is part of the interplay 

between nature and ourselves. 

-Werner Heisenberg 

5.1 Introduction 

This chapter presents the results and discussions of pesticide analysis carried out on soil and 

sediments samples collected during field studies. The overall aim of this chapter is to meet 

research objectives two and three which are: to develop and use methods to quantify residual 

pesticides in soil and sediments; and create a current profile of pesticide use in Ibadan from 

UA. This profile is used in understanding the possible impacts of pesticide use in UA on 

dimensions of sustainable development which is the conceptual framework on which this study 

is based. In order to meet the two objectives highlighted above, chemical analysis, radioactive 

and biological analyses of soil and sediments were carried out. The determination of OC 

residues in sediments and soil may give an indication of the extent of aquatic contamination 

and accumulation characteristics of these compounds in a tropical ecosystem. This will 

contribute towards understanding the behaviour and fate of these persistent chemicals in 

tropical environments like Nigeria. The rationale behind these choices has been explained in 

the methodology section of chapter three with results and discussions of these analyses 

presented below. 

 

5.2 Physico-chemical characteristics of sampling areas 

As persistence and degradation of pesticides in the environment are dependent on its chemistry 

and environmental conditions, table 5.1 presents the mean values of water and sediment 

temperature, pH, EC and TDS. An in-situ measurement of the lake’s water and sediments’ 
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temperature across all sample points range from 30.2 - 30.8 0C and 28.1 – 28.5 0C respectively. 

Also, pH across all sampling areas confirmed the surface waters and sediments as near neutral 

to slightly alkaline with a range of 6.9 to 7.1.  Electrical conductivity of both water and 

sediments range between 292- 433 µs/cm whilst total dissolved solids ranged between 198-310 

mg/l. 

Table 5.1: Physico-chemical parameters of Eleyele lake water and sediments 

 

 

Parameter (mean values) 

 

 

Eleyele 
axis 

 

 

Awotan 
axis 

 

 

Agbaje 
axis 

*Limit for 

discharge 

into 
water/Lan

d 

Water 
    

Temperature (0C) 30.8 30.5 30.2 
<40 

pH (0-14) 7.1 7.2 7.1 6-9 

Electrical conductivity (µs/cm) 320 338 292 na 

Total dissolved solids (mg/l) 212 219 198 
2000 

Sediments     

Temperature (0C) 28.5 28.1 28.3 
<40 

pH (0-14) 6.9 7.0 6.9 6-9 

Electrical conductivity (µs/cm) 433 380 362 na 

Total dissolved solids (mg/l) 310 298 302 2000 

Source: Field data, 2016, * FEPA, 1991 environmental guidelines 

 

According to the guidelines and standards for environment pollution control in Nigeria 

produced by Federal environmental protection authority (FEPA, 1991), all physico- chemical 

properties were all within the range prescribed. Omotoso et al. (2011) in their analysis of 

Eleyele lake water provided average pH, total dissolved solids, and electrical conductivity 

measurements as 7.655 (0-14), 227.17 mg/l and 327.19 µs/cm respectively. The values 

obtained in this study are consistent with values reported by Omotoso et al. (2011). Also, the 

measurements in this study are within World health organization’s acceptable levels for potable 

water in this study area (WHO, 2011). Similarly, Olayinka et al. (2017) in their assessment of 
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pollution status of Eleyele Lake water reported a pH range of 6.0 - 7.5 and therefore in 

agreement with the values found in this current study. However, their mean electrical 

conductivity and total dissolved solid values were reported to be in the range of 205-221 µs/cm 

and 105-113 mg/l respectively. These values differ from those obtained in this study (table 5.1) 

but electrical conductivity values are still within the range of 250-344 µs/cm reported by Tijani 

et al. (2012) in their study of impact of urbanisation on Eleyele wetland. 

 

The relationship between changes in pH and the adsorption and degradation of ionisable 

pesticides has been reported (Kah & Brown, 2007). According to Villaverde et al. (2008), 

pesticide breakdown occurs faster at a high pH for pesticide formulations that are degraded by 

micro-organisms since microbial activity is often greater in weak alkaline conditions. The near 

neutral to slightly alkali condition reported for Eleyele Lake in this study indicates a possible 

effect of pH on soil organic matter preservation and decomposition which lead to slow 

degradation of organic matter (Idowu et al., 2013) such as dead diatoms to which pesticide 

residues may have been bonded (Seymour et al., 2018). This is significant as pesticide residues 

in this lake may persist longer than if the lake was strongly acidic as degradation is greater 

under acidic conditions (Zulkefli et al., 2019). This persistence in alkali soils due to a longer 

pesticide degradation process results in toxicity (Villaverde et al., 2008). In contrast to the 

weak alkali soils a found in this study, degradation of pesticide in acidic soil may reduce 

toxicity but some pesticides have breakdown products that are more toxic than the parent 

compound (Kah & Brown, 2007). 

 

However, the possible influence of high temperature recorded in this study on degradation 

cannot be overlooked as Pimentel & Edwards (1982) and Cyon and Piotrowska-Seget (2006) 

stated that an increase in temperature leads to a faster rate of degradation because of its 
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influence on moisture condition. A moisture condition influenced by high temperature 

produces a high level of microbial activity, allowing for a low adsorption of pesticides to 

different soil particles, and therefore, a faster degradation process (Cyon and Piotrowska- 

Seget, 2006; Arbeli and Fuentes, 2010). The physico-chemical profile of samples in this study 

suggests condition for rapid rate of degradation exists in the study area. 

 

5.3 Soil and sediment residue 

This study assessed only organochlorine and organophosphates pesticide among other types of 

pesticides. The decision is informed by studies such as this is because, organochlorines though 

banned, have been reported to be in continued use especially in developing countries like 

Nigeria (Ecobichon, 2001, Edwards 2003). Also, studies have shown that organophosphates 

also persist in sediments long after their application on their intended targets (Cembranel et al., 

2017). Table 5.2 presents the current residue levels of seven OCPs (Aldrin, Dieldrin, DDT, 

Endosulfan, Endrin, Heptachlor and Heptachlor epoxide) and five OPs (Dichlorvos, 

Dimethoate, Diazinon, Malathion and Parathion) in sediment samples from three sample 

locations (see Fig. 4.5 in chapter 4) along Eleyele Lake in Ibadan, south-western Nigeria. 

Eleven pesticide analytes of the twelve analytes were detected in the lake sediments with Aldrin 

found to be below detection limit (BDL). 
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Table 5.2: Mean levels of pesticide residue in sediments (mg/kg)  

Analytes Eleyele axis Awotan axis Agbaje axis 

Aldrin BDL BDL BDL 

Dieldrin 0.022 0.0191 0.01913 

DDT 0.0212 0.0191 0.0193 

Endosulfan 0.015 0.01897 0.019 

Endrin 0.015 0.013 0.01307 

Heptachlor 0.02 0.012 0.012 

Heptachlor epoxide 0.0225 0.022 0.022 

Dichlorvos 0.016 0.01 0.01 

Dimethoate 0.016 0.01007 0.01013 

Diazinon 0.016 0.02197 0.022 

Malathion 0.016 0.022 0.022 

Parathion 0.016 0.02197 0.0219 

Source: Fieldwork and laboratory analysis, 2017; BDL: Below detection limit 

Current pesticide residue profile of Eleyele lake sediment indicated a below detection limit for 

Aldrin which is expected because of its’ rapid volatilisation into its’ stable form, Dieldrin, after 

application, usually between volatilization from water surfaces is expected to be attenuated by 

adsorption to suspended solids and sediment in the water column. Residue levels for OCPs in 

sediments range between 0.01 - 0.022 mg/kg. There are no previously reported studies into 

sediment analysis for pesticide residue in Ibadan aside from this current study. However, 

Nwankwoala and Osibanjo (1991) in their baseline study of organochlorine pesticide residues 

in Ibadan surface waters reported a non-detectable limit for DDT in Eleyele waters but found 

varying levels (µs/cm) of Aldrin (0.003), Heptachlor (0.135), Heptachlor epoxide (0.009), 

Endosulfan (0.01) and Dieldrin (0.094). These values are close to those obtained in sediments 

analysed in this study (table 4.2) with the exception of Aldrin which was below detection limit. 

This was expected for Aldrin because of its’ rapid transformation into Dieldrin, which is more 

stable in the environment. DDT, though not detectable in Nwankwoala and Osibanjo’s (1991) 

study, this current research recorded its’ presence in sediments which confirms the highly 

persistent nature of this particular organochlorine pesticide in the environment even long after 
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it has been banned or disused (Hodgson, 2012). 

 

Similar studies into pesticide residue in sediments in other Nigerian cities and towns but with 

locational and topographical differences such as Adeboyejo et al. (2011), Williams (2013), 

Idowu et al. (2013), Akan et al. (2015), Olafisoye et al. (2016) and Adesina et al. (2019) all 

carried out residue analysis of organochlorine pesticides in sediments as part of their studies. 

Adeboyejo et al. (2011) in their studies on pesticide residues across three sampling points in 

Lagos Lagoon found levels lower to those obtained in this present study for the following 

analytes:  Dieldrin, Endrin, Endosulfan and Heptachlor.  The values (mg/kg) for Dieldrin, 

Endrin, Endosulfan and Heptachlor are in the order of 0.0005<0.02, 0.0156<0.013 and 

0.007<0.02. This noted difference could be attributed to additional bio-accumulation of 

pesticides after a given time period. 

 

Also in Lagos, William (2013) analysed a shallow creek for organochlorine residues during the 

dry and wet seasons and detected Aldrin, Dieldrin, Endrin, Endosulfan and DDT among other 

analytes. During the wet season, which is the same season at which samples were collected for 

this study, the analytes were at levels lower than this study’s figures. In the eastern part of the 

Nigeria, Unyimadu et al (2019) found high levels of different organochlorine residues along 

sampling points on river Niger. Olafisoye et al (2016) in their determination of the level of 

pesticides in sediment and water from the Lagos Lagoon detected high levels of organochlorine 

pesticides, excluding DDT in both sediments and samples. However, in this study, DDT was 

present in sediment samples. The presence of DDT in Ibadan sediment, though in small levels, 

is a possible indication of continued use of the banned product in fishing. According to Ntow 

(2005), the DDT residues may have come from various pesticide‐rich sources such as 

agriculture and households in the control of vectors. The natural processes of leaching and run‐
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off create an enabling environment for the transfer of this DDT residue into the Lake 

(Konstantinou et al., 2006). 

 

Study on pesticide residues in Volta Lake, Ghana which is man-made like Eleyele Lake, by 

Ntow (2005), revealed the presence of organochlorine residues that included DDT and 

endosulfan. According to Ntow (2005), the DDT and endosulfan residues were believed to 

have originated from various pesticide‐rich sources, mainly agricultural and household uses. 

The natural processes of leaching and run‐off create an enabling environment for the transfer 

of these residues to the lake. Similarly, in studies on persistent organochlorine pesticide 

residues in sediments from Lake Bosomtwi, Ghana by Darko et al. (2008), Lindane, 

Endosulfan, Aldrin, Dieldrin and DDT were found at ranges between 0.00018 - 0.000055 

mg/kg. Canbay et al (2014) in their analysis of Golcuk National Park Lake sediments and water 

in Turkey found no pesticide residues which the author attributed to the organochlorine ban 

and effective monitoring of these compounds in the area since the seventies. Their result 

suggests that organochlorine persistence can gradually whittle down to zero level if effective 

enforcement of ban is pursued through education, training, and monitoring. Dieldrin is a highly 

persistent organochlorine insecticide, used extensively on different crop types until its’ ban that 

was widely used on a variety of crops for several decades until 1970, and for termite control 

until 1987 (ATSDR, 2002). In a postmortem study by Fleming et al. (1994), dieldrin was 

detected in 6 of 20 brains from Parkinson disease (PD) patients, but in 0 of 14 controls, and 

importantly in only 1 of 7 with Alzheimer's disease (AD)—demonstrating a specificity for PD. 

 

Table 5.3 presents the residue levels of five organophosphate (OPs) pesticides in soil samples 

taken from two farm locations. Due to the topographical characteristics of Barracks farm 

settlement, a composite sample was each collected upstream and downstream respectively 
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while the third sample was taken from Agbaje farm settlement. Four organophosphate analytes 

were detected while Parathion was below detection level. 

 

Table 5.3: Mean levels of Organophosphate pesticide residue in soil (mg/kg)  

Analytes Agbaje Barracks Upstream Barracks Downstream 

 
DDVP 

 
0.016 

 
0.01 

 
0.01 

Dimethoate 0.016 0.01007 0.01013 

Diazinon 0.016 0.02197 0.022 

Malathion 0.016 0.022 0.022 

Parathion BDL BDL BDL 

  

The results are significant for this study since sediments are a source of contamination that 

release pesticides to the surrounding environment and aquatic organisms (Zhang et al., 2013). 

It also confirms that watershed sediments such as Eleyele Lake will continue to release these 

contaminants into the next century (Moore et al., 2007). In assessing impacts of pesticides in 

urban agriculture on sustainable development, the levels of organochlorine residues found has 

the potential to accumulate in aquatic organisms and further transported through bio-

accumulation in food chains. For instance, Eleyele Lake is a fishing spot and a source of potable 

water for Ibadan city. The bio-accumulation of residues could lead to contamination of drinking 

water. Not only that, it could contaminate aquatic organisms such fish and edible crustaceans 

(Ozkara et al., 2016). As they are very resistant to degradation which is evidenced in the 

presence of DDT in sediments, they could trigger neurological condition and cancer in human 

due to their high carcinogenic effects (Zhang et al., 2013). All these potential problems would 

affect the health of the population and negatively impact on social and economic standards. 
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5.4 Lead 210 analysis 

Figure 5.1 presents the result of gamma spectrometry carried out to 5cm depth of sediment 

samples. Low signals of radiation were detected and therefore, further analysis could not be 

carried out. This is because chronology of sediments consists of two major parameters; the age 

of the sediment and burial depth within the sediment (Kosnik et al., 2015). In this study, cores 

were only collected up to 45cm depth. Also, considering that the lake under study is less than 

a 100 years old, the young sediment age could play a part in the poor signal detected during 

analysis. The second key parameter, time-averaging, is the amount of time represented in a 

sedimentary deposit, or stratigraphic unit (Flessa et al. 1993; Kowalewski 1996). While the 

mean age of a sedimentary assemblage is important, it is the age distribution of the constituents 

within the sedimentary sample, or time-averaging, which fundamentally limits the temporal 

resolution of a given deposit. Quantifying time- averaging is time- and resource-intensive, so 

although it is of utmost importance for understanding the processes underlying nearly all 

paleontological and sedimentological investigations, few studies date a sufficient number of 

specimens to quantify the age distribution. 

 

The radionuclide 210Pb (half-life 22.26 y) occurs naturally as a member of the 238U decay 

series (Yang & Appleby, 2016). A fraction of the inert gas 222Rn, a product of 226Ra decay 

(half-life 1602 y) in soils, escapes to the atmosphere where it decays via a series of short- lived 

radionuclides to 210Pb. 210Pb atoms in the atmosphere are readily attached to airborne 

particles which are quickly removed to land surfaces and water bodies by wet and dry 

deposition. Fallout 210Pb accumulating in soils and sediments is called unsupported 210Pb, to 

distinguish it from the supported 210Pb that derives from in situ decay of the parent 
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radionuclide 226Ra. The unsupported 210Pb will decay to near-zero concentrations over a 

period of around six 210Pb half-lives (~130 years). Supported 210Pb, which will usually be in 

radioactive equilibrium with 226Ra, is determined by measuring the 226Ra activity of the 

sample. Unsupported 210Pb is determined by subtracting the supported activity from the 

measured total 210Pb activity. 

 

Figure 5.1: Gamma spectrometry of sediment samples at different depths 

 

5.5 Diatom analysis 

Table 5.5 presents the diatom taxa identified and counts. A total of 15 taxa groups were 

identified in the study. To use diatoms as indicator of pollution, a general diatom index of 200 
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and above is required but none of the diatom species identified in this study had that count. 

However, the presence of Melosira granulata at every 5cm of the sediment core is interesting. 

This is because Melosira is a colonial and high profile diatom (Table 5.6) which is tolerant to 

pollution. 

Table 5.5: Diatom identified and count data in Eleyele Lake 
  

Diatom Taxa 

 
ALA_1 

 
ALA_2 

 
ALA_3 

 
ELY_5 

 
ELY_10 

 
ELY_15 

1 Aulacoseira (Melosira) granulata 
 

- - 1 1 6 

2 Gomphonema sp  - - - - 2 

3 Gyrosigma spenceri    1  2 

4 Navicula menisculus      2 

5 Eunotia veneris      2 

6 Tabellaria sp.  1    1 

7 Navicula sp.    2 1  

8 Navicula cuspidata var. ambigua    1  1 

9 Navicula holophila    1  1 

10 Navicula monodi    2   

11 Surrirela sp.    1 1 1 

12 Synedra goulardi 1   4 2 1 

13 Navicula interrupta var. jocutata    1   

14 Cyclotella meneghiana    5 1 1 

15 Nitzchia sp.  1  1 2 1 

16 Eunotia exigua 1 1   1  

15 Pinnularia debesi     5  

18 Eunotia sp.     1  

19 Eunotia pectinalis minor      1 

20 Gomphonema lanceolatum     1 1 

21 Tabellaria      2 

22 Synedra ulna      1 

23 Melosira granulate 1  10 37 1 24 

24 Gomphonema parvulum    4   

25 Achnathes exigma var. constricta    1   

26 Pinnularia interrupta    3   

27 Gomphonema gracile  3     

28 Eunotia lunaris  1     

29 Pinnularia acrosphaeria var. dubia   1    

30 Cocconeis placentula       

31 Gomphonema cuspidate    3  2 

32 Craticula cuspidate    8  5 

 

An ecological guild is a group of taxa that live in the same kind of environment but may have 

had to adapt in different ways in order to survive there (Debenest, 2012). In Debenest (2012), 
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Passy (2007) defined three ecological guilds namely, the high profile guild, low profile guild 

and Motile guild. Table 5.6 shows the different taxa identified in this study in their ecological 

guild. The low profile guild is characterised by short stature and very slow-moving while the 

high profile includes tall and filamentous species. The third guild is the motile one, which are 

fast moving (Passy, 2007 in Debenest, 2012). 

Table 5. 6: Diatoms identified according to Ecological guilds 

Ecological 

guilds 

 
Taxa composition 

 
Low profile 

Cyclotella meneghiana, Achnathes exigma var. constricta, Cocconeis 

placentula 

 

High profile 

Aulacoseira (Melosira) granulata, Gomphonema sp, Eunotia veneris, 

Tabellaria sp. 

