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Chapter 1 
 

General introduction 
 

1.1 Climate change and smallholder farming 

Climate change is one of the greatest challenges facing humanity today. It is already affecting the lives of 

people across the globe in diverse ways (IPCC, 2021). First, climate change affects food production 

through yield losses leading to reduced global food security. Second, climate change affects farm income 

levels with a negative effect on development particularly for the countries whose economies depend 

mainly on agriculture (Schmidhuber and Tubiello, 2007). Third, evidence continues to emerge linking 

climate change to peace and security through different ways including migration patterns and resource 

scarcity which may result in conflicts among communities (Klomp and Bulte, 2013; O'Loughlin et al., 

2012). Additionally, frequent occurrence of climate change events such as hurricanes and tsunamis 

destroy infrastructure limiting the movement of goods and people.  

In sub-Saharan Africa (SSA), climate change is already causing devastating effects that challenge the 

achievement of sustainable development goals (Barrett et al., 2017). Climate change manifests itself in 

different ways including an increase in the frequency and intensity of extreme weather events such as 

prolonged droughts, unpredictable rainfall, increasing in temperature and floods, all of these have 

negative effects on agricultural productivity. Prolonged droughts and warmer temperatures reduce soil 

moisture and nutrients leading to low crop production (Clements et al., 2011). Similarly, prolonged 

droughts and warmer temperatures impact negatively on livestock production by reducing the 

availability of pasture and water which lead to emaciation in animals and reduced milk production 

(Sejian et al., 2015). 

Regardless of the type of climate change incidence, what is clear is that climate change brings substantial 

welfare losses especially for smallholders who depend on agriculture for their household food security 

and livelihoods (Ojo and Baiyegunhi, 2020). Smallholders are particularly affected by climate change 

because of their limited access to production resources which make it difficult for them to respond and 

adapt to the climate change effects (Amadu et al., 2020). Additionally, the overreliance on rain-fed 

agriculture by the smallholders especially in SSA make them highly vulnerable to climate change effects. 

The future climate projections for Kenya show inconsistencies with some projections predicting a future 

increase in drought frequency and severity (Tan et al., 2020) and others projecting an increase in rainfall 

and floods (Maidment et al., 2015). This indicates that smallholders will need to adapt to the uncertain 
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future. One of the potential ways for smallholders to adapt to climate change is through the application 

of climate risk management strategies (Hansen et al., 2019). 

 

1.2 From climate risk management to resilience 

Climate risk management involves risk identification, analysis and design of response strategies to 

reduce vulnerability (Chavas et al., 2010). From a theoretical standpoint, researchers view climate risk 

management as a static approach that presupposes that farmers know the specific climate risk events, 

probability and intensity of occurrence and thus, they can plan their response strategies. While this view 

of risk management is useful and offers the potential to reduce both the magnitude of the impacts, the 

assumption that farmers know the specific climate risks, probability and intensity of occurrence is 

unrealistic (van Winsen et al., 2014), particularly in SSA where weather forecast reports and information 

are scarcely available, inaccessible and often unreliable.  

Furthermore, farmers face a myriad of other challenges in addition to climate change. For instance, 

farmers face economic challenges relating to price fluctuations, meeting the diverse consumer demands 

and quality requirements; social challenges such as gender inequality in access to production resources; 

and health challenges such as the COVID19 pandemic (Guido et al., 2020). The nature of these challenges 

are largely uncertain with the probability and intensity of occurrence being unknown. This means that 

the use of static risk management strategies to minimize farm risks may be ineffective (Darnhofer, 2014; 

Pannell et al., 2000). 

In response to the ineffectiveness of climate risk management as a response to climate change, the 

concept of resilience has emerged taking centre stage in policy, development and research to improve 

farmers’ ability to adapt to the multiple challenges they face (Czekaj et al., 2020; Darnhofer et al., 2016; 

Meuwissen et al., 2019). At the farm level, resilience refers to the ability to ensure the provision of farm 

functions while facing multiple shocks and risks through strengthening the absorptive, adaptive and 

transformative capacities (Meuwissen et al., 2019; Walker et al., 2004). The resilience concept has 

resulted in the development of the “resilience thinking” a theoretical approach that emphasizes that 

socio-ecological systems, including farms, are dynamic and interdependent across time and space 

(Darnhofer, 2010; Ge et al., 2016). Resilience thinking facilitates the understanding of farms as complex 

systems facing multiple and unpredictable changes. According to Darnhofer (2014) and Slijper et al. 