 
Motile 

Gyrosigma spenceri, Navicula menisculus, Navicula sp.,Surrirela 

sp.,Craticula cuspidate 

Adapted from Debenest, 2012 

 

5.6 Conclusions 

This natural science study assessed pesticide contamination in form of residue presence in the 

Ibadan city. The results showed the presence of residues in soils and sediments sampled but 

could not tell the extent of historical contamination due to limited results generated from the 

diatom and Pb-210 analyses. However, this study reveals that residue of organochlorines still 

persists in the environment despite its’ ban. 
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Chapter Six 

Social Science Results 

I want to understand the world from your point of view. I want to know what you know in the 

way you know it. I want to understand the meaning of your experience, to walk in your shoes, 

to feel things as you feel them, to explain things as you explain them. Will you become my 

teacher and help me understand?” 

― James P. Spradley 

6.1. General Introduction 

This chapter present results of the social science methods employed in chapter four to assess 

pesticide use in urban agriculture. This chapter is two-fold: the first part presents all the 

quantitative results generated from questionnaire surveys while the second part presents 

qualitative results from focus group discussions, interviews, and key informant interviews. 

These methods have been explained in detail in chapter 4. The structure of the chapter is as 

follows: section 6.2 presents results of the survey data on farmer/farm characteristics and 

pesticide usage respectively while section 6.3 presents the qualitative data from interviews and 

FGDs on pesticide usage. 

 

Overall, this chapter reports on variables concerning the incidence of pesticide use in the study 

area, the factors driving its use with particular focus on the dimensions of SD. It presents the 

statistical results generated from the questionnaire surveys carried out to establish the incidence 

of pesticide use and also explore farmers’ pesticide use pattern from a sample population of 

190 producers across Ibadan major urban areas with the intention to discussing these findings 

within the objectives of this research. 

6.2 The questionnaire survey analysis: farmer and farm characteristics 

The data is collected from five different local government areas of Ibadan city (Akinyele 

L.G.A, Ibadan North L.G.A, Ido L.G.A, Ona-Ara L.G.A AND Oluyole L.G.A), with a total 



 

143  

sample of 190 (n=190). The results are presented for individual L.G.As’ and total sample 

population. Results are reported for individual L.G.A where variation exists. 

6.2.1 Respondents’ characteristics 

Respondents’ socio-economic characteristics which include age, gender, educational status, 

main occupation, membership of farmers’ organisation and decision-making role are 

important in understanding their actions, behaviours, attitude, knowledge and decision- 

making in their practices of urban agriculture. This section describes the characteristics of 

these variables. Table 6.1 presents gender, age, highest educational qualification and main 

occupation of the respondents while Table 6.2 presents survey results on decision making role 

and membership of farmers’ organisation. Table 6.3 presents the statistical distribution of 

respondent characteristics of the whole sample population. 
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Table 6.1: Respondents’ demographic characteristics 

    Local Government areas     

Characteristics Variables Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

  N=50 % N=50 % N=50 % N=36 % N=4 % N=190 % 

Gender 
Male 34 68.0 32 64.0 38 76.0 27 75.0 3 75.0 135 70.5 

Female 16 32.0 18 36.0 12 24.0 9 25.0 1 25.0 56 29.5 

Age 

15-20 2 4.0 3 6.0 0 0.0 0 0.0 0 0.0 5 2.6 

21-30 6 12.0 5 10.0 4 8.0 2 5.6 0 0.0 17 8.9 

31-40 9 18.0 11 22.0 7 14.0 8 22.2 0 0.0 35 18.4 

41-50 22 44.0 23 46.0 13 26.0 6 16.7 2 50.0 64 33.7 

51-60 9 18.0 7 14.0 17 34.0 14 38.9 2 50.0 49 25.8 

>60 2 4.0 1 2.0 9 18.0 6 16.7 0 0.0 20 10.5 

Education 

No formal Schooling 5 10.0 6 12.0 4 8.0 2 5.6 0 0 17 8.9 

Primary School 

Uncompleted 5 10.0 6 12.0 3 6.0 0 0.0 0 0.0 14 7.4 

Primary School 

completed 12 24.0 10 20.0 8 16.0 10 27.8 1 25.0 41 21.6 

Secondary School 17 34.0 17 34.0 8 16.0 7 19.4 1 25.0 50 26.3 

College/University 

completed 11 22.0 8 16.0 24 48.0 15 41.7 2 50.0 60 31.6 

Post-graduate  0 0.0 3 6.0 3 6.0 2 5.6 0 0.0 8 4.2 

Main Occupation 

Farming 31 62.0 38 76.0 41 82.0 24 66.7 3 75.0 137 72.1 

Self-employed 4 8.0 9 18.0 5 10.0 9 25.0 1 25.0 28 14.7 

Public service 15 30.0 2 4.0 2 4.0 3 8.3 0 0.0 22 11.6 

Private service 0 0.0 1 2.0 2 4.0 0 0.0 0 0.0 3 1.6 

Field survey, 2016 
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Table 6.2: Farmers' characteristics (Decision maker and membership of farmers’ organization) 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

N=50 % N=50 % N=50 % N=36 % N=4 % N=190 % 

Decision maker 
Yes 49 98.0 47 94.0 43 86.0 22 61.1 4 100.0 165 86.8 

No 1 2.0 3 6.0 7 14.0 14 38.9 0 0.0 25 13.2 

Member of farmers' 

organization Yes 
26 52.0 25 50.0 39 78.0 26 72.2 3 75.0 119 62.6 

No 24 48.0 25 50.0 11 22.0 10 27.8 1 25.0 71 37.4 

Farm organization 

aFarmers’ Ass. 10 20.0 15 30.0 10 20.0 5 13.8 2 50.0 42 22.1 

Market Co-op 16 32.0 10 20.0 29 58.0 21 58.3 1 25.0 77 40.5 

No association 24 48.0 25 50.0 11 22.0 10 27.8 1 25.0 71 37.4 

Farmers field school 
Yes 19 38.0 13 26.0 16 32.0 2 5.6 4 100.0 54 28.4 

No 31 62.0 37 74.0 34 68.0 34 94.4 0 0.0 136 71.6 

Field survey, 2015 
a. Farmers association 

            

Table 6.3: Statistical distribution of Respondents’ Characteristics 

Characteristics 

N Minimum Maximum Mean Std. Dev  Skewness      Std.E  

       

Gender 190 1 2 1.29 .457 .908 .176 

Age 190 1 6 4.03 1.210 -.358 .176 

Highest educational level 190 1 6 3.77 1.325 -.586 .176 

Main occupation 190 1 4 1.43 .758 1.618 .176 

Valid N (listwise) 190       
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6.2.1.1 Gender 

The gender distribution of respondents does not conform to a normal distribution at d.f (190) 

=0.908, p<0.05. This is the case in each local government, which showed more men participate 

in urban agriculture within the study area and across all sample populations. Figures 6.1a and 

6.1 b. is the bar-chart and pie-chart of gender distribution across the local government areas 

and the sample population as a whole respectively.  

 

Figure 6.1a. Gender distribution by Local Government Areas 

n=50 for Akinyele, Ibadan North and Ido LGAs while n=34 for Ona-Ara and Oluyole LGAs 

 

Figure 6.1b: Total gender distribution of sample population (n=190) 
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6.2.1.2 Age 

The age of respondents was captured as a continuous and categorical data. Age groups were in 

the ordinal format of 15-20; 21-30; 31-40; 41-50; 51-60; and >60 and coded as 1, 2, 3, 4, 5 and 

6 respectively, with 1 = 15-20, up to 6 = >60.  Descriptive analysis showed the mean code for 

age as 4.03 and a negative skewness of -0.358 (p<0.05) which implies the majority of farmers 

in the study area are between the ages of 41 and 50 years (33.7%, n= 190) across all local 

Government areas, while the 15 to 20 years’ age group (2.6%) was the least. Figure 6.1c below 

presents a chart showing the age distribution of the respondents.  

 

Figure 6.1c. Age distribution of Respondents 
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6.2.1.3 Main occupation 

City living is associated with white collar jobs and therefore it was necessary to ask respondents 

what their main occupation is. This is categorised in the survey to simplify data collection 

process as farming, self-employment (any job aside from farming), public service (employed 

in the public sector) and private service (employed in the private sector). Table 6.1 showed the 

distribution of respondents’ occupation, which shows that 72.1% of total respondents indicated 

farming as their main occupation, implying that their main source of income is farming. 14.7% 

of sample population identified themselves as self-employed in other business other than 

agriculture with 11.6% and 1.6% of sample population working within the public and private 

sector respectively. Figure 6.2 shows a graphical representation of respondents by occupation. 

 

 

Figure 6.2a: Distribution of respondents by main occupation, n=190 

  

72.1

14.7

11.6

1.6

Distribution of respondents by main occupation (%)

Farming

Self-employed

Public service

Private service



 

149  

 

6.2.1.4 Educational status 

The educational status of all respondents was assessed by categorising data according to the 

highest level of education attained and presented in Figure 6.2b. The categories are no formal 

schooling (8.9%), primary school uncompleted (7.4%), primary school completed (21.6%), 

secondary school completed (26.3%), college/university completed (31.6%) and postgraduate 

completed (4.2%).  Statistics also revealed that of all respondents, men were more educated 

than their female counterparts. 

 
Figure 6.2b: Distribution of Highest educational qualification attained by respondents 
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operative societies while 37.4% do not belong to any organization. 28.4% of respondents 

indicated their regular attendance at a farmers’ field school. Also, across L.G.As, there is a 

variation in membership of organisations. Ido, Ona-Ara and Oluyole has high statistics in 

membership of organisation. This variation could be because these areas recently became 

highly urbanized. This variation will be discussed in the discussion section. 

6.2.2 Farm Characteristics  

Data on farm characteristics which include farm size, farming purpose, type of farming, and 

land tenure status are presented in tables 6.4 and 6.5. These characteristics are important as 

they potentially shape farm decisions and exert influence on pesticide choices.  

6.2.2.1 Farming purpose, experience, and farm size 

Urban agriculture can be practiced solely as a household venture, commercial venture, or a mix 

of both. These different scales of practice showed the contribution of UA to social and 

economic needs. While some practice it solely for sustenance, another group practice it as a 

source of livelihood and the third group, practice both sustenance and for additional income. 

Consequently, respondents were asked to indicate the purpose for which they farm, and these 

were categorised in the survey as: household consumption, commercial venture or consumption 

and commercial mix. Farming experience and farm size were also considered for subsequent 

assessment of its relationship to pesticide use. Farming experience was categorised in the 

survey as 1-2 years, 3-5 years, 6-10 years, 11-15 years, 16-20 years and above 20 years, while 

farm size was categorised as <1, 1-2, 3-5, 6-10 and >10 plots. The results are presented in table 

6.4 and provide an overview of these characteristics by L.G.A and as a percentage of the total 

sample population. 
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Table 6.4: Farm Characteristics (Farming purpose, experienceand farm size) 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

N=50 % N=50 % N=50 % N=36 % N=4 % N=190 % 

Farming Purpose 

HOUSEHOLD 

CONSUMPTION 
5 10.0 3 6.0 9 18.0 6 17.0 4 100.0 27 14.0  

COMMERCIAL 16 32.0 25 50.0 24 48.0 12 33.0 0 0.0 77 41.0 

HOUSEHOLD 

AND 

COMMERCIAL 

29 58.0 22 44.0 17 34.0 18 50.0 0 0.0 86 45.0 

Farm size 

<1 PLOT 0 0.0 2 4.0 0 0.0 4 11.1 0 0 6 3.2 

1-2 PLOTS 9 18.0 11 22.0 9 18.0 10 27.8 2 50.0 41 21.6 

3-5 PLOTS 9 18.0 13 26.0 16 32.0 11 30.6 2 50.0 51 26.8 

6-10 PLOTS 6 12.0 14 28.0 14 28.0 8 22.2 0 0.0 42 22.1 

>10 PLOTS 26 52.0 10 20.0 11 22.0 3 8.3 4 100.0 50 26.3 

Farming 

experience 

1-2 YRS 8 16.0 9 18.0 7 14.0 8 22.2 1 25.0 33 17.4 

3-5 YRS 7 14.0 5 10.0 12 24.0 10 27.8 1 25.0 35 18.4 

6-10 YRS 4 8.0 7 14.0 7 14.0 4 11.1 1 25.0 23 12.1 

11-15 YRS 11 22.0 18 36.0 7 14.0 2 5.6 1 25.0 38 20.0 

16-20 YRS 10 20.0 8 16 4 8.0 6 16.7 0 0 29 15.3 

>20 YRS 10 20.0 3 6 13 26.0 6 16.7 0 0 32 16.8 

Field data, 2016 
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The survey results in table 6.4 reveals 45.8% of sample population practice urban agriculture 

solely as a commercial venture while 44.2% do it for combined commercial and consumption 

purposes; and 10.0% for consumption purpose only. This signifies farmers practice UA both 

for social and economic needs as only 10% of the sample practice it solely for sustenance.  The 

purpose for which UA is practiced could influence their pesticide use, especially where almost 

all practitioners produce for economic gain.  

Farm sizes ranged from a single plot to more than 10 plots (a plot=50 feet by 100 feet) with 

24.8% of total respondents having a plot size of ≤2 plots. 48.9% of the respondents had farm 

sizes between 3-10 plots while 26.3% had more than 10 plots each. This variation in farm size 

could also influence pest management. Respondents’ farming experience assessed in years are 

presented as 17.4% (1-2 years), 18.4% (2-5 years), 12.1% (6-10 years), 20.0% (11-15 years), 

15.3% (16-20 years) and 16.8% above 20 years. With over 50% of the sample having over 10 

years’ experience, the significance of this degree of experience would be discussed in the 

discussion section. 

 

6.2.2.2 Type of farming and land tenure status 

Table 6.5 presents the results of questions about respondents’ land tenure status and type of 

farming practised. Data shows a mixed range of farming types are practised by respondents 

which could be dependent on the scale or need type. However, 72.3% of total sample 

population are involved in vegetable farming, with the remaining proportion in livestock, 

agroforestry, ornamental horticulture and aquaculture at 16.6%, 7.5%, 2.8% and 0.8% 

respectively (Figure 6.3).  Land tenure status is defined by direct ownership, rented, farmers’ 

association, Government-owned, streambanks and undeveloped land and distributed as 30.1%, 

19.1%, 3%, 34.6%, 1.8% and 11.4% respectively.  
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Table 6.5: Farm Characteristics (Type of farming and Land Tenure Status) 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

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

Type of 

farming 

VEGETABLE/ARABLE 
44 62.0 49 79.0 50 79.4 36 73.5 4 50.0 183 72.3 

LIVESTOCKc 
9 12.7 8 12.9 10 15.9 11 22.4 4 50.0 42 16.6 

AQUACULTURE 1 1.4 0 0.0 0 0.0 1 2.0 0 0.0 2 0.8 

HORTICULTUREb 7 9.9 0 0.0 0 0.0 0 0.0 0 0.0 7 2.8 

AGROFORESTRY 10 14.1 5 8.1 3 4.8 1 2.0 0 0.0 19 7.5 

TOTAL 71 100.0 62 100.0 63 100.0 49 100.0 8 100.0 253 100.0 

Land tenure 

status 

OWNED 0 0.0 1 1.2 38 34.5 36 63.2 3 42.9 100 30.1 

RENTED 16 22.0 1 1.2 23 20.9 20 35.1 3 42.9 63 19.1 

FARMERS' ASSOC. 9 12.5 0 0.0 0 0.0 1 1.8 0 0.0 10 3.0 

GOVERNMENT 16 22.2 50 58.1 49 44.5 0 0.0 0 0.0 115 34.6 

STREAMBANK 2 2.8 4 4.7 0 0.0 0 0.0 0 0.0 6 1.8 

UNDEVELOPED LAND 
7 9.7 30 34.9 0 0.0 0 0.0 1 0.1 38 11.4 

TOTAL 72 100.0 86 100.0 110 100.0 57 100.0 7 100.0 332 100.0 

aResponses are analysed as a dichotomous group tabulated at the value of 1 

b Ornamental Horticulture, c Livestock include poultry and small ruminants. 
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Figure 6.3: Proportion of farming types in UA amongst sample population 

 

6.2.3 Pesticide use: Respondents’ characteristics and behaviour  

One of the research objectives is to explore factors that determine farmers’ pesticide use/non-

use and therefore, respondents were asked to indicate the nature and extent of pesticide use. 

This section presents survey results on these behaviours which include pesticide use/non-use, 

reason for use, time of pesticide application and how long they have been applying pesticides 

on their farms. Tables 6.6 and 6.7 presents an overview of pesticide use where 88% of 

respondents indicated pesticide use. 
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Table 6.6: Types of pesticides used by farmers 

aType of pesticide 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

N=50 % N=50 % N=50 % N=36 % N=4 % N=190 % 

Insecticides 47 25.4 44 31.0 43 34.9 29 20.1 4 16.6 167 27.0 

Herbicides 30 16.2 22 15.5 20 16.3 29 20.1 4 16.6 105 17.0 

Fungicides 45 24.3 30 21.1 20 16.3 29 20.1 4 16.6 128 20.7 

Nematicides 30 16.2 20 14.1 18 14.6 20 13.9 4 16.6 92 14.9 

Acaricides 15 8.1 10 7.0 10 8.1 20 13.9 4 16.6 59 9.5 

Rodenticides 15 8.1 10 7.0 5 4.1 10 6.9 4 16.6 44 7.1 

Not applicable 3 1.6 6 4.2 7 5.7 7 4.9 0 0.0 23 3.7 

a Multiple response provided by respondents. 
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Table 6.7: Pesticide use and behaviour 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

No.a % No.a % No.a % No.a % No.a % No.a % 

Do you use 

pesticides 

Yes 47 94.0 44 88.0 43 86.0 29 80.6 4 100.0 167 87.9. 

No 3 6.0 6 12.0 7 14.0 7 19.4 0 0.0 23 12.1 

aWhat purpose 

do you use it 

for 

Pest control 36 25.0% 41 27.9% 45 32.4% 24 30.8% 3 37.5% 149 29.4 

Increase yield 28 19.4% 25 17.0% 25 18.0% 9 11.5% 1 12.5% 88 17.0 

Improved 

storage 
27 18.8% 31 21.1% 22 15.8% 14 17.9% 1 12.5% 95 18.4 

Improve 

quality of 

produce 

16 11.1% 18 12.2% 10 7.2% 7 9.0% 2 25.0% 53 10.3 

Precautionary 

use 
34 23.6% 26 17.7% 30 21.6% 18 23.1% 1 12.5% 109 36.8 

Not applicable 3 2.1% 6 4.1% 7 5.0% 7 7.7% 0 100.0% 23 4.4 

aWhen do you 

apply pesticide 

Pre-planting 11 10.9 30 24.8 5 6.3 18 29.0 4 50.0 68 18.3 

Growing stage 47 46.5 44 36.4 43 54.4 29 46.8 4 50.0 167 45.0 

Just before 

harvesting 
35 34.6 40 33.0 25 31.6 7 11.3 0 0.0 107 28.8 

Storage and 

transportation 
4 3.9 2 1.6 0 0.0 0 0.0 0 0.0 6 1.6 

Not applicable 4 3.9 5 4.1 6 7.6 8 12.9 0 0.0 23 6.2 

How long have 

you been using 

it 

<2 Years 7 14.0 7 14.0 6 12.0 4 11.1 1 25.0 25 13.1 

>5 Years 14 28.0 12 24.0 15 30.0 7 19.4 2 50.0 50 26.3 

>10 Years 11 22.0 16 32.0 11 22.0 6 16.7 0 0.0 44 23.1 

 >15 Years 14 28.0 10 20.0 12 24.0 11 30.5 1 25.0 48 25.3 

  Not applicable 4 8.0 5 10.0 6 12.0 8 22.2 0 0.0 23 12.1 
aResponses are analysed as a dichotomous group tabulated at the value of 1 
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6.2.3.1 Type of pesticides, application timing and purpose of use 

Figure 6.4a shows the percentages of each pesticide type being used by respondents. 

Insecticides is the most common choice of pesticide with respondents. 

 

Figure 6.4a: Pesticides used by farmers 

 

Figure 6.4b presents a graphical representation on what respondents indicated they use 

pesticides for, which is mainly for pest control. Some also indicated increased yield, improved 

storage, improved quality of produce and precautionary use as other reasons for use.  

 

Figure 6.4b: Purposes for which pesticides are used 

* Responses are analysed as a dichotomous variable (n=167) 
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Figure 6.4c presents a pie-chart on time of pesticide application, which shows 50% of pesticide 

users apply pesticides mainly during the growing season and 30.7% right before harvesting. 

 

Figure 6.4c: Stages of pesticide application 

Figure 6.4d presents data on how long respondents have been using pesticides on their farm 

indicating that 85% of pesticide users have been using pesticides at more than five years.  

 

Figure 6.4d: Duration of pesticide use 
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6.2.3.2 Respondents’ characteristics and use 

In relation to pesticide use, the gender distribution of respondents, presented in Figures 6.5a 

and b suggests there are more male pesticide users (69.5%, n=167) as compared to non- 

pesticide users (78%. n=23). This conforms to the male-female distribution of the sample 

population. 

 

 

Figure 6.5b: Pesticide non-user by gender 
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Figure 6.5a: Pesticide user by gender 
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Figure 6.5c shows the distribution of pesticide users by age where n=167 i.e., the total number 

of pesticide users. It shows highest pesticide user by age group are those between the age 41 

and 50 years. 

 

Figure 6.5c: Pesticide use by age 

 

Figure 6.5d shows pesticide use/non-use (n=190) according to farming experience where 

farmers with more than 10 years of experience use pesticides more than other groups. However, 

the majority of farmers with less experience are pesticide non-users.  

 

Figure 6.5d: Pesticide use by farming experience 

Table 6.8 presents pesticide use grouped by highest education level and it can be seen that of 
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and university. It is evident that more farmers who were highly educated used pesticides as 

compared to those with low formal qualifications. However, statistically there was no 

significant correlation between educational status and pesticide use (table 6.9). 

Table 6.8: Distribution of pesticide use grouped by highest educational qualification 

 

Figures 6.6a and b presents farmers’ awareness of other pest control methods aside from 

chemical control methods. 57.6% of respondents declared an awareness of other pest control 

methods. A small proportion of respondents are aware of integrated pest control method.   

  

Characteristics Variables 

Pesticide use 

Yes No 

Frequency Percentage Frequency Percentage 

Education 

No formal 
Schooling 14 82.4 3 18 

Primary School 
Uncompleted 14 100 0 0 

Primary School 
completed 35 85.4 6 15 

Secondary school 
completed 45 90 5 10 

College/University 
completed 52 86.7 8 13 

Post-graduate  7 87.5 1 13 

Total 167   23   
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Figure 6.6a: Awareness of other pest control methods  

  

Figure 6.6b: Types of pest control methods aside from chemical control 

 

6.2.3.3 Relationships between pesticide use and respondents’ characteristics 

Table 9 presents the correlation coefficients between pesticide use and respondents’ 

characteristics at p<0.01. It can be seen that there is no statistically significant relationship 

between respondents’ characteristics and pesticide use.  

  

57.4

42.6

Awareness of other pest control methods (%, n=190)

Aware of other methods Not aware of other pest control methods

27%

50%

23%

Types of other pest control methods (n=245)

Biological control Cultural control Integrated pest management



 

163  

Table 6.9: Correlations between pesticide use and respondents’ characteristics 

 Pesticide use 

Gender Pearson Correlation .063 

Sig. (2-tailed) .388 

N 190 

Age Pearson Correlation -.032 

Sig. (2-tailed) .661 

N 190 

Highest educational level Pearson Correlation -.004 

Sig. (2-tailed) .956 

N 190 

Main occupation Pearson Correlation .103 

Sig. (2-tailed) .159 

N 190 

 

6.2.4 Good agricultural practice and farmers’ knowledge 

Respondents’ good agricultural practice regarding pesticide use was assessed by asking them 

questions on purchase of pesticides, record keeping, training or information received on 

pesticide handling and safety. Other questions concerned pest control advice, equipment used 

in applying pesticides, personal protective equipment, disposal of pesticide residue and 

packaging, storage of pesticide products. 

Table 6.10 presents responses on how pesticides are applied, use of personal protective 

equipment, disposal of pesticide residues and packaging, and storage of products. 70.6% of 

pesticide users indicated they use backpack sprayer machines while 12.6% and 16.8% of the 

remaining pesticide users indicated watering cans and buckets respectively (see Figure 14). 

The results also show that 87% of respondents had no access to or an idea of what a personal 

protective equipment is. However, 54.5% of total respondents indicated that they cover their 

body and face with cloth while 39% and 5.9% cover face with cloth and no protection 
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respectively. This level of protection suggests an awareness of the impact of pesticides to them 

during application.  

 

Figure 6.7a: Types of equipment used by respondents to apply pesticide 

 

 

Figure 6.7b: Protective clothing worn by pesticide users 
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Table 6.10: Respondents’ good agricultural pesticide practice  

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

RESPONSES % RESPONSES % RESPONSES % RESPONSES % RESPONSES % RESPONSES % 

How do you apply 

pesticides 

Sprayer 

machine 
34 68.0 30 60.0 30 60.0 20 55.6 4 100.0 118 62.1 

Watering 

can 
7 14.0 6 12.0 4 8.0 4 11.1 0 0.0 21 11.1 

Bucket and 

bowl 5 10.0 9 18.0 10 20.0 4 11.1 0 0.0 28 14.7 

Not 

applicable 

4 8.0 5 10.0 6 12.0 8 22.2 0 0.0 23 12.1 

Do you use full 

personal 

protective 

equipment? 

Yes 0 0.0 1 2.0 0 0.0 0 0.0 0 0.0 1 0.5 

No 46 92.0 44 88.0 44 88.0 28 77.8 4 100.0 166 87.4 

Not 

applicable 

4 8.0 5 10.0 6 12.0 8 22.2 0 0.0 23 12.1 

aHow do you 

discard residues 

and containers 

On site 35 49.9 23 37.1 19 26.0 21 51.2 2 11.3 65 35.3 

Dump 12 16.4 16 25.8 25 34.2 7 17.1 4 75.0 52 28.3 

Burning 22 30.1 18 29.0 23 31.5 5 12.2 2 11.3 48 26.1 

Not 

applicable 

4 3.6 5 8.1 6 8.2 8 19.5 0 0.0 19 10.3 

How do store your 

products? 

On site 13 38.5 15 30.0 10 20.0 11 30.5 4 100.0 53 27.9 

In storage 

boxes 

18 36.0 12 24.0 9 18.0 3 0.0 0 0.0 42 22.1 

Shed 15 30.0 18 36.0 25 50.0 14 0.0 0 0.0 72 37.9 

Not 

applicable 

4 8.0 5 10.0 6 12.0 8 0.0 0 0.0 23 12.1 

aResponses are analysed as a dichotomous group tabulated at the value of 1 
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Farmers’ storage and disposal behaviour were also assessed. 31.7% of farmers store their 

products in unsecured places on site, 25.2% in storage boxes while 43.1% store theirs in a shed 

(Figure 6.7c).  Respondents also discard residue and containers using a combination of on-site 

disposal, dump, and burning at 39.4%, 31.55 and 29.1% respectively (Figure 6.7d). 

 
Figure 6.7c: Storage of pesticides    Figure 6.7d: Disposal of pesticides 
 

   

With respect to accessing knowledge and advice, Table 6.11 shows where respondents 

purchase their products, what training, information, or pest control advice they might have 

received, whether they read label instructions and if their neighbours behave the same way they 

do. 

Most respondents purchase their products from multiple sources which include agro-dealers 

(42.6%) and retailers (50.3%). Analysis shows that 58.9% of all respondents had never received 

training or information on pesticide handling and safety while the 41% had received training 

at one point or the other during occasional workshops or farmer field schools. Also, 50.5% of 

pesticide users indicate they do not read or follow label instructions while the remaining 

pesticide users do not.  Pest control advice is not limited to one source for all respondents, but 

the majority (57.2%) rely on pesticide dealers to give them pest control advice. 76.8% of 
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respondents also indicated that their friends and neighbours who practice UA also handle 

pesticides in the same manner that they do. 
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Table 6.11: FARMERS' KNOWLEDGE ON PESTICIDES' GOOD AGRICULTURAL PRACTICE 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

RESPONSES % RESPONSES % RESPONSES % RESPONSES % RESPONSES % RESPONSES % 

aWho provides 

you with pest 

control advice 

Extension 

agents 
2 3.4 3 3.5 5 8.1 2 3.9 0 0.0 12 4.5 

Pesticide 

dealer 
42 72.4 47 55.3 30 48.4 28 54.9 4 50.0 151 57.2 

Neighbours 10 17.2 30 35.3 23 37.1 15 29.4 4 40.0 82.0 31.1 

Media 4 6.9 5 5.9 4 6.5 6 11.8 0 0.0 19.0 7.2 

Have you 

received training 

or information 

on pesticide 

handling and 

safety 

Yes 11 22.0 15 30.0 25 50.0 26 72.2 1 25.0 78 41.1 

 

No 
39 78.0 35 70.0 25 50.0 10 27.8 3 75.0 112 58.9 

Where did you 

receive training 

Farmers’ 

field school 
4 36.4 5 41.7 15 46.9 10 35.7 1 100.0 35 41.7 

Workshops 6 54.5 7 58.3 10 31.3 18 64.3 0 0 41 48.8 

Extension 

workers 
0 0.0 0 0.0 7 21.9 0 0.0 0 0 7 8.3 

 Media 1 9.1 0 0.0 0 0.0 0 0.0 0 0 1 1.2 

aWhere do you 

purchase your 

products? 

Agro-dealers 42 48.3 42 44.7 20 26.7 25 35.2 4 50.0 133 39.7 

Retailers 36 41.4 47 50.0 40 53.3 30 42.3 4 50.0 157 46.8 

Extension 

Outlets 
2 2.3 0 0.0 5 6.7 4 5.6 0 0.0 11 3.3 

Street 

vendors 
3 3.3 0 0.0 4 5.3 4 5.6 0 0.0 11 3.3 

Not 

applicable 
4 4.6 5 5.3 6 8.0 8 11.3 0 0.0 23 6.9 

Do you read 

label 

instructions 

Yes 20 40.0 15 30.0 18 36.0 14 38.8 4 100.0 71 37.4 

 No 26 52.0 30 60.0 26 52.0 14 38.8 0 0.0 96 50.5 

 Not 

applicable 

4 8.0 5 10.0 6 12.0 8 22.3 0 0.0 23 12.1 

Do your friends 

and neighbour 

behave the same 

way about 

pesticides 

Yes 40 80.0 42 84.0 38 76.0 22 61.1 4 100.0 146 76.8 

 

No 
10 20.0 8 16.0 12 24.0 14 38.9 0 0.0 44 23.2 

aResponses are analysed as a dichotomous group tabulated at the value of 1 
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6.2.5 Perceptions of respondents on pesticide use 

Respondents were asked to give their opinions on benefits and deleterious effects of pesticide 

which were classified into: pest control, increased profit, improved storage, promotes good 

farm management and no opinion for benefits of pesticides. For deleterious effects, responses 

were grouped into: natural enemies’ mortality, water pollution, air pollution, harmful to labour, 

harmful to people and animals, pesticide poisoning, reduced profit, and resistance to chemical 

control. 

Table 6.12 presents multiple responses of respondents on their perception of pesticide. 33.2% 

of all responses show the primary benefit of pesticides that farmers’ value is as pest control. 

32.3% of responses indicated that respondents believe it also helps in increasing profits while 

33% stated it promotes good farm management. 
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Table 12: Perceptions on pesticide 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

RESPONSESa % RESPONSESa % RESPONSESa % RESPONSESa % RESPONSESa % RESPONSEa % 

Opinion on 

benefits of 

pesticides 

Pest control 49 32.5 50 33.6 50 33.6 36 33.3 4 33.3 189 33.2 

Increased profit 46 30.5 49 32.9 49 32.9 36 33.3 4 33.3 184 32.3 

Improved 

storage 
7 4.6 0 0.0 0 0.0 0 0.0 0 0.0 7 1.2 

Promotes good 

farm 

management 

48 31.8 50 33.6 50 33.6 36 33.3 4 33.3 188 33.0 

No opinion 1 0.7 0 0.0 0 0.0 0 0.0 0 0.0 1 0.2 

Opinion on 

deleterious 

effects of 

pesticides 

Natural enemies 

mortality 
33 9.7 42 11.3 34 9.4 25 9.4 4 12.5 138 10.1 

Water pollution 34 10.0 37 9.9 42 11.7 25 9.4 4 12.5 142 10.3 

Air pollution 40 11.7 50 13.4 50 13.9 36 13.5 4 12.5 180 13.1 

Harmful to farm 

labour 
50 14.7 50 13.4 50 13.9 36 13.5 4 12.5 190 13.8 

Harmful to 

people and 

animal 

50 14.7 50 13.4 44 12.2 36 13.5 4 12.5 184 13.4 

Pesticide 

poisoning 
41 12.0 50 13.4 44 12.2 36 13.5 4 12.5 175 12.8 

Reduce profit 49 14.4 50 13.4 50 13.9 36 13.5 4 12.5 189 13.8 

Resistance to 

control 
44 12.9 44 11.8 46 12.8 36 13.5 4 12.5 174 12.7 

Why use 

pesticides if 

harmful 

Affordable 48 17.8 41 16.0 36 14.3 25 14.7 4 16.7 154 15.8 

Reduce crop loss 

to pests 
47 17.4 43 16.7 44 17.5 28 16.5 4 16.7 166 17.0 

Protect 

investment 
43 15.9 37 14.4 44 17.5 28 16.5 4 16.7 156 16.0 

Effective 40 14.8 45 17.5 41 16.3 28 16.5 4 16.7 158 16.3 

Convenient 43 15.9 44 17.1 39 15.5 28 16.5 4 16.7 158 16.3 

Crop protection 45 16.7 42 16.3 41 16.3 25 14.7 4 16.7 157 16.2 

Not applicable 4 1.5 5 1.9 6 2.4 8 4.7 0 0.0 23 2.4 

aResponses are analysed as a dichotomous group tabulated at the value of 1 
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Figure 6.8a presents the variables on the respondents’ perceived deleterious effects of 

pesticides.  All respondents showed an awareness of the deleterious effects of pesticide use 

with 10.1% of responses in agreement that pesticides are harmful to natural enemies of pests, 

23.4% thought they cause water and air pollution, 27.2% stated pesticides are harmful to farm 

labour, people and animal, 12.85% stated risk of pesticide poisoning and 12.7% agreed that 

overtime, pests may grow resistance. 

 

Figure 6.8a: Opinion on deleterious effect of pesticides 

 

Figure 6.8b presents perceived benefits of pesticide use by respondents where 32.3% of 

farmers’ responses on benefits of pesticides was the perceived notion that it helps to increase 

profit. This may be argued because aesthetically-maintained produce such as vegetables 

command better price as compared to damaged produce from pest infestation. Other responses 

include pest control (the main function of pesticides), good farm management and improved 

storage.  

10.1 10.3

13.1
13.8 13.4

12.8
13.8

12.7

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

Natural
enemies
mortality

Water
pollution

Air pollution Harmful to
farm labour

Harmful to
people and

animal

Pesticide
poisoning

Reduce profit Resistance to
control



 

172  

Figure 6.8b: Benefits of Pesticides 

 

Farmers’ indicated continued pesticide use whilst being aware of its harm because of the 

benefits they enjoy (Fig. 6.8c). These responses suggest respondents are motivated to use 

pesticide to secure profit and prevent debt.  