(2020) the resilience concept represents a shift from static and short-term risk management theoretical 

approaches towards building and strengthening the absorptive, adaptive and transformative capacities. 
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The term capacity within the resilience field denotes the ability to identify opportunities, mobilize and 

(re)organize resources to absorb, adapt or transform in presence of shocks (Czekaj et al., 2020; 

Darnhofer, 2014). Specifically, absorptive capacity is the ability to cope with the expected and 

unexpected shocks without a change in farm structure and functions (Béné et al., 2014). This capacity is 

important in response to smaller shocks. Adaptive capacity is the ability to adjust in the face of changing 

conditions (Folke et al., 2010). It calls for changes in the composition of inputs and the adoption of new 

farm technologies and practices. On the part of the farmer as the farm manager, adaptive capacity 

requires the ability to establish priorities, mobilize the necessary resources including collaborating with 

other farmers, use past experiences and seek new knowledge and information to adapt the farm to the 

changing farming environment (Darnhofer, 2014). Accordingly, Marshall et al. (2013) describe adaptive 

capacity as the farmers’ potential to convert the existing resources into effective adaptation strategies. 

This may entail tapping into the farmer’s agency and cognitive traits such as risk-taking behaviour and 

leveraging on the relationships with buyers of farm produce (Darnhofer et al., 2016). Transformative 

capacity is the ability to implement radical changes on the farm to deal with severe shocks (Meuwissen 

et al., 2019). It may involve the transition into new systems such as a shift from potato value chain to 

dairy value chain where new resources, practices and inputs are required (Darnhofer, 2014). Overall, the 

type, frequency and magnitude of risks faced by farmers determine the type of capacity needed to build 

farm resilience.  

Two forms of resilience can be identified: general resilience which is the ability of a system to absorb, 

adapt or transform to all kinds of shocks; and specific resilience which is the ability of a system to resist, 

adapt or transform to a specific shock (Folke et al., 2010). To build and assess specific resilience, 

Carpenter et al. (2001) propose the following questions which provide a guideline; resilience of what? 

resilience to what? and resilience for what purpose? In addition, Meuwissen et al. (2019) added the 

following two questions to clarify what specific resilience entails; these are what resilience capacities? 

and what strengthens those capacities? This thesis examines specific resilience following five analytical 

steps as shown in Figure 1.  
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Figure 1. Framework for examining farm resilience to climate change, adapted from Meuwissen et al. (2019) 

 

1.3 Farmers’ adaptive capacity  

Within the broader farming system defined as a population of individual farm systems with varied 

resource bases, enterprise patterns, facing similar constraints and for which similar development 

interventions would be appropriate (Giller, 2013), a farm is a unit made up of the farmer – with his/her 

preferences, aspirations and capacities; and the physical farm. Farms can be understood as complex 

systems in which the farmers themselves play important roles with their management knowledge and 

skills, their preferences, attitudes and personal relationships, which all together determine the choice as 

to the strategies and operations of the farm (Darnhofer et al., 2011; Perrin et al., 2020). 

With regard to farm resilience, the farmers’ adaptive capacity plays a central role as it represents the 

farmers’ potential to plan and organize the farm, experiment and learn from previous experiences, seize 

opportunities and convert existing resources into effective adaptation strategies (Marshall et al., 2013). 

Gupta et al. (2010) define adaptive capacity as the characteristics of individuals that facilitate response 

to the impacts of climate change through the adoption of planned measures or encouraging creative and 

proactive responses. The focus on adaptive capacity in this thesis has been chosen for two reasons.  