Figure 6.8c: Reasons respondents continue to use pesticide despite being aware of its 

harm 
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6.2.6 Economic consideration on pesticide use 

Tables 6.13a and b presents variables on economic considerations on pesticide use. Since 

respondents were involved in different types of urban farming, they were asked to indicate the 

proportion of income generated from the types of farming they are engaged in. More than 50% 

of respondents’ population earn a substantial fraction (more than 50%) of their income from 

vegetable farming. This indicates vegetable production is significant with respect to farmers’ 

livelihoods and is likely to influence farmers’ decisions about pesticide use especially since 

vegetable production is prone to insect infestation if not adequately managed. Furthermore, 

majority of the farmers indicated a decline in yield without using pesticide which translates to 

a loss in potential earning. Also, 88% of farmers claim the risk of crop failure is very high if 

they do not use pesticides. To prevent this loss and the risk of crop failure, 84% of study farmers 

commit between 10-20% of their production costs towards purchasing pesticides This is 

significant as it could explain their precautionary use (table 6.6) and will be discussed in later 

sections. 
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Table 6.13a: Economic consideration on pesticide use 

Characteristics Variables 

Local Government areas     

Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

Responsewa % Responsea % Responsea % Responsea % Responsea % Responsea % 

Percentage of 
annual income 
from 
vegetable 

<20% 13 26.0 16 32.0 3 6.0 2 5.6 0 0.0 34 17.9 

20-50% 12 24.0 6 12.0 7 14.0 12 33.3 1 25.0 38 20.0 

<50% 
25 50.0 28 56.0 40 80.0 22 61.1 3 75.0 118 62.1 

Percentage of 
annual income 
from Livestock 

<20% 2 28.6 7 87.5 10 100.0 5 45.5 1 25.0 25 62.5 
20-50% 5 71.4 1 12.5 0 0.0 6 54.5 3 75.0 15 37.5 
<50% 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Percentage of 
annual income 
from 
Aquaculture 

<20% 0 0.0 0 0.0 0 0.0 1 0.0 0 0.0 1 50.0 
20-50% 1 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 50.0 
<50% 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Percentage of 
annual income 
from 
Horticulture 

<20% 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
20-50% 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 o 0.0 
<50% 

7 100.0 7 100.0 0 0.0 0 0.0 0 0.0 14 100.0 

Percentage of 
annual income 
from Agro-
forestry 

<20% 0 0.0 0 0.0 0 0.0 1 100.0 0 0.0 1 5.3 
20-50% 6 60.0 5 100.0 3 100.0 0 0.0 0 0.0 14 73.7 
<50% 

4 40.0 0 0.0 0 0.0 0 0.0 0 0.0 4 21.0 
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Table 6.13b: Economic consideration on pesticide use 

Characteristics Variables 

Local Government areas     
Akinyele Ibadan North Ido  Ona-Ara Oluyole Total 

RESPONSESa % RESPONSESa % RESPONSESa % RESPONSESa % RESPONSESa % RESPONSEa % 

Decline in 
yield without 

pesticide 

0-10% 15 31.9 32 62.7 10 19.6 10 27.8 3 75.0 70 37.0 

10-20% 13 27.7 13 25.5 28 54.9 16 44.4 1 25.0 71 37.6 

20-30% 15 31.9 1 2.0 7 13.7 2 5.6 0 0.0 25 13.2 

Not 
applicable 4 8.5 5 9.8 6 11.8 8 22.2 0 0.0 23 12.2 

Percentage of 
production 

cost spent on 
pesticide 

5% 0 0.0 7 14.0 0 0.0 3 8.3 0 0.0 10 4.9 

10% 35 70.0 18 36.0 21 42.0 4 11.1 4 100.0 82 40.6 

15% 0 0.0 19 38.0 21 42.0 21 58.3 0 0.0 61 30.2 

20% 4 22.0 1 2.0 21 4.0 0 0.0 0 0.0 26 12.9 

Not 
applicable 4 8.0 5 10.0 6 12.0 8 22.2 0 0.0 23 11.4 

Risk of crop 
failure 

without 
pesticide 

Low 0 0 0 0 0 0 0 0 0 0 0 0 

Medium 0 0 0 0 0 0 0 0 0 0 0 0 

High 46 92.0 45 90.0 44 88.0 28 77.8 4 100.0 169 88.0 

Not 
applicable 4 8.0 5 10.0 6 12.0 8 22.2 0 0.0 23 12.0 

Economic 
benefits of 

pesticide you 
enjoy 

Improved 
yield 46 32.4 45 31.7 44 29.3 28 25.9 4 33.3 169 26.7 

Increased 
saleability 46 32.4 46 32.4 50 33.3 36 33.3 4 33.3 182 28.8 

Increased 
income 46 32.4 46 32.4 50 33.3 36 33.3 4 33.3 182 28.8 

Not 
applicable 4 2.8 5 3.5 6 4.0 88 7.4 0 0.0 100 15.7 

aResponses are analysed as a dichotomous group tabulated at the value of 1 
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6.3 Qualitative results  

This section’s focus is to present the results from the qualitative analysis of data collected 

about farmers’ pesticide use/non-use. The data collection methods include focus group 

discussions, interviews with farmers and key informant discussions. These were carried out 

to explore in detail, patterns identified from the survey data analysis, and examine what drives 

pesticide use in relation to farmers’ knowledge, awareness of impacts of pesticide use and 

motivations.   

One of the aims of this study was to integrate qualitative and quantitative data, therefore, this 

section shall present findings from focus group discussions, interviews and key informant 

interviews in a thematic format supported with statistics from the questionnaire survey. Themes 

identified from the analysis of all qualitative methods are therefore presented. All responses 

are presented under pseudonyms to preserve their privacy as explained in chapter four. 

6.3.1 Incidence and nature of pesticide use  

Themes that emerged from FGDs and interviews on pesticide use include extent and type of 

pesticide usage, frequency of use and time of application. Results from survey showed 87.9% 

of respondents use pesticides in their farm practice. This level of usage is reflected in responses 

in focus group discussions, interviews, and key informant interviews.  

During focus group discussion, majority of the participants stated pesticide use for them is a 

norm and has adopted it as standard farm practice. They confirmed they have been using 

pesticides, especially with their vegetable crops which are in high demand. This is briefly put 

together by Farmer S. during an interview:  

‘Right from land preparation, seed preparation, planting, weeding and harvesting, use 

of pesticide is very crucial because these insects are very stubborn and need to be dealt 

with at every stage that they might arise’- Farmer S. 

Also, another participant voiced his opinion during interview: 
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‘I always use pesticides when I start planting preparation; that is a constant practice. 

I then use it when we experience outbreak of pests or when there is news of outbreak 

experienced by other farmers’ - Farmer As, Army Barracks. 

 The above statements resonate with the survey finding that 36.8% of respondents indicated 

they use pesticides as a form of precautionary control of pests. They do not have to see pests 

before they use pesticides, but pesticide use is an anticipatory behaviour.  

Farmers during FGD says it is better to use the chemicals than be sorry when your crops are 

under attack. This behaviour is also capitalised on by pesticide dealers who market products to 

consumers by informing them to use these products as a precaution on the promise it will save 

them time and money and reduce the possible risk should there be an outbreak. The FGD 

participants pointed out that the timing and frequency of pesticide application is determined by 

how severe an infestation is or anticipated to be. They use pesticides throughout the growing 

period and increase the dose according to the severity.  Participants are not so particular about 

the type of pest and can only describe it when they go to the market to purchase pesticides from 

the retailers. During an interview session with Farmer S., he admitted to using pesticides at a 

higher frequency to increase its’ efficacy. These responses show that farmers in the study area 

do not have a timing and frequency pattern in their pesticide application practice and are 

therefore likely to overuse products and apply at higher dosage than prescribed, causing over-

dosage and leading to possible insect resistance.  

Farmers, during focus group discussions, identify pesticide dealers as the source of information 

on possible pest outbreak when they go to purchase products and are encouraged into panic 

purchase of new products or combination of products as prophylactic treatment. It is however 

interesting to note from discussions during FGD that the knowledge and information being 

passed by these dealers and retailers to farmers are from wholesale marketers who tell these 
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dealers what their product can do and its superiority to other products in an attempt to increase 

their market share. These marketers often incentivise dealers with increased commission based 

on their sale volume to encourage them to refer their products to farmers. A pesticide dealer 

during key informant interview justified this action by saying:  

Our customers who buy pesticides and use on a regular basis, experience less yield loss 

during periods of outbreak as compared to those that buy when it occurs. Therefore, 

overtime, our customers have come to understand it is better to be prepared than be 

caught unawares and risk huge loss.  Mr OG.  

However, for Baba FA., he believes the anticipatory approach to pesticide use is wrong, as he 

argues that it increases pest resistance development. He does not use chemical pesticides (part 

of a group that consists of 12.1% of sample population) and says one of the reasons is because 

of the risk of becoming dependent on them. 

 ‘I believe others just see use of pesticide as a norm; because there has always been 

pests in times past when there was no chemical formulation to combat them. These 

chemicals become ‘addictive’ when you use them and you end believing that without 

pesticides, your yield loss to pests will be high’. Baba FA.   

6.3.2 Awareness of pest control methods 

57.4% of respondents indicated an awareness of other pest control methods aside from 

chemical control in the survey. The methods mentioned during the survey are biological 

control, cultural control and integrated pest management.   

However, during focus group discussions and interviews, it was evident that the majority of 

participants claimed an awareness of these other methods but lacked the knowledge to support 

such claims.  This is illustrated by a question asked by a farmer during one interview:  

‘Is integrated pest control not the one where you don’t use any chemical?’  Mr SO.  
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This response was echoed among FGD participants which indicated poor understanding of 

what IPM entails.  Some participants in interviews and FGDs also indicated that IPM is sole 

substitution of synthetic pesticides with biopesticides such as Neem extract (Azadiracta indica).  

On biological control, respondents in FGD said they are aware of neem extract but believe the 

process of producing it is arduous and time-consuming. they did not fully adopt this innovation 

because not only was it very time consuming to extract the active ingredients from seeds and 

leaves of the neem plant, the efficacy of the extract to control pest in the dry season was very 

limited. The extra time burden required for the extraction of the biopesticide by time-

constrained farmers together with the farmers „perception of the ineffectiveness of the bio-

pesticide especially in the dry season led to the initial low adoption rate and its abandonment 

by the few who adopted shortly afterwards.  

When probed on why they cannot purchase it, most respondents say it is not available on a 

wide scale and very expensive compared to insecticides. This is supported by information from 

a major online marketing site in Nigeria, 50ml of neem oil extract cost (#1800=£4) as compared 

to 1 litre of DD forcetm which is being sold for #4500 (£10).  Pesticide dealers during interviews 

say they do not stock these alternatives to chemical control because they are not in demand. 

It was also clear during interviews and discussions that participants who favoured chemical 

control do so because of its affordability, effectiveness in controlling pests, quick intervention, 

and its ability to secure potential yield. These reasons resonate with the result of the survey on 

why respondents continue to use pesticides even when they consider there are deleterious 

effects (see table 9 in chapter 5).  It could be concluded that participants have an awareness of 

other pest control methods, but clearly lacked an understanding of how they work. They are 

also limited in their access to alternative products and choice because of their perceptions on 

the efficacy of chemical control compared to other methods.  
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6.3.3 Knowledge of pesticide impacts on crops, animals, personal and environmental health  

The survey analysis in table 9 (chapter 5) showed the respondents’ opinion on the benefits and 

deleterious effects of pesticide use. All respondents (both interviews and FGDs) indicated some 

degree of knowledge about deleterious effects of pesticides on environment, income, and biota. 

The majority of participants during FGD agreed that pesticides are harmful in one way or 

another, but they will still continue their use as it provides them with secured yield. FGD 

participants said that the effect on the environment is secondary to crop protection because in 

the words of one of them, ‘the earth takes care of itself’. An interview participant (Jagaban) 

said it is important to use pesticides on the crops the use of pesticide is a “relatively easy” way 

of farming as compared to IPM. With many of the farmers at the district having other jobs apart 

from growing vegetables, spraying with pesticide to control pest saves them time for their other 

jobs.   Most participants said they have never worried about pesticide residue on the products 

they sell because they believe that cooking will remove any residue left on the product.  

The majority of FGD participants who were pesticide users said they had not experienced 

significant effects of pesticides on their health. On prioritising crop protection over personal 

safety, participants say they are careful in using pesticides and take precautions such as 

covering their nose with handkerchief. One participant said he takes milk when he has finished 

applying the pesticide and that way, he experiences no symptoms.  

However, one of the participants who is a pesticide non- user commented that: 

When I used pesticide in the past both in the house and on the farm, I had headaches and 

my eyes became swollen. I stopped using it because I cannot risk my health and that of my 

family because of this and also several mysterious deaths of families after eating food has 

been tied to pesticide poisoning - Mr S.M, household consumption only. 
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An interview with a respondent who farms near a water stream was asked if she is aware of 

impacts of these chemicals in the soil and water around her. She said: 

‘Look around, this is the water we have been using to wash our bodies and clothes in this 

area, especially during water scarcity, no one has complained of any sickness that may be 

attributed to these chemicals’. Mama AL. 

Respondents believe there is little they can do about what happens when pesticides remain in 

the soil or water because they have no control over them. The only thing they can propose is to 

use pesticide in moderation and store their products carelessly. They also said that the use of 

knapsack sprayer has reduced accidental spillage of mixture as compared to when they relied 

mainly on buckets. 

On the risk of pesticide poisoning, all participants agree it is very high because of the potency 

of the compounds. Some participants recalled the issue of beans poisoning that affected a lot 

of people and was attributed to pesticide poisoning. They stated that they buy pesticides on a 

needs basis and do not keep much in storage.  

Respondents’ perception of pesticide toxicity may influence the quantity of pesticide used by 

them. This perception may also be influenced by several factors which include, age, gender 

education, training, potential health implications which will be explored in the discussion 

chapter. During a particular interview, the interviewee was asked about how poisonous 

different pesticides which she uses are and how she can identify this. Her response was that 

they are poison which suggests that she does not know how to interpret symbols on the label. 

Further discussions and interviews indicate participants do not really distinguish between 

toxicity and effectiveness of pesticides. 

Some participants described pest resistance to chemical control but rather attributed this 

resistance to quality of the product. These participants were of the opinion that the 
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manufacturers may have reduced the potency of the product to increase profits.  One of the 

participants who disagreed that resistance control is due to quality of product said: 

‘You know how anti-malaria was no longer working because people keep using it over 

and over again (abuse), I think it is the same that has happened with pesticides which 

is why we end up mixing different products to combat resistance’ – Mr STH 

Participants confirm they do mix products to increase the potency of the products and ensure 

quick action, for example one said: 

‘I occasionally mix the brand especially during the dry season when insects and worms 

destroy over 60% of our vegetables. When I bought the usual brand, there was no 

change but when I mixed two/three different products together, I got some favourable 

results’ Farmer V, Mokola Barracks. 

These ‘cocktail’ methods were practised by majority of FGD and interview participants. A key 

informant also confirmed that he sometimes advises his customers to mix products when they 

do not get desired results. It can be concluded that farmers are very aware of the possible 

dangers of pesticide use and the risk it poses to their health and the environment but wilfully 

ignore this knowledge in favour of their expected output. 

Despite this knowledge claims, they do not appear to understand the relationship between their 

pesticide uses and its possible impacts on the environment. These impacts could affect their 

health and income indirectly through sickness from acute pesticide poisoning, leading to poor 

health that limits them from working, and a subsequent impact on their income.  

6.3.4 Farmers’ behaviour and decision-making on pesticide use 

This theme arose from discussions in FDG centred on why respondents use pesticide despite 

being aware of the risk it poses to them and their environment. The theme is sub-divided into 

economic considerations, marketing decision and environmental decision 
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6.3.4.1 Economic considerations 

As urban agriculture has become a viable source of income when substantial amount of money 

is invested in it, quantitative data shows 72.1% of farmers rely on their urban agriculture 

practice as a main source of income. According to Focus group discussions with farmers, the 

majority of the farmers say the primary consideration that drives their pesticide use is the 

prospect of servicing their debts. This is because most of them borrow money from cooperative 

societies which attracts interest, and they must do all they can to ensure profitability. Also, their 

livelihood depends on a good profit as loss to pests range from between 10 – 65% (survey 

data?) if pesticides are not deployed and therefore ‘bad business if you do not apply pesticides 

as you will not break even’ (Baba JAK.). 

In the words of a farmer: 

‘If it is only to eat, you may not need pesticides as you still get sufficient yield to eat. But 

when you grow for sale, you need to ensure your output is consistent which can only be by 

using pesticides’- Baba JAK 

6.3.4.2 Aesthetic considerations  

All farmers agree that pests are a bane to production and therefore, it is economical to use 

pesticides to prevent or control them. Pest affect quality as well as quantity of crops. Most 

customers are city people and want appealing produce. Most of the farmers interviewed 

produce vegetables and ornamental crops. For them, it is more rewarding to have a better 

looking crop as it commands better price. 

‘Some of our customers patronise us because the products look healthy and they repackage 

the vegetables to sell in supermarkets’…… Baba JAK  
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6.3.4.3 Environmental considerations 

Farmers agreed during interviews and focus group discussions that the environment must be 

taken into consideration but argue that there have not really been any immediate effects of 

pesticide use on their farm environment. They believe that the extra profit secured as a result 

of pesticide use outweighs the impact on the environment as long as they mitigate (not their 

choice of word- it is mine) it. However, when I asked how Farmer MOS mitigates the effect 

on the environment, he only shrugged suggesting that the environment knows how to take of 

itself. 

6.3.4.4 Role of training and information on pesticide handling and safety 

Farmers agreed that having access to regular training on pest management could inform their 

pesticide handling and safety measures. Majority of farmers have no access to training and 

handling manual and therefore rely on product labelling instruction and directions from 

pesticide marketers. Only few farmers in the study had attended a session on pesticide 

management and they could not recall the date. When asked if the training has had any 

influence on their practice, Farmer S (Mile 10) said his only takeaway was the protective 

equipment he received which he doesn’t use because of the discomfort. They agreed that 

understanding the labelling formats and meaning of symbols such as precautionary statements 

about human health hazards.  They also said regular information in leaflets or media broadcasts 

on safe handling, transporting, storing, and disposing of pesticides will be welcome. 

6.3.4.5 Role of pesticide advisers on use 

Pesticide dealers and marketers provide advice and information on effectiveness of products. 

Farmers said they are the only accessible and consistent source of information they can go to 

as company representatives regularly organise workshops to introduce products to them.  

Farmer J, Agbaaje: 
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‘When we go to the dealers and tell them the kinds of insects and worms we find on our 

crops, they give us different brands and tell us how to mix it. When I asked the farmer 

if he reads the instruction label, he has this interesting opinion: 

Once they have told me how to mix it, I do not bother to read the label as I believe the 

chemical will not work as instructed because these things (products) are imported and 

therefore have to adjust it to our own farm’. 

The main reason given for mixing was to counter the different resistant strains affecting farm 

produce. In all the farms, there was a majority (all farms) response compared to whether they 

changed the dosage of pesticides applied as against the instructions on the labels or from 

advisers. Most farmers maintained the same dosage while some increased because the early 

dose did not work for them.  

6.4 Conclusion 

This chapter has presented results of data generated from quantitative and qualitative research 

methods. Summary of findings indicate UA as a main source of income for most farmers 

motivates farmers’ decisions to use pesticides to secure their livelihood as over 62% of 

respondents earn more than 50% of their income from UA. With high demand for high quality 

crops, especially the aesthetic consideration in vegetables, farmers use pesticides to ensure 

returns on their investment and therefore guarantee economic returns.  

Also, despite an awareness of alternatives to synthetic pesticides high incidence of pesticide 

use and poor agricultural practices such as continuous use of pesticides as a precaution and 

taking advice from non-experts such as dealers and retailers, farmers’ pesticide use, and 

behaviour raises significant concerns. This is because significant percentage of farmers in this 

study are educated with many belonging to farmers’ organisation, their knowledge and 

awareness of pesticide impacts lacks depth. These findings will be discussed in chapter seven.  
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Chapter Seven 

Discussion 

7.1 Introduction 

This chapter is a discussion of results from chapters six, an integration of both quantitative and 

qualitative social research findings with reference to relevant literature. It addresses the 

research objective aimed at assessing and understanding farmers’ knowledge, behaviour, 

motivations and perception on pesticide use. The findings have been grouped into themes from 

results presented in chapter five such as livelihoods, knowledge and awareness of pesticide safe 

handling, economic considerations, pesticide use and behaviour.  

Therefore, section 7.2 discusses the study area and its urban agriculture characteristics while 

7.3 describes the farmer and farmer characteristics with respect to other urban agriculture 

studies. This characterises the respondents and provide the context of the analysis, which helps 

with any comparison with other studies. Sections 7.4 -7.6 discuss the findings in a thematic 

format with respect to the research objective. These findings are used in discussing the inter-

relationships that exist between social and economic development from both historical and 

current pesticide use in urban agriculture and how it affects the environment. 

7.2 Study area 

This section is a brief discussion on urban agriculture in the study area and how it relates with 

UA in other parts of the country and the continent. This provides a locational context to the 

study’s findings.  

Ibadan is the country’s largest city in terms of geographical definition; and the third most 

populous city (over 3 million) in Nigeria after Lagos and Kano (NPC, 2015, WPR, 2019). It is 

the major point of trade in the south-west region of Nigeria because of its proximity to Lagos 

state, the economic capital of Nigeria (Fourchard, 2003). The study was carried out in five local 

government areas out of the eleven local government areas that make up Ibadan urban area 
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(Wahab and Popoola, 2017) because of their proximity to Eleyele Lake in some of these LGAs 

such as Ona Ara feeds into the lake. These areas are built up environments with active urban 

farming activities. These include vegetable production, arable crop production, agro-forestry 

production, aquaculture, livestock production and other processing activities. In this study, 

there was 72.3% of vegetable production with the remaining proportion shared amongst 

livestock, aquaculture, horticulture, and agroforestry farming.  

Vegetable production is a major part of urban agriculture in West African cities such as Lagos, 

Port-Harcourt and Kano (Ezedinma and Chukuezi, 1999, Binns et al., 2003), Accra in Ghana 

(Amoah et al., 2006), Bobo-Dioulasso in Burkina-Faso (Centres, 1996), Cotonou in Benin 

(Brock and Foeken, 2006), Yaounde in Cameroon and Dar-es Salaam in Tanzania (Dongus, 

2001; Lee-Smith and Lamba, 2015). This is supported by evidence reported in this study area 

where 72.3% of urban agriculture practice involves vegetable production and agrees with the 

baseline report on urban agriculture in Oyo state, which reported that 1521 farms out of 3688 

agricultural farms were devoted to vegetable production (RUAF, 2015). 

One of the constraints in vegetable production in the tropics is pests and diseases (Ugwu et al., 

2015) and as a consequence they receive considerable high amount of pesticide, especially 

being a high value crop (Jeyanthi and Kombairaju, 2005). This high dependence on pesticides 

is supported by evidence found in this study where 87.9% of farmers surveyed use these 

chemicals. This is consistent with the report by WAAPP (2013) on pesticide use in Nigeria 

where 92.3% of farmers use pesticides. Pesticide misuse (RUAF, 2015) was highlighted in 

literature as one of the constraints to urban agriculture in Ibadan and evidence supporting this 

has been presented in this study. It can therefore be said that the value of crop is one of the 

factors that drives pesticide use in urban agriculture. 
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7.3 Farmer and farm characteristics 

This section discusses findings about respondents’ characteristics which include gender, age, 

educational status, and main occupation, and about their farm characteristics such as- farm size 

and tenure and type. 

7.3.1. Gender 

Literature suggests the role of female gender in urban agriculture is pertinent to survival 

strategies for most low-income urban households (Hovorka et al., 2009) because of their socio-

economic status and their traditional role of providing food for the family (Maxwell, 1993). It 

is within this context that urban agriculture is portrayed as a survival strategy for women to 

secure food (IDRC, 1993), and subsequently females are seen as the predominant gender in 

urban agriculture (Wilbers, 2004). More women were reported to participate in urban 

agriculture in Cameroon (Asongwe et al, 2014), especially vegetable production (Gockowski 

et al, 2003).  

However, in this study, the gender of participants is favourably skewed (0.908) towards the 

male group, with 71% of overall sample population as compared to their female counterparts. 

This is consistent with studies on gender participation in urban agriculture in Nigeria where 

more male UA farmers were reported. Earlier studies conducted in selected areas within urban 

and rural areas of Oyo and Lagos states validate this research’s findings of more male 

participation in agricultural production (Anosike, 2004, Adeyemo et al., 2017 (85%), Ogunniyi 

et al., 2017 (78.3%), Babarinsa et al., 2018 (74%), Ugwu et al., 2015). Also, according to the 

WAAPP-Nigeria report (2013) on pesticide use in Nigeria, 82.8% of participants in the 

nationwide study were male (n=360).  

It was important to explore if gender influence pesticide use in urban agriculture within Ibadan 

city, South-west Nigeria as men and women approach decision making with different motives, 

perspectives, rationales and considerations.  Gender analysis of pesticide use in this study 
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showed 69.5% of pesticide users (n=167) were male. This statistic indicated that a large 

proportion of pesticide users were men which agrees with the results of the study conducted 

into pesticide use by Ugwu et al., 2015, Ogunniyi et al., 2017). Furthermore, among the 56 

female participants in this study, 91.1% of them use pesticide.  

Correlation analysis showed a weak relationship between gender and pesticide. However, 

Atreya (2007) in her study into gender differences in pesticide use knowledge and practices 

found that pesticide use can be influenced by gender. The absence of relationship or association 

between pesticide use and gender in this study may be attributed to high male participation 

recorded in this study, such that variation is too low to be statistically significant. Another 

possible reason may be that 99% of participants are solely responsible for decision making and 

therefore, both genders do not have to defer to anyone on pesticide use.  

This high male participation seen in urban agriculture is an extension of patterns seen in overall 

agriculture practice in Oyo state (WAAPP-Nigeria, 2013). Similarly, this same pattern has been 

reported in neighbouring countries like Ghana (Danso et al., 2003; Obuobie et al, 2004) and 

Cameroon (Ngome & Foeken, 2012). High male gender representation in urban agriculture 

within the study area shows low participation of female in the production aspect of UA even 

though it was seen as a way of encouraging female empowerment through income generation 

(Hovorka et al., 2009).  

7.3.2 Age  

One would expect age to have an influence over pesticide use as most of the participants above 

50 years of age had more farming experience than those below 30 years. However, age showed 

no statistical significance to pesticide use even though majority of pesticide users belonged to 

the 41-50 age group (33.7%). This is similar to studies into fertilizer and pesticide use in 

Cameroon where there was no relationship between pesticide use and age of farmers (Nkamleu 

and Adesina, 2000); and studies by Salameh et al. (2004) and Sharafi et al. (2018) also reported 
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no relationship between pesticide use and age of farmers. However, Atreya (2007) reported a 

relationship between age and pesticide use with older females (<40) using pesticides but males 

are not influenced by age in pesticide use.   

Whilst the majority of farmers, especially vegetable farmers, reported by Ugwu et al., 2015) 

were within the 31-40 years’ age group (84.6%), age characteristics of farmers in this present 

study recorded a high number of participants belonging to the 41-50 age group. This difference 

in statistics may be attributed to locational factors where Ugwu et al.’s (2015), study was a 

random study across the state. However, results in this study agree with those presented by 

Obuobie and Lesley (2014) on Accra urban practitioners where the above 40 age group had the 

highest representation. The 15-30 age group had the lowest participation in urban agriculture 

in the current study which is similar to that presented by Ogunniyi et al. (2017) in their study 

of the contribution of UA to household food insecurity in three local government areas (n=110). 

Other age groups were represented as 31-40 (18.4%) and 51-60% (25.5%), which is an 

indication of wide representation of the older adult population.  

Although age is considered an unreliable indicator of farmers’ behaviour, it has been used to 

examine farmers’ behaviour on environmental issues with mixed results (Burton, 2014). Some 

studies in mainstream agriculture concluded with suggestions that younger farmers in dairy 

production tend to be proactive in adopting good behaviour (e.g., Rahelizatovo and Gillespie, 

2004); whereas no significance was found between age and adoption of improved soil 

conservation (Tiwari et al., 2008). In this study, the correlation analysis between age and good 

agricultural practice showed no significant relationship, and therefore it can be concluded in 

this study that age does not have a possible influence on pesticide use among UA practitioners 

in Ibadan. 
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7.3.3 Educational status 

The belief that the higher the level of education, the more likely farmers are willing participants 

in good agricultural behaviour (Burton, 2014). Also, Rios-Gonzalez et al. (2013) opined that 

literate farmers are likely to have a better understanding of the effects of pesticide on health 

and environment; however, this study’s finding was contrary to this. This was why education 

as a characteristic was explored in this study in assessing farmers’ pesticide use behaviour. 

Respondents in this study are more educated than farmers in studies conducted by Ugwu et al, 

2015, Ogunniyi et al, 2017, Yassin et al, and Oztas et al, 2018, as the analysis shows that the 

majority were educated up to college/university level. This significantly indicate a possible 

high level of awareness and that their high level of education should grant them access to media 

publications and online materials that could help them in minimizing pesticide use. This is 

however not the case in this study.  Statistically, there was no significant association between 

pesticide use and highest educational level attained by respondents in this study. This is because 

pesticide use was found to be high among the highly educated participants (31%, n=167) as 

compared to less educated participants (8.4%, n=167). Despite the higher levels of education, 

there are also high levels of pesticide use. Follow-up findings from interviews and discussions 

showed that these farmers are aware of pesticide issues but do not reflect this knowledge in 

their practice.  

The results of this study on educational status and pesticide knowledge suggests urban farmers 

in Ibadan use pesticides despite their high educational status, which was expected to have an 

influence on their choice of pesticide use. Even though focus group participants argued that 

being educated increase their awareness of pesticide risk and therefore, inform them on better 

handling practices, Atreya (2007) explained that high educational status is not synonymous to 

an awareness of pesticide good agricultural practices. Their use of pesticides may also be linked 

to lack of training activities and programmes designed to support their pest management 

practices. 
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7.3.4 Main occupation 

Even though the majority of respondent identified as fulltime farmers (72.1%), other categories 

of occupation identified suggest that there are other part time farmers conducting urban 

agriculture to improve their food intake and concurrently provide food for the urban market. 

This is evident in the proportion of respondents (44.2%) who indicated in the survey that they 

farm for dual purposes to feed their family and earn income. This finding is reflected among 

the variants of UA definition where food security, job creation and income generation has been 

described as some of its’ endearing characteristics (Altieri et al., 1999; Mougeot, 2000; 

Hubbard and Onumah, 2001; Zezza and Tasciotti, 2010; de Bon et al., 2010; Lynch et al., 2001; 

Pasquini 2006; Zezza and Tasciotti, 2010; Smart et al., 2015).  

A huge advantage of urban agriculture is the ready provision of reliable and regular access to 

wholesome food in an urban setting where these items can account for a high proportion of 

income. Food coming from rural areas are increasingly subjected to challenges in market flow 

because of limited infrastructure in terms of good road and adequate storage facilities. This has 

increased demand for food grown in the city and many residents see it as an opportunity to earn 

additional income and improve their household income. A survey of percentage income from 

urban agriculture showed farmers attributing a huge portion of their income to urban 

agriculture. This income generation may drive farmers’ pesticide use in order to secure a steady 

source of income. Furthermore, the increase in demand for urban grown food may also 

encourage pesticide use with 87.9% of sample population using pesticide to control pests and 

weeds on their farms. 

7.3.5 Land tenure  

Urban agriculture is often considered as a transitory land-use activity with Maxwell (1995) and 

Lynch et al. (2001) pointing out the land insecurity threats faced by practitioners, with a 

subsequent impact on livelihoods. According to Stewart et al. (2013), land status in urban 

agriculture is characterised by cession, lease, sharing, authorised or illegal but reports 
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according to RUAF (2010) on characteristics of urban agriculture have also identified 

inheritance, lease or purchased as land tenure. Though this study showed the majority of land 

used by farmers are self-owned (30.1%), providing them with some secured land holdings, land 

tenure for others is not as secure, which agrees with Lynch et al., 2001. Other land tenure status 

includes 34.6% Government-owned, 19.1% rented and 11.4% undeveloped land; none of the 

farmers attributed their land ownership to inheritance. The bulk of the Government-owned land 

is allocated to military families living within the barracks and right to land ceases when they 

are either transferred or reach the end of service; while the remaining land is leased, for which 

farmers pay a small amount to use over a long period of time. For rented land, farmers have an 

informal understanding with the legal owner to pay some amount to use the property until the 

owner is ready to develop it, with little or notice. The undeveloped land is mostly occupied by 

farmers illegally and therefore pose a risk to the security of their farm production. This 

distribution provides an opportunity for Government to incentivise pesticide use on their land 

by encouraging farmers using their land to minimize pesticide. 

7.3.6 Farm size and type 

The Majority of farmers in this study (26.8%) has between 3-5 plots of land (a plot= 50 feet by 

100 feet). This is quite a sizeable amount of land compared to Lagos where UA is characterised 

by wetlands that are typical of the landscape (Adedeji & Ademiluyi, 2009). In this study, there 

was 72.3% of vegetable production with the remaining proportion shared amongst livestock, 

aquaculture, horticulture, and agroforestry farming. This is consistent with UA as vegetables 

are highly valued crops and are in demand. 

7.4 Key themes identified from results 

In exploring and assessing pesticide use in urban agriculture, three major themes emerged from 

results obtained from both quantitative and qualitative methods used in this study in assessing 

pesticide use in UA. The themes are pesticide use incidence behaviour; livelihoods and 
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economic motivation and how they influence pesticide usage; farmers’ knowledge and 

awareness in relation to farmer characteristics, quality of training and advice received and the 

sources of information (Figure 7.1). 

 

 

 

Figure 7.1: Graphical summary of relationship between themes and data 

7.4.1 Pesticide use and behaviour 

This section discusses the results of this study on pesticide use and behaviour in urban 

agriculture. Results presented in chapter six showed high incidence of pesticide (87.9%) use 

despite a high awareness of alternative pest control methods (42.6%). Their behaviour is also 
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defined by abuse of pesticide by using it as precautionary method of pest control (36.8%) and 

constantly as farm practice (45%). This was revealed to be influenced by pesticide dealers and 

marketers as a way to maintain their own sales target as 57.2% of respondents rely on them for 

pest control advice.  

One of the aims of this study was to establish incidence of pesticide use in urban agriculture 

because of the dearth of information pertaining to such in Nigeria and there are limited statistics 

on pesticide use in the study area. The incidence of pesticide use among urban farmers is very 

high in this study (87.9%).  Though there are no literature that directly assessed pesticicde use 

in UA in Nigeria, the findings on pesticide use in this study are similar to incidence reported 

in the WAAPP baseline study on pesticide use in Nigeria where 92.3% of farmers interviewed 

across nine states used pesticides. This is also similar to Babarinsa et al’s (2017) results into 

pesticide use in selected local government areas of Oyo state where 94% of farmers use 

pesticides. Also, Tijani (2006) in his study on pesticide use and practice by cocoa farmers in 

UA in Nigeria recorded 96% of farmers using pesticides. Other studies on pesticide use in 

agriculture, with no direct reference to urban agriculture also reported high pesticide use 

amongst Farmers e.g Mbagwu and Ita, 1994; Ibitayo, 2006; Ugwu et al, 2015; Oluwole et al., 

2015).  

In Ghana, Mattah et al (2015) reported 70% of urban cultivators use pesticide in their study of 

health implication of pesticide application among farmers in the city of Ashaiman. This result 

is consistent with the findings of this study in Ibadan City. Corriols et al (2009) linked high 

incidence of pesticide use in agriculture to acute pesticide poisoning in Nicaragua. Farmers in 

our study area do not report cases of poisoning or pesticide-related health problems as they 

opined in FGDs that they use milk whenever they have headache symptoms after pesticide 

application. 
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These reports support the findings in this study and suggests that pesticide use pattern in urban 

agriculture is similar to that of rural agriculture. Furthermore, this high incidence of pesticide 

use in urban agriculture has been attributed to the intensive management of vegetable pests 

(Dinham, 2003); perceived ease of use and effectiveness in control of pests and weeds in 

agriculture (Okonya and Kroschel, 2015, Jallow et al., 2017 and Bhandari et al., 2018). This 

high level of usage is a concern since studies report the serious risk posed by pesticides to the 

environment and the society as a whole from agricultural production (Ajayi, 2000; Jansch et 

al., 2006; Odewunmi, 2013). 

7.4.1.1 Pesticide behaviour 

As attitudes and intention of decision makers are influenced by beliefs, norms, and the 

expectation of significant others are central drivers of behaviour rather than profit alone. 

Pesticides in developing countries like Nigeria coupled with the absence of adequate farmers’ 

education and effective regulatory measures has led to concern about the impacts of these 

pesticides on public health and in particular the exposure and poisoning of farmers and farm 

workers. For these farmers and farm workers, the consequences of the pesticide treadmill are 

high indeed as many respondents (50.5%) do not read labels, pesticide warnings and 

instructions (Damalas, 2009). Farmers’ behaviour in pesticide use may also be explained using 

the theory of reasoned behaviour and planned behaviour. 

Data on farmers’ pesticide application patterns, quantity per surface area and spray 

concentrations were limited in this study mostly due to lack of record keeping by farmers. 

Farmers in this study have limited knowledge on the importance of record keeping in helping 

them maintain good agricultural behaviours which may reduce the risk of overdose to crops 

and human poisoning, and environmental contamination. Data results on timing, frequency of 

use, appropriate equipment and pesticide mixing behaviour are discussed in full in the 

following sections 
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7.4.1.2 Timing 

Participants in discussions were probed on their timing of pesticide application. Contrary to 

findings by Ntow et al. (2006), Tijani (2006) and Okoffo et al. (2016) that farmers do not 

consider weather conditions before pesticide application, participants in this study displayed 

an awareness of weather conditions in pesticide application. They claim to take into 

consideration the temperature, humidity, and wind pattern before applying pesticides. This 

awareness of influence of weather condition on spray drifts is a positive finding, especially 

given the tropical nature of the study area, where temperatures can be more than 300c.  This is 

good agricultural practice in pesticide application as there is less chance of drift which could 

have potentially led to volatilisation or evaporation of droplets, and a subsequent dispersal at a 

distance from initial area of application, thus leading to non-point pollution or poisoning (Ntow 

et al., 2006, Tepper, 2017). It also reduces farmers’ exposure to risk of pesticide inhalation and 

skin contact (Okoffo et al. 2016). Given that participants in this research report minimal levels 

of use of protection when spraying, any awareness of weather can only be a good thing for the 

health of farmers and farm labourers who spray.  The evidence of the use of personal protective 

equipment (or PPE) will be discussed in the next section. 

Timing of application becomes very important in urban farming due to the nature of cities.  It 

is also particularly important that farmers in urban farmers’ limit risk of exposure during 

application because of the condensed built environment; the risk of impact to the local 

population is increased if application timing is not on point. However, farmers from this study 

did not show an awareness of the risk of exposure timing. 

7.4.1.3 Frequency of use 

Farmers admitted they use pesticides throughout the growing season as a precautionary 

procedure. This agrees with the findings of Lekei et al (2014) in their studies of farmers’ 

pesticide behaviour in Tanzania.  As well as precautionary use, farmers increase frequency of 
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pesticide application if there are signs of an impending attack. The survey, interview and 

discussion data suggest that, despite high level of education of most participants, farmers 

mostly ignore the recommended frequency of application provided on formulation labels. 

Pesticide dealers also influence their pesticide use especially during outbreaks or massive 

infestations by encouraging farmers to increase the dose and frequency of use. This behaviour 

could be explained by the concept of pesticide treadmill theory. The pesticide treadmill theory 

has been used by entomologists, environmental campaign groups such as pesticide action 

network and friends of the earth to describe farmers’ dependence on pesticide in their practice 

(Bosch 1978). 

7.4.1.4 Use of appropriate equipment for application 

Exposure to pesticides is a major occupational hazard in developing countries due to inadequate 

access to protective equipment (Okoffo et al., 2016). Respondents in the survey appear to be 

aware of these hazards although a great proportion of them indicated the non-use of full 

personal protective equipment in pesticide application (87.4%). This is similar to findings 

reported by Tijani (2006), Panuwet et al. (2012) Mengistie et al. (2015) in developing countries 

where the majority of farmers do not wear full PPE. Although 54.5% of respondents reported 

that they cover their body and face with cloth during application and another 39% only cover 

their face, it would appear from focus group discussions that they mostly use their hands when 

mixing pesticides in the knapsacks or buckets. They also do not adequately protect their feet as 

most farmers reported that they wear slippers during application. This is an unsafe behaviour 

with potential risks to pesticide exposure, and a subsequent impact on their health. An 

explanation for non-use of PPE was given by farmers during interviews and focus group 

discussion as high cost of procurement and the discomfort that comes with it in a hot climate. 

The only farmer in the study who indicated a possession of PPE described the discomfort that 
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comes with it discouraged him from wearing it. This agrees with Ecobichon (2001) when he 

mentioned that farmers fail to wear PPE due to heat-related discomfort.  

The use of a knapsack sprayer was very high among survey respondents (62.1%) even though 

most of them rent it. This can improve efficiency of spray applications if good agricultural 

practice is adhered to. Participants in focus group discussions agreed that use of knapsack 

sprayers has reduced their cost on pesticides because they have less waste and can direct the 

nozzle to the spray area. This efficiency arising from knapsack sprayer was also highlighted by 

Sikkema et al. (2008). 

7.4.1.5 Mixing 

The issue of pesticide cocktails was raised during focus group discussions particular with 

respect to infestation of high value leafy vegetables. This practice has been reported in several 

studies carried out in developing countries (Mariyono, Mengestie et al, 2013). This practice 

was referred to as ‘booster’ by one of the pesticide dealers as they claim to occasionally advice 

customers to mix products when they complain about ineffectiveness of a product. This finding 

is consistent with that reported by Xu et al., (2008) where pesticide dealers are motivated by 

profit to advise farmers to mix pesticides to obtain higher pesticide efficacy. 

Dealers and farmers alike do not appear to give consideration to the adverse effects that could 

arise from antagonistic reactions between two different pesticides when mixed together. It was 

clear from the discussions that they do not realize the significant impact pesticide cocktail 

practice can have on the crop and the environment. Ngowi et al (2007) explained that 

interactions between insecticides, fungicides, and water mineral content can influence the 

efficacy of pesticides against fungal pathogens and insect mortality, some mixtures may lead 

to phytotoxicity in tomato, onion, and cabbage (Mengistie et al., 2015). 
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7.4.1.6 Storage of pesticides 

Storage of pesticides was indicated by farmers as on site, in storage boxes, and sheds. About 

27.9% of respondents indicated they kept pesticides on site, which may pose the risk of 

accidental use and spillage, leading to contamination of the soil environment. This is common 

in developing countries according to Ngowi et al. (2001) and Murphy et al. (2002). 22.1% of 

farmers in the present study stored their products in secured storage boxes which is similar to 

what Tijani (2006) reported. 

Respondents in this study had no record of their farming practice and could not provide 

documented information on their pesticide use. This is poor practice and may be responsible 

for aggravating farmers’ perception on benefits of pesticide use. 

There was no indication of respondents reusing pesticide containers or packaging in this study 

as reported by Tijani (2006). This however does not guarantee that respondents do not reuse 

these containers as there was no system in place for disposal or recycling of this waste. 

Furthermore, knowledge and behaviour of respondents on disposal of containers and packaging 

is very low as these are being disposed on site, burning and on the dump.  

7.4.2 Knowledge and awareness  

Farmers’ knowledge and awareness of pesticide risks are crucial for improving safety of human 

health and environment (Damalas and Koutroubas, 2018). The level of knowledge can 

influence behaviour of individuals; the higher the knowledge level, the more likely the 

individual is expected to show safe behaviours with respect to pesticides (Rezaei et al., 2017). 

Knowledge and awareness have been related to education, experience, training, extension, 

farming, membership of farmers’ organisation and attendance at farmers’ field school and other 

sources of information (Oztas, 2018; Damalas et al., 2018) Farm characteristics such as type 

of farm are also known from previous research to influence knowledge about pesticide use and 

some of these characteristics. 
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7.4.2.1 Education  

Education arguably should indicate a high level of awareness and possible good agricultural 

practice because a high level of education which would grant farmers access to media 

publications and online materials that could help them in using pesticides more effectively and 

safely or inform them about alternative methods. In the study by Oztas et al. (2018), highly 

educated farmers were found to have high level of awareness and knowledge because of their 

educational status. This is however not the case in, the survey data supported by findings from 

interviews and discussions showed that these farmers are aware of pesticide issues but do not 

reflect this knowledge in their practice. Reasons proffered by participants for this include 

affordability and preference for the perceived cheap chemical control products compared to 

alternatives.   

7.4.2.2 Purchase, advice, and training 

Farmers’ dependence on pesticide dealers and neighbours may be attributed to limited access 

to extension services and zero training provided to farmers within the city. This is confirmed 

in this study when an agricultural extension agent at the Fadama field office said, ‘are there 

real farmers in the city’. This suggests that the priority on agricultural training and information 

is given to farmers in the rural areas and this lack of extension services is one of the challenges 

of urban agriculture in Ibadan city. Also, Chukwudebe et al (1997) argued that agricultural 

extension agents are possibly distracted by commercial incentives from dealers and 

subsequently spend more time on commercial activities than on extension activities such as 

information on safe handling of pesticides. This may be case for few extension activities that 

happen in the cities such as farmers’ field school where substantial amount of time is spent 

marketing products to attendees (Researcher’s observation, 2016).  
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7.4.2.3 Awareness of impacts, pests, and alternative methods 

Farmers in this study are aware that pesticides can pose hazards to human health, especially 

the risk of pesticide poisonings. This danger may be determined by the pesticide’s chemical 

makeup and formulation, its path into the body, the amount that enters the body and the length 

of exposure.  Farmers agree that wearing PPE can greatly reduce the potential for dermal, 

inhalation, eye, and oral exposure, and thereby significantly reduce the chances of a pesticide 

poisoning. This finding indicates a correct knowledge of pesticide routes of absorption which 

is consistent with other studies regarding awareness of pesticide risk and handling of pesticide 

by farmers (Burleigh et al, Berg, 2001; Matthews et al, 2003, Isin and Yildrim 2007). 

Awareness of pesticides has been linked to educational status (Atreya, 2007; Rios-Gonzalez et 

al., 2013 and Oztas et al, 2018), however as reported in this study’s results, the majority of 

farmers demonstrate some poor pesticides practice despite their education and knowledge of 

risks associated with it.  Similarly, farmers with more than 10 years of farming experience use 

pesticides more than other groups even though there is an expectation that more years of 

experience in farming can lead to increased production, effective input use, increased output 

quality and increased amount of output, and reduced costs (Oztas et al., 2018). It is expected 

that experience will have a positive influence on the management ability of a farmer. 

Most farmers during discussions indicated limited awareness of pest types and they could only 

identify few pests and cannot differentiate from beneficial natural enemies. They perceived all 

insects and growth as a threat to their production and therefore use pesticides to control them. 

This is substantiated from the responses on their opinion of deleterious effects of pesticides to 

which only 10.1% respondents showed an awareness of natural enemies’ mortality. Some 

farmers could however identify pests and pest types based on experience.  

Awareness of pest and pesticide information is limited to what farmers learn from pesticide 

dealers and other farmers (referred to as neighbours in this study), with results showing that 
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57.2% and 31.1% of respondents rely on pesticide dealers and their neighbours respectively 

for pesticide advice. Few farmers in this study had contact with extension agents, which they 

claimed was through farmers’ field school. Pesticide dealers and fellow farmers play a 

significant role in farmers’ pesticide knowledge as more than half of the respondents had never 

received training on pests and pesticides. This is similar to Yilmaz’s (2015) findings who 

reported a significant amount of information on pesticide use is received from pesticide dealers. 

Also the results align with those of Mubushar et al. (2019) who found that 69% of farmers rely 

on neighbours for pesticide information. Despite the awareness displayed on the deleterious 

effects of, farmers continue to use pesticides because they claimed the effectiveness, 

convenience, and affordability of products in pest control.   

7.4.2.4 Perception of benefits and risk  

Farmer behaviour is often influenced by their perception of benefits and risk. Farmers’ 

perception of the benefits pesticides suggests their dependence on these products are likely to 

continue unless there is an aggressive and consistent intervention program (education and 

training) to provide alternatives to chemical pest control. This is because evidence from focus 

group discussions indicates farmers perceive pesticides increase their yield. This is a category 

error as pesticides are only intended to protect crop against loss or damage from pests. They 

also perceived pesticides’ affordability, availability, and convenience as benefits. This was not 

the case in the earlier years when pesticides were first introduced as reported by Banjo et al. 

(2003) who found cost and availability were constraints to pesticide use decades ago. 

Alternatives to chemical control may appear costly or difficult to adopt, the high environmental 

and social cost of over-dependence on pesticides still need to be considered. This is so because 

farmers during interviews and focus group discussions clearly displayed a nonchalance to risk 

of pesticides and see symptoms of poisoning/exposure as a mild occurrence which they ignore 

or in one case handle by taking milk. They also lack the full understanding of IPM as an 



 

204  

alternative to reducing pesticide use and increasing long-term productivity of their farm 

practice.  

Respondents in focus group discussions indicated that the benefits of pesticides include the 

reduction in pest levels with immediate results. This perception may inform farmers’ 

rationalization on the effectiveness of pesticide to reduce pesticide severity and hence prevent 

loss of yield due to pest. This can be explained using the theory of reasoned behaviour/action. 

TRA (as developed by Fishbein and Ajzen 1975, Ajzen and Fishbein, 1980) assumes human 

beings usually behave in a sensible manner, by taking into account every available piece of 

information and implicitly or explicitly consider the implications of their actions. Reasoned 

action predicts that behavioural intent is created or caused by two factors: attitudes and 

subjective norms. This infers that farmers’ use pesticides based on their reasons/motives such 

as profit, insurance, income. 

7.4.3 Livelihoods and Motivations 

A great advantage of urban agriculture is the ready provision of reliable and regular access to 

wholesome food. Food coming from rural areas is increasingly subjected to challenges in 

market flow because of limited infrastructure in terms of good road and adequate storage 

facilities. This has increased demand for food grown in the city and many residents see it as an 

opportunity to earn additional income and improve their household income. The survey found 

that farmers attributed a large percentage of their income to urban agriculture. For instance, 

survey presented in table 6.13 indicated 62% of respondents earn over 50% of their annual 

income from UA. As a result of this reliance, farmers agree that it motivates pesticide use as a 

form of insurance for their expected income. Furthermore, the increase in demand for urban 

grown food, mainly vegetables, is also a motivating factor for pesticide use with 87.9% of 

sample population using pesticide to control pests and weeds on their farms. As farmers’ 
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livelihood rely on product yield and quality, farmers protect their crops against all forms of 

pesticide attack.  

Consumers demand for high quality crop influenced farmers in this study. As discussed in 

earlier sections, vegetable production forms a big part of urban agriculture production. 

Vegetable production is a major part of urban agriculture in West African cities such as Lagos, 

Port-Harcourt and Kano (Ezedinma and Chukuezi, 1999, Binns et al., 2003), Accra in Ghana 

(Amoah et al., 2006), Bobo Dioulasso in Burkina-Faso (Centres, 1996), Cotonou in Benin 

(Brock and Foeken, 2006), Yaounde in Cameroon and Dar-es Salaam in Tanzania (Dongus, 

2001; Smith and Lamba, 2015). This trend is supported by evidence reported in this study 

where 72.3% of urban agriculture practice is geared towards vegetable production.  

Vegetables have been reported to receive considerable high amount of pesticide being a high 

value crop (Jeyanthi and Kombairaju, 2005). This high dependence on pesticides is supported 

by evidence found in this study where 87.9% of farmers use these chemicals. It can therefore 

be said that the value of crop is one of the factors that drives pesticide use in urban agriculture. 

7.5 Legislation and pesticide monitoring 

The laws on pesticide management in Nigeria can be blurry because of the multiple agencies 

involved. As discussed in Chapter 2, regulation of the distribution and use of pesticides are 

regulated under several policies which include the Nigerian Agricultural Policy (1988), the 

National Policy on Environment (1989), amended Federal Environmental Protection Agency 

Act 58 (1992), National Environmental Standards and Regulations Enforcement Agency Act 

(2007) and National Agency for Food and Drug Administration and Control, amidst other many 

others. However, research findings showed that respondents are not aware of the legislations 

behind pesticide management and therefore lack understanding. This shows there is no 

awareness in the premise behind it. Farmers will only adopt safety measures if they believe the 

benefits outweigh its non –use which as a participant said:  
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When you go to the market and can’t find the product you have been using, you are told 

it is no longer available and marketers provide you with an alternative. I have been 

offered some of these banned products at a higher cost because it works better. (Farmer 

S) 

Aside for lack of awareness on the part of the farmers, the country’s pesticide legislative bill is 

yet to be passed into law which explains the zero awareness exhibited by farmers.  

  



 

207  

Chapter Eight 

Pesticide Use in Urban Agriculture and Sustainable Development 

8.1 Introduction 

This chapter is a synthesis of the interdisciplinary study, using a combined methodology from 

natural and social sciences. Results from each method used has been discussed in chapters five 

and seven. This chapter discusses the subject of concern within the context of sustainable 

development i.e., the impacts of pesticide use on SD.  This chapter begins with a recap of the 

research aims and activities carried out in finding answers to these questions. It is followed by 

discussion of research findings relevant to the study of exploring/assessing pesticide use in 

urban agriculture in Ibadan, south-west region of Nigeria. The chapter concludes with a section 

on my reflections on research positionality which might have influenced research findings, 

summary of findings and recommendations for future research directions. 

8.2 Recap of research objectives, questions, and activities 

As highlighted in Chapter 2, Urban Agriculture has been endorsed internationally by several 

organizations, agencies, and studies as a strategy to promote food security, poverty reduction, 

sustainable use and environmental management, social integration and participatory 

governance (Binns and Lynch, 1998, FAO, 1999, Lynch et al., 2001, Pasquini, 2006, Zezza 

and Tasciotti, 2010, Dubbeling and Merzthal, 2014). However, one of the factors limiting it 

from fulfilling its potential is impact of pesticide use on the environment, society, and long-

term economic sustainability (RUAF, WAAPP-Nigeria, 2013). Similarly, few of the studies 

that acknowledge the benefits that comes with UA also suggest exercising caution on its wider 

implication for the environment (Binns and Lynch, 1998). 

Pesticides are frequently used to protect crops in the midst of the global challenge of securing 

food production despite its many negative impacts arising from misuse of the compounds 

(Ajayi, 2000 and Jansch et al., 2006). It is regularly used by farmers to protect their crops and 
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livestock, and subsequently reduce the loss of yield to pests (Carvalho, 2007).  However, as 

important as it is to promote food security and reduce poverty by reducing losses to pests, the 

need for promoting sustainable agricultural practices is paramount. Since UA has the potential 

to promote a sustainable environment, with sustainable environment being synonymous with 

mitigating climate change effects, a premise on which this study was based on, an assessment 

of pesticide uses amongst urban farmers in Ibadan, southwest Nigeria, was carried out. This 

study recognised the significance of multi-dimensional research enquiry to proffer an effective 

snapshot of the problems being investigated.  

8.2.1 Research objectives and activities 

The overall research aim of this thesis was to combine an investigation of pesticides 

contamination in the study area with an exploration/assessment of pesticide use in urban 

agriculture in Ibadan, South-West Nigeria.  

The specific objectives were: 

 to develop a research framework for an integration of natural and social science 

investigation into pesticide use 

 to assess pesticide contamination through chemical and biological analysis 

 an attempt to create a possible historical and current profile of pesticide use in the study 

area 

 an assessment of farmers’ knowledge, behaviour, motivations, and perception on 

pesticide use. 

The research activities included: 

 literature review to develop a research framework 

 sample collections and pesticide analysis 

 questionnaire survey, coupled with focus group discussions, interviews and key 

informant discussions. 
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8.3 Research framework for an integration of natural and social science investigation into 

pesticide use 

As highlighted above, the need to assess the impacts of pesticide use among urban agriculture 

practitioners in Ibadan is important because of the strategic contribution of this form of 

agriculture to sustainable development goals. Table 2.1 in chapter 2 summarises the relevance 

of this research study to sustainable development goals 1, 2, 3, 8, 11, 14 and 15 in line with 

Africa’s Agenda for growth in Agenda 2063 (AU, 2015).  

Given this background, after conceptualising the subject of concern within the context of 

sustainable development, this study presented a research framework in chapter four and 

graphically illustrated in Figure 4.1 that encompasses the research paradigms that allow for the 

integration of approaches from both the field of natural and social sciences.  With the methods 

defined in the framework, the other objectives of this study were attempted. 

8.4 Pesticide use and the environment 

Despite studies reporting the serious risk posed by pesticides to the environment and the society 

(Ajayi, 2000; Jansch et al., 2006; Odewunmi, 2013; Damalas et al., 2018), the incidence of 

pesticide use among urban farmers is very high in this study (87.9%) and comparable to studies 

carried out by other researchers on pesticide incidence in Nigeria. In the baseline study on 

pesticide use across the whole of Nigeria, WAAPP (2013) reported 92.3% of farmers 

interviewed across nine states used pesticides. Tijani (2006) in his study on pesticide use and 

practice by cocoa farmers in Ondo state recorded 96% of farmers using pesticides. Also, 94% 

of farmers were reported to use pesticides in the study carried out by Babarinsa et al., (2017) 

in five local government areas of Oyo state. Similar studies that reported high pesticide use 

include Mbagwu and Ita, 1994; Ibitayo, 2006; Ugwu et al., 2015; Oluwole et al., 2015). This 

high incidence of pesticide use could be attributed to the intensive management of vegetable 

pests (Dinham, 2003) as the majority of participants in this study practice vegetable production, 

which is a high value crop and has high demand.  The high incidence of pesticide use may also 
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be a result of the perceived ease of use and effectiveness in control of pests and weeds in 

agriculture (Okonya and Kroschel, 2015; Jallow et al., 2017; Bhandari et al., 2018). 

Furthermore, soil and sediment analysis indicate the presence of organochlorine and 

organophosphate residues in the study area. These organochlorine residues are possibly from 

historical pesticide use before it’s ban. However, this study confirms previous report of 

organochlorine use amongst farmers long after it’s ban. The findings from this study suggest 

72.1% of sample population rely on urban farming as a sole source of income; with 62.1% of 

them earning more than 50% of their income from vegetable production alone.  Vegetables 

being a high value crop for most of these farmers may influence their decision to use pesticides, 

possibly due to pressure to protect their income and a reluctance to risk economic losses as a 

result of poor economic conditions (Atreya, 2007) in developing countries such as Nigeria. The 

evidence from this study agrees with previous studies that indicated a relationship between 

farmers’ income and pesticide use (Robinson et al., 2007; Xu et al., 2008; Lagerkvist et al., 

2012; Rahman and Chima, 2018). 

8.5 Pesticide use and the society 

One of the endearing characteristics of urban agriculture is the opportunity it proffers to provide 

food for household, food for income or a mixture of both (Mougeot, 2000; Gockowski et al., 

2003; Zezza and Tasciotti, 2010; Zeeuw and Drechsel, 2015). This way, UA had the potential 

of providing wholesome (Amar-Klemesu, 2000) and pesticide-free food as compared to 

conventional agriculture, where there has been reports of high pesticide use, with associated 

risks to health from consumption.    

Findings in this study showed 44.2% of respondents practice urban agriculture for the dual 

purpose of generating income and providing subsistence food. Coupled with the high of 

incidence of pesticide use reported in this study (87.9%), it is clear that to protect their crops 

and animals, sustain their yield and secure their food, most farmers, even those that grow for 
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household consumption only, relied on chemical control to achieve this.  Given that a combined 

27.9% of respondents work in private and public sectors, with 1.6% being self-employed, the 

use of pesticides may be motivated by the need to cut their food costs because of low wages, 

as urban residents are likely to spend 60-80% of their income on food (Maxwell et al. 1999 and 

Amar-Klemesu 2000). For those who practice urban agriculture as a sole source of income are 

more motivated to use pesticides to protect their investments and would not want to risk crop 

failure. 

Farming experience of respondents in years varied from 12.1% to 20.0%. This study had an 

aggregate of 52.1% of farmers who had 11 years and above farming experience. This 

experience could mean more knowledge for these farmers and therefore, help to reduce reliance 

on pesticides (Zhang et al., 2018). This is however not the case in this study as there was no 

statistically significant relationship between farming experience and pesticide use. On the 

contrary, farmers who had 11 year’s experience and above use more pesticides while most 

farmers with 1-2 years farming experience do not use pesticides. This is a deviation from 

expected behaviour by experience but can be explained with new farmers’ probable pest 

management strategy to adopt other forms of pesticide control aside from chemical control.  

As a majority of participants in this study are into vegetable production, there could be 

relationship between crop type grown and pesticide use because of the high susceptibility of 

some crops to pests. Leafy vegetables such as Celosia and Amaranth are in high demand and 

are very susceptible to insects’ attacks. Farmers may be motivated to use pesticides on a heavy 

rotation to protect their investment. This was the case at the start of this research survey where 

farmers in Mokola barrack complained of pest outbreak and why they needed to change 

products to control the pestilence.  
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This brought about the issue of pesticide cocktails during focus group discussions. This practice 

has been reported in several studies carried out in developing countries (Mariyono, Mengestie 

et al, 2013). Participants in the discussions and interviewees mentioned that they do practice 

pesticide cocktail because they see better results when they so apply it. They also said during 

multiple pestilence outbreaks, mixed pesticides are very effective in combatting the pests and 

reduce the application time. For example, one farmer who participated in this research said he 

has had instances of repeating the same product twice to control a single pest with no result 

and that when he mixed it with other products, he saw results.  

This practice was referred to as ‘booster’ by one of the pesticide dealers as they claim to 

occasionally advise customers to mix products when they complain about ineffectiveness of a 

product. This finding is consistent with that reported by Xu et al., (2008) where pesticide 

dealers are motivated by profit to advise farmers to mix pesticides to obtain higher pesticide 

efficacy. 

Dealers and farmers alike do not give consideration to the adverse effects that could arise from 

synergistic reactions between two different pesticides when mixed together. It was clear from 

these discussions that they do not realize the huge impact pesticide cocktail practice may have 

on the environment. For example, Ngowi et al. (2007) explained that interactions between 

insecticides, fungicides, and water mineral content can influence the efficacy of pesticides 

against fungal pathogens and insect mortality, some mixtures may lead to phytotoxicity in 

tomato, onion, and cabbage (Mengistie et al.,2015).  This practice, revealed by this research to 

be widespread amongst urban cultivators and advocated by input dealers, needs to be tackled 

in order to avoid risk of chemical pollution. 

Urban agriculture was often considered as a transitory land-use activity, with Lynch et al. 

(2001) pointing out the land insecurity threats faced by practitioners in their research on urban 
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farming in the context of Kano, and a subsequent impact on livelihoods. However, this study 

showed a majority of land used by farming plots are self-owned (30.1%), with 34.6% 

Government-owned, 19.1% rented and 11.4% undeveloped land. This distribution provides an 

opportunity for Government, as landlord of a substantial proportion of the respondents to this 

survey. It could be possible to use their influence as land owner to incentivise pesticide use on 

their land by encouraging farmers using their land to minimize pesticides or allocating access 

to land with conditions on pesticide use. 

8.6 Pesticide use and farmers’ pesticide application patterns/behaviours 

The data acquired from farmers in this study were not sufficient to define pesticide application 

patterns, such as total number of applications per season, quantity per surface area and spray 

concentrations. This is because all respondents’ (including pesticide users and non-users) did 

not keep records. Record keeping in farm management is essential to a successful farm 

operation of application. It is helps in maintaining good agricultural practice which may reduce 

risk of overdose and poisoning.  The lack of records made this an area of practice that was 

beyond the scope of this research, as an additional method of evidence gathering would have 

been required. This is therefore an area that could be explored in future research, which should 

include both the generation of a method of data capture on application practice as well as the 

data on the practice itself. However, information on time of application. 

Inadequate access to protective equipment during pesticide application has been cited as a 

major occupational hazard in developing countries (Okoffo et al., 2016). Respondents in this 

research appear to be aware of this hazard though a great proportion of them indicated that they 

did not use full PPE in pesticide application (87.4%). This is similar to findings reported by 

Tijani (2006), Panuwet et al. (2012) Mengistie et al. (2015) in developing countries where 

majority of farmers do not wear full PPE. Although full PPE is rarely used, 54.5% of 

respondents reported that they cover their body and face with cloth during application and 
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another 39% only cover their face.  From follow-up discussions during the interviews and FGD 

respondents reported that they mostly use their hands when mixing pesticides in the knapsacks 

or buckets, exposing them to the risk of chemical effects through dermal contamination. They 

also do not adequately protect their feet as most farmers’ wear slippers during application.   

This is an unsafe behaviour with potential risks to pesticide exposure, and a subsequent impact 

on their health. An explanation for non-use of PPE was given by farmers during interviews and 

focus group discussions as high cost of procurement and the discomfort that comes with it in a 

hot climate. The only farmer in the study who indicated they were in possession of PPE, 

described the discomfort that comes with it discouraged him from wearing it. The evidence 

from this research therefore is in agreement with Ecobichon (2001) when he mentioned that 

farmers fail to wear PPE due to heat-related discomfort. The implications of the results of this 

research therefore are that there is a significant challenge in ensuring that PPE equipment I 

both accessible and used by farmers in pesticide application, particularly where dermal 

contamination is a high risk. 

The use of knapsack sprayer was found to be very high among respondents (62.1%) even 

though most of them rent it. This may improve efficiency of spray applications if good 

agricultural practice is adhered to. Participants in discussions agreed that use of knapsack 

sprayers has reduce their cost on pesticides because they have less waste and can adequately 

direct the nozzle to the spray area. This efficiency arising from knapsack sprayer was also 

highlighted by Sikkema et al. (2008).  

However, respondents were able to provide stages of growth that they apply pesticides. In the 

case of herbicides, farmers mostly use pre-emergence herbicides after land clearing, during 

land preparation for a new cycle of planting. During growth, they resort to hand-weeding or 

use of hoes (simple farm tools) to clear emerging weeds.  However, for some of the horticultural 
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farmers interviewed, they use both pre-and post- emergence herbicides as a routine. Some 

interviewees indicate that the frequency of application is influenced by factors such as 

availability of pesticides, field conditions (pest, disease and weed), and farm area. This agrees 

with the findings of Lekei et al. (2014) in their studies of farmers’ knowledge in Tanzania.  

Others apply pesticides on a precautionary basis monthly, and then they increased the 

frequency of application if they detect signs of an impending attack. It can be inferred from 

surveys, interviews, and discussions that despite a relatively high level of education amongst 

the participants of this research, farmers mostly ignore the recommended frequency of 

application provided on formulation labels or by advisers. This behaviour could be explained 

by the concept of ‘pesticide treadmill theory’.  The pesticide treadmill theory has been used by 

entomologists, environmental campaign groups such as Pesticide Action Network and Friends 

of the Earth to describe farmers’ dependence on pesticide in their practice (Bosch 1978). This 

theory argues that farmers will continue to depend on pesticides as more pests grow resiitant 

to the formulation. The evidence from this research is that farmers are on the pesticide treadmill 

as they use these products as part of their farm practice, regardless of whether there is an 

outbreak or not.  

8.6.1 Farmers behaviour and good agricultural practice 

Knowledge has been defined as a fluid mix of framed experiences. The level of knowledge can 

influence behaviour of individuals; the higher the knowledge level, the more likely the 

individual is expected to show safe behaviours (Rezaei et al., 2017).  However, as has been 

demonstrated by the evidence collected for this study, there appears to be a mismatch between 

the levels of knowledge, experience, and education on the one hand and expected safe 

behaviours on the other. Storage of pesticides was indicated by farmers as on site, in storage 

boxes, and sheds. About 27.9% of respondents indicated they kept pesticides on site which may 

pose the risk of accidental use and spillage, leading to contamination of soil environment. This 
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is common in developing countries according to Ngowi et al., 2001 and Murphy et al., 2002.  

22.1% stored their products in secured storage boxes which is similar to what Tijani (2006) 

Respondents in this study had no record of their farming practice and could not provide 

documented information on their pesticide use. This is alarming and may be responsible for 

aggravating farmers’ perception on benefits of pesticide use. There was no report of 

respondents reusing pesticide containers or packaging for storage of other items in this study 

as reported by Tijani (2006). This however does not suggest that respondents do not reuse this 

container as there was no system in place for disposal or recycling of this waste. However, 

knowledge and behaviour of respondents on disposal of containers and packaging is very low 

as these are being disposed on site, burning and on the dump.  Pesticides in developing 

countries like Nigeria coupled with the absence of adequate farmer education and effective 

regulatory measures has led to concern about the impacts of these pesticides on public health 

and in particular the exposure and poisoning of farmers and farm workers. This is particularly 

acute in an urban agricultural setting, as in addition to these direct exposures from agrochemical 

effects, in an urban setting, there are more people in proximity to the sites of pesticide 

application that can be affected than might be found in a rural setting. 

8.6.2 Farmers’ pesticide awareness, knowledge, and behaviour  

Farmers’ awareness and knowledge of pesticide risks are crucial for improving safety 

(Damalas, Spyridon and Koutroubas, 2018).  For example, in Öztaş et al. (2018) study into 

‘knowledge level, attitude, and behaviors of farmers in Cukurova region regarding the use of 

pesticides’, farmers’ awareness of pesticides was found to be related to their educational status 

as educated farmers can read publications and access information through the Internet.  Other 

studies reinforce this position in similar contexts (Atreya, 2007 and Rios-Gonzalez et al., 

2013). The majority of farmers in this study were educated beyond secondary education, 

though they reported high levels of pesticide use and low levels of risk management in the 
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handling and applications processes. However, with this high degree of educational knowledge, 

a majority of farmers use pesticides despite the risks associated with it.  Also, most farmers 

during discussions indicated limited awareness of pest types and they could only identify few 

pests and cannot differentiate from beneficial natural enemies. They perceived all insects and 

growth as a threat to their production and therefore use pesticides to control it. This is 

substantiated from the response rate on their opinion of deleterious effects of pesticides to 

which only 10.1% response portraying an awareness of natural enemies’ mortality. Some 

farmers could however identify pests and pest types based on experience.  

Farmers in this study are aware that pesticides can pose hazards to humans, especially the risk 

of pesticide poisonings. As discussed in chapter 3, this danger may be determined by the 

pesticide’s chemical makeup and formulation, its path into body, the amount that enters the 

body and the length of exposure.  Farmers agree that wearing PPE can greatly reduce the 

potential for dermal, inhalation, eye, and oral exposure, and thereby significantly reduce the 

chances of a pesticide poisoning. However, they complained about the possible discomfort 

from wearing it during application. This finding indicates a correct knowledge of pesticide 

routes of absorption which is consistent with other studies regarding awareness of pesticide 

risk and handling of pesticide by farmers (Burleigh et al., Berg, 2001; Matthews et al., 2003, 

Isin and Yildrim 2007).  However, there appears to be a mismatch between he perceived 

seriousness longer term pesticide poisoning and short term discomfort of wearing PPE 

equipment. 

The evidence gathered in this research indicates that urban farmer awareness of pest and 

pesticide information is limited to what they learn from pesticide dealers and other farmers 

(referred to as neighbours in this study), with results showing 57.2% and 31.1% of respondents 

rely on pesticide dealers and their neighbours respectively for pesticide advice. Few farmers in 

this study had contact with extension agents during farmers’ field school.  
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Pesticide dealers and fellow farmers play a huge role in farmers’ pesticide knowledge as more 

than half of the respondents had never received training on pests and pesticides. This is similar 

to Mubushar et al., (2019) findings in a study on ‘assessment of farmers’ knowledge on 

pesticides and trainings on pesticide waste management in central Punjab – Pakistan’ in which 

69% of farmers rely on neighbours in. Yilmaz (2015) also reported a significant amount of 

information on pesticide use is received from pesticide dealers in their study in analysis of 

environmental awareness of farmers’ decisions and attitudes in pesticide use in Turkey. This 

research is indicating a pattern of knowledge acquisition that replicates what has been found 

elsewhere. Farmers’ dependence on pesticide dealers and neighbours may be attributed to the 

complete lack of training provided to farmers within the city. As stated by an agricultural 

extension agent in the Fadama field office, ‘Are there real farmers in the city? This suggests 

priority is given to farmers in the rural areas when it comes to agricultural training and 

information. Providing training and support is rural farmers is important, however, considering 

the synergistic contribution of UA to food production with the most reliable data recorded 

nearly 800 million people involved in UA in 1996 (Smit et al., 1996), it is important that urban 

farmers are valued as part of the Agricultural production system.  Another possible explanation 

for the poor information dissemination to urban farmers may be due to limited incentives as 

described by Chukwudebe et al. (1997) who opined that agricultural extension agents are 

possibly distracted by commercial incentives from dealers and subsequently spend more time 

on commercial activities in areas with more farmers (which are rural areas) than on extension 

activities such as information on safe handling of pesticides. This may be the case for few 

extension activities that happen in the cities such as farmers’ field school where substantial 

amount of time is spent marketing products to attendees (Researcher’s observation, 2016). The 

significance of this is that crucial training of farmers is neglected. 
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Environmental impacts from pesticide use are determined by the type of chemical used, 

quantity applied and weather conditions. Results from surveys and interviews revealed that 

respondents use many types of pesticides, which include insecticides, herbicides, fungicides, 

rodenticides, acaricides and nematicides. These pesticides are classified according to the new 

globally-harmonized system, which replaced the 1975 WHO hazard classification system 

based on physical, health and environmental hazards (WHO, 2009). They are also classified 

according to their oral and dermal toxicity; and chemical groups (WHO, 2009). It is designed 

as a general and simple approach to defining and classifying hazards; communicating 

information on labels and safety data sheets for all chemicals; and provides the underlying 

infrastructure for establishment of national, comprehensive chemical safety programs. The 

pesticides used by respondents in this study belong to Organophosphates, Pyrethroids, 

Triazines, Carbamates and Glyphosates chemical classes. Organophosphate and carbamate 

pesticides are inhibitors of cholinesterase (an enzyme responsible for the breakdown of 

acetylcholine which could cause problems in the nervous system).  However, evidence 

gathered in this research has demonstrates that some farmers still use some products which 

have been banned but can still be found on the black-market.  

8.6.3 Farmers’ motivation for pesticide use 

One of the motivations for pesticide use according to farmer participants in this research is the 

perceived opportunity to ensure high sensory quality attributes of vegetables to meet the 

demand for aesthetic quality by consumers (Lagerkvist et al., 2012). Insect pests and plant 

diseases are major yield reducing factors that threaten food security and farmers’ income. In 

this study, 74.6% of respondents indicated they expected that they would suffer up to 20% 

decline in yield without using pesticides.  

The application of pesticides can be seen as a way to manage this potential loss.  When 

compared the potential 20% loss in yield, the comparative outlay of chemicals and renting a 
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knapsack sprayer can be offset against this loss from discounted net present value of stream of 

returns from doing so is positive. This can support the use of unsustainable pest control 

strategies and is more likely to do so, the higher the real discount rate. This is usually considered 

to be higher in less developed countries (LDCs) than in more developed countries (MDCs). 

Hence, to use less sustainable techniques is more likely in LDCs. It is also possible that farmers 

in LDCs are less informed about pesticides than those in MDCs.  

8.7 Pesticide use in urban agriculture within the sustainability framework 

One of the theoretical concepts of this research is how pesticide use in urban agriculture 

impacts sustainability. Sustainability has three main dimensions namely, society, economy and 

environment (Brundtland Commission, 2000). This principle transcends a single industry but 

cuts across all sectors or industries whose activity in one or the other may impact sustainability. 

One of such industry/sector is agriculture and achieving sustainable agriculture is one of the 

most important goals for attaining sustainable development (UNCED, 1992; Conway and 

Barbier, 2013; FAO, 2002). Sustainable agriculture’s definition, fashioned after the Brundtland 

Commission’s definition of sustainable development, is agriculture that meets society’s need 

for food without compromising the ability of future generations to meet their own needs (Pretty, 

2008; Velten et al., 2015). 

The sustainability of African agriculture is important to the continent’s food security and for 

maintaining agriculture’s contribution to her rural communities and national economies, 

especially with Agenda 2030 project. Agriculture, in all its forms, impacts on society, economy 

and environment in its practice. Its impact on society stems from food provision which is 

necessary for human sustenance and survival; this could be said to be agriculture’s greatest 

impact (Robertson et al., 2014). Also, it drives economy on all levels through the generation 

of income, being a significant sector in Nigeria’s economy with 20.8% contribution to its’ gross 

domestic product (World Bank, 2017) and an economic mainstay of its many households 
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(Udoh, 2000). However, agriculture’s impact on the environment is characterised by land 

degradation from intensive land use, deforestation, biodiversity loss, pesticide contamination, 

pest resistance to pesticides, among other environmental problems (Ruttan, 1999; Jirtle & 

Skinner, 2007; Aktar et al., 2009; Rohila et al., 2017). It is now very clear that routine use of 

pesticides as part of agricultural practice has adverse effects on the health of ecosystems and 

humans as many of these substances are highly toxic and have been progressively banned as 

their toxicity has been proven. What is even more frightening is that the new products that are 

categorised as safe are far more toxic than those that stay long in the soil. 

Organophosphates are considered ecological alternatives to organochlorines and include 

malathion, parathion, and dimethoate and glyphosate. Some of them however are known for 

being potential endocrine disruptors. The possible synergistic effects of pesticide cocktails 

need to be highlighted to stop the practice because the combination of substances with possible 

carcinogenic or endocrine-disrupting effects may produce unknown adverse health effects. 

Therefore, the determination of safe levels of exposure to single pesticides may underestimate 

the real health effects, ignoring also the chronic exposure to multiple chemical substance. 

Considering the several possible effects of health and environmental effects of chemical 

pesticides, especially with its potential impact on non-farming residents, urban agriculture can 

be redirected to protect the environment. 

Urban agriculture was promoted as an alternative to modern rural agriculture to enrich and 

transform cities on its pathway to sustainability whilst still providing food and income 

(Mougeot, 1994). Several studies have however mentioned the unsustainable urban agricultural 

practices such as pesticide misuse and overdependence are causing pest resistance to pesticides, 

loss of biodiversity and, among other environmental problems (Ruttan, 1999). This research 

indicates that UA, which may be a survival strategy for practitioners, practised by different 

categories of people for different reasons, is being threatened by an over-dependence on 
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pesticides. Findings in this study have shown that pesticides are being used by majority of 

farmers in their urban farming practice which resonates with other studies (Mbagwu and Ita, 

1994, Ibitayo, 2006; Ngowi et al., 2007; Ugwu et al., 2015; Okonya and Kroschel, 2015; 

Oluwole et al., 2015). Though farmers in this study claim pesticide is used for pest control, 

increased yield, improved storage, and improved quality of produce, it is concerning that a 

majority of farmers use pesticide as a precautionary management practice. Continued 

dependence of farmers on pesticides may hamper their future livelihoods through pest 

resistance to chemical control, and thereby, affect their earnings. It also has a potential to reduce 

crop yields and the nutritional quality of the produce. It also affects their health (Oluwole and 

Cheke 2009; Damalas and Eleftherohorinos, 2011) even though farmers in this study did not 

report any significant health impacts from pesticide use.  In order to raise the potential of urban 

agriculture as a form sustainable agricultural practice, an appropriate Government response to 

pesticide use is important.  In this study, some farms are situated near water bodies and 

therefore present a huge risk of pesticide contamination of the water bodies and subsequent 

onward transmission of the chemicals into the urban system and potentially into human 

consumption. Pesticides enter waterbodies in farming systems through spray drift, rinsing of 

pesticide containers and packaging, and leaching into water courses (Damalas et al., 2008).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

The influence of several physical, chemical, and biological processes acting on pesticides that 

are exposed to high temperatures may change their composition and effect on non-target 

organisms. 

8.8 Reflections 

This section is a brief reflection of my research journey, highlighting both personal and 

academic curiosities that formed and shaped this study.  The ontology of studying the incidence 

of pesticide use stemmed from it’s widespread use amongst residents in Ibadan after a first-

hand experience of how much people rely on it from household pest control to weed control 
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and in small-scale farming. Given me my professional and academic background in 

Agriculture, I decided to focus on pesticide use in farming.  

With the report by RUAF highlighting pesticide use as a possible impediment to UA’ s 

potential for promoting sustainability, it became important to explore both the natural and 

social dimensions of uses and impact and therefore laying a foundation for a mixed method 

research. I had to attend workshops and one-to-one trainings on using social methods research 

to develop my research skills. I also had to learn new methods of natural science inquiries such 

diatom analysis to support my research methodology.  

In retrospect, carrying out a mixed method research was daunting, but it was the most logical 

research method that could help me understand the dimensions of sustainability that were the 

bedrock of this study. I realised that not only assessing contamination in the environment but 

understanding the motivation driving the primary consumers (farmers), I was able to highlight 

issues and possible measures to mitigate them. I had to learn and relearn research skills that I 

might require, and I must say it has been a learning curve for me, especially in my interactions 

with the farmers. 

8.9 Research recommendations 

An understanding of the factors that drive pesticide use by farmers may be informative in 

developing effective policies on sustainable pest management in Nigeria, which will also 

improve UA’s chances in promoting sustainability. Urban agriculture can promote urban food 

security and therefore, supporting farmers to reduce their reliance on chemicals will help in 

ensuring sustainability. According to Pimentel et al., (1997), promoting natural pest regulation 

may reduce farmers’ dependence on pesticides and subsequently, improve their long-term 

productivity and profit. This will in turn feed into the sustainable development goals of 

achieving sustainable agriculture whilst still promoting food security. 
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Participants in this study are mainly small-scale urban farmers who are important in the global 

drive to adopt urban agriculture as tool to promote food security, reduce the length of food 

chains and bring producers closer to consumers. They however lack the technical know-how 

on pesticide handling which has increased the risk of pesticide impact in the environment. With 

the continued high incidence of pesticide use, it became necessary to reassess the role of urban 

agriculture in promoting sustainability and mitigate the limitations presented by this. To fully 

realise its potential for agricultural sustainability, its impact on the environment, most especially 

from pesticide use driven by limited knowledge of pesticide risks, poor agricultural practices, 

and financial and aesthetic motivations; must be acknowledged.  

Farmers, according to Wilson and Tisdell (2001), will continue to use pesticides as long as they 

enjoy its’ perceived benefits. Benefits in terms of high profit from aesthetically acceptable 

products, low labour cost on labour, ease of acquisition and application will continue to drive 

pesticide use only if alternatives to these chemicals are made accessible. Farmers in this study 

says the use of Neem extract is expensive for their business and to prepare a homemade version 

is challenging. Incentives in form of discounts to farmers who adopt bio-pesticides will redirect 

farmers’ perceived opinion on pesticides. Furthermore, educating the public on the danger of 

possible pesticide residue may influence their demand for quality and sensory attributes in 

agricultural products. 

The results of this study on educational status and pesticide knowledge suggests urban farmers 

in Ibadan use pesticides despite their high educational status, which was expected to have an 

influence on their choice of pesticide use. Even though focus group participants argued that 

being educated increase their awareness of pesticide risk and therefore, inform them on better 

handling practices, Atreya (2007) explained that high educational status is not synonymous to 

an awareness of pesticide good agricultural practices. Their use of pesticides may also be linked 

to lack of training activities and programmes designed to support their pest management 
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practices. By acknowledging it, capacity building, knowledge drive and ecological 

responsibility need to be adopted. If farmers can become convinced on benefits of sustainable 

farming, their reliance on pesticide will be minimized. Stakeholders and policy developers need 

to create an awareness on ecological responsibility through a participatory approach by 

engaging farmers on impacts of pesticide dependence in our urban environment. Sustained 

efforts at training farmers through the strengthening of extension agents as source of correct 

information would minimize the influence of the suppliers and dealers on farmers’ decisions 

to use pesticides. According to findings of this study, suppliers are found to be biased in their 

advice even though some evidence also pointed to extension agents being influenced by 

marketers in the information they provide.  

Urban agriculture can promote urban food security and therefore, supporting farmers to reduce 

their reliance on chemicals will help in ensuring sustainability. According to Pimentel et al., 

(1997), promoting natural pest regulation may reduce farmers’ dependence on pesticides and 

subsequently, improve their long-term productivity and profit. This will in turn feed into the 

sustainable development goals of achieving sustainable agriculture whilst still promoting food 

security. Achieving this will require a sustained effort in farmer education, strengthening 

agricultural extension services and moving away from the suppliers of pesticides providing 

(not always unbiased) advice.  

The sustainability of African agriculture is critical to the continent’s food security and for 

maintaining agriculture’s contribution to Africa’s rural communities and national economies. 

Support for local and regional farming, climate prediction methods, financial aid for 

development and infrastructure, and a more united aid initiative would lead Sub Saharan Africa 

towards sustainable and reliable food sources and a more secure future. But more importantly, 

these solutions would lead to less dependency on foreign food aid and greater reliance on 

solutions from within Sub Saharan Africa. The establishment of properly functioning economic 
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and political structures would help to lead countries to food security, as well as help to improve 

the overall wellbeing of the people.  
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Appendix 1 

QUESTIONNAIRE SURVEY 

Research Title: An Assessment of the Impact of Pesticide Use by Urban Cultivators 

in Oyo State, South-Western Nigeria. 

Dear Respondent, 

Thank you for taking time to complete this survey which is looking at the incidence and 

understanding of pesticide use amongst urban agriculture farmers in Ibadan. The responses will 

be use in compliance to strictest confidentiality. 

 

Date of interview …………………………..   LGA ……………………………….. 

Respondent name/ ID No. …………………   Contact No: ………………………...  

Section A: Respondent information (circle all that applies) 

1. Gender: Male  Female 

2. Age:  15-20  21- 30   31-40    41- 50    51-60  >60 

3. Highest educational level: (a) No formal schooling   (b) Primary school uncompleted 

(c) Primary school completed  (d)Secondary school completed (e) College/University 

completed   (f) Postgraduate degree  

4. Main Occupation:  (a) Farming  (b) Self-employed  (c) Public service  

   (d) Private Service 

5. Farming experience: (a) 1- 2 yrs (b) 3 - 5yrs  (c) 6 -10yrs  (d) 11 - 15yrs   

     (e) 16 – 20yrs  (f) >20yrs  

6. Type of farming:  (a) Vegetable/Arable  (b) Agro-forestry  (c) Aquaculture 

   (d) Animal Husbandry (e) Ornamental horticulture 

7. Farm Size: (a) < 1 plot (b) 1-2 plots (c) 3 -5 plots (d) 6 – 10 plots (e) >10 plots 

8. Land tenure status: (a) Own (b) Rented (c) Farmers association  (d) Other 

9. Are you a member of any farmers’ organization? Yes No 

If yes, which farmers’ organizations are you a member of? 

(a) Farmers’ association (b) Marketing co-operative society (c) Youth club  (d) Other  
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10. What percentage of your annual income comes from urban agriculture? Tick all that applies 

 <20 20 – 50% > 50% 

Vegetable:    

Arable Crops:    

Ornamental crops:    

Animal Husbandry    

Aquaculture    

Agro-forestry (fruits)    

 

11. 11. Are you the sole grower/decision maker or do other family members/people work on 

the plot/apply pesticides?   Yes No 

Section B: Pesticides use/practice 

12. Do you use pesticides?  Yes No ; If No, go to question 19 

13. What type of pesticides do you use? Tick all that applies 

Herbicides Insecticides Fungicides Acaricides Rodenticides Nematicides 

      

 

14. How long (years) have you been using it/them? Tick all that applies 

Duration Herbicides Insecticides Fungicides Acaricides Rodenticides Nematicides 

<2 yrs       

>5 yrs       

>10yrs       

>15 yrs       

Others 

(specify) 

      

 

15a. For what purpose do you use it for? Tick all that applies 

Routine 

farm 

management 

Increase 

Yields 

Higher 

quality 

produce 

Improved 

Storage 

Precautionary 

use 

Others 

      

       

15b. Please list others from 15a. ………………………………………………………… 

16a. When do you apply it?  Tick all that applies 
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Seed 

treatment 

Pre-planting During planting & 

growing 

Harvesting 

stage 

Storage and 

Transportation 

     

 

16b. Total number of applications per season? Tick all that applies 

 Herbicides Insecticides Fungicides Acaricides Rodenticides Nematicides 

Frequency       

 

17a. Are you aware of other pest control methods? Yes (go to 17b)    No (please go to 17c&d) 

17b. If yes, what methods? Specify 

 ………………………………………………………………………………………….. 

 ………………………………………………………………………………………….. 

17c.Why do you not apply pesticides?  

 …………………………………………………………………………………………. 

 …………………………………………………………………………………………. 

17d. How do you then control or manage pests? 

 ………………………………………………………………………………………….. 

 ………………………………………………………………………………………….. 

Section C: Good Agricultural Practice 

18.Where do you buy your pesticides? Tick all that applies 

Agro-Dealers  Extension Outlets Street Vendors 

   

19. How do you decide what to buy/use?  …………………………………….............. 

 ……………………………………………………………………………………...  

 ……………………………………………………………………………………... 

 

20. How do you apply pesticide(s)? Tick all that applies 
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Spraying 

equipment 

Watering Can

  

Other means 

(please specify) 

Not applicable   

    

   

21. How do you discard any residues or clean machines/sprayer after use? 

 ………………………………………………………………………………………….. 

22. Have you changed your products or practices over the years? Yes No 

If Yes, why?  ……………………………………………………………………………….. 

23. Are you aware of any legislation? Yes No 

24. Have you received any training or information about using pesticides safely? Yes   No 

24b. If Yes, provide date of most recent training 

25. Who gives you pest control advice?  Tick all that applies 

Neighbour Extension 

agents 

Farmer 

groups 

Relatives Pesticide 

dealers 

Media Others 

(please 

specify) 

       

 

26. Do your neighbours, friends behave in the same way as you? Yes No 

27. Can you rank your level of understanding of GAP for pesticide usage? (Rank 1-5 low- high)   

1 2 3 4 5 

     

 

Section D: Perceptions and Motivations 

28. What are your opinions on the benefits of pesticides? ………………………………… 

 ………………………………………………………………………………………… 

29. What are your opinions about the deleterious effects of pesticides? ………………… 

 ………………………………………………………………………………………… 

30. If you think pesticides are harmful in anyway, why do you use them? …………………… 
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……………………………………………………………………………………………... 

          

31. What is the greatest production risk to your produce? Rank each one 1-5 low-high 

Pests weather soil fertility other 

    

     

32. What percentage risk of crop failure do is there if you do not apply pesticides? 

0 - 10% 11 – 20% 21 – 30% 31 – 40% 41% and above 

     

 

Section E: Economic Consideration 

33. What economic benefits of pesticides do you enjoy? ………………………………… 

 ………………………………………………………………………………………… 

34. What % decline in yield would you would suffer if you did not use pesticides? 

 ……………………………………………………………………………………….. 

35. What % of your production costs (seeds, fuel, labour, agrochemicals, equipment) do 

you spend on pesticides? ………………………………………………………………………. 

 

Thank you for taking the time to participate in this survey! 
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Appendix 2 

Field Photographs 

 

 

Plate a: Farmer wearing his rarely used PPE as a demonstration of how uncomfortable it is 

Photo credit: A. Bodede 

 

 

Plate b: Meeting with horticultural farmers' group 

Photo credit: A. Bodede 
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Plate c: Open markets like Ogunpa are common where pesticides are being sold 

Photo credit: A. Bodede 

 

 

Plate d: A pesticide retailer providing advice on which products to choose which is common 

service as many farmers rely on their advice 

Photo credit: A. Bodede 
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Plate e: Female farmer working on her vegetable farm; this is her sole source of income 

Photo Credit: A. Bodede fieldwork 

 

 

Plate f: Farmer working on his mixed farm (agroforestry, vegetables and annual crops) 

Photo Credit: A. Bodede fieldwork 
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Plate g: Farmer applying herbicide mixed with insecticide at the lakeside 

Photo credit: A. Bodede 

 

 

Plate i: Collecting lake sediments by one of the field asistants 

Photo credit: A. Bodede 
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Plate g: Sediment sample collected from one of the study sites 

Photo credit: A. Bodede 

 

 

 

 

Plate h: Diatom extraction 

Photo credit: A. Bodede 

 