1.  Resilience of what? 
- Smallholder potato farms 

2.  Resilience to what? 
- Climate change 

3.  Resilience for what purpose? 
- Provision of food and livelihood security  

4. What resilience capacities? 
- Adaptive capacity 

Specific resilience 

5. What strengthens resilience  
- Farmer entrepreneurial orientation 
- Membership of a farmer organization 
- Value chain collaboration  
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First, given the multiple and increasing occurrence of unpredictable climate change events, the capacity 

of farms to absorb the risks is no longer a feasible strategy (Ge et al., 2016); farmers need to adapt and 

thus, they need to build and/or strengthen their adaptive capacity (Cinner et al., 2018; Vanschoenwinkel 

et al., 2020). Second, while transformation may be a potential strategy to respond to climate change, 

smallholders lack the resources necessary to transition to new systems. Additionally, transforming into a 

new system is a highly risky strategy for smallholder farms as it requires the development of new 

relations, additional resources, new technologies, knowledge and practices. 

While adaptive capacity is a necessary and an important determinant of the farmer’s ability to adapt to 

climate change through influencing the adoption of climate adaptation strategies, the level of farmers’ 

adaptive capacity remains low in developing countries (Arslan et al., 2015; Asfaw et al., 2016). Existing 

studies have identified several factors that determine farmer adaptive capacity, including access to 

knowledge and extension, human and physical capital, financial resources, farmer cognitive traits, 

managerial ability and market access (Cinner et al., 2018; Grothmann and Patt, 2005; Lim et al., 2021; 

Smith et al., 2000). However, these factors are limitedly available particularly for the smallholders in SSA, 

leading to the low adoption of climate change adaptation strategies (Amadu et al., 2020). 

To this end, the thesis has demonstrated that the need for farmers to adapt to climate change is 

indispensable, yet the farmers’ adaptive capacity in SSA remains low. The thesis, therefore, aims to 

provide insights into the potential mechanisms for improving the farmers’ adaptive capacity. We 

contribute to the emerging scholarship that has identified the importance of the adaptive capacity for 

climate change adaptation (Asfaw et al., 2016; Cinner et al., 2018; Vanschoenwinkel et al., 2020) and 

provide recommendations for the policy and development community.  

Understanding the role of adaptive capacity and the mechanisms through which the farmers’ adaptive 

capacity can be improved is important at least for three reasons. First, adaptive capacity is not a static 

characteristic of the farmer (Smit and Wandel, 2006), it can be influenced through various pathways. 

Thus, understanding the possible avenues through which farmers’ adaptive capacity can be improved 

has important implications from both academic and policy viewpoints. Second, policies and development 

interventions that emerge from understanding the factors that enhance or constrain adaptive capacity 

could improve climate change adaptation. Third, climate change adaptation studies such as 

Vanschoenwinkel et al. (2020) assume that the availability of more adaptation options to farmers 

increases the likelihood of adoption yet, this assumption ignores the role of farmers’ adaptive capacity. 

Therefore, deliberate efforts to understand and account for the role of farmers’ adaptive capacity in 
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climate change adaptation may contribute to eliminating this assumption. Eliminating the assumption is 

important for providing targeted policies and designing impactful development interventions. 

Building farmers’ adaptive capacity increases resilience by enabling the adoption of climate adaptation 

strategies (Matewos, 2020). These adaptation strategies include climate-smart agriculture (CSA) – a 

strategy which is increasingly being promoted by both governmental and non-governmental 

organizations as a means to meet the “triple-win” benefits of simultaneously increasing production and 

food security, adapting agriculture to climate change while improving climate change mitigation (FAO, 

2010). CSA involve among others, better access to farming information and skills, timely access to 

production input and services, shifts in production techniques, improved market governance, and 

expanded insurance and safety net programmes to maintain productivity under climate shocks (Lipper et 

al., 2014). Even with the promising benefits of CSA practices, the adoption levels remain low in SSA due 

to the farmers’ limited adaptive capacity (Arslan et al., 2015; Asfaw et al., 2016).  

 

1.3.1 Pathways for improving farmers’ adaptive capacity 

Existing literature has identified factors that increase farmers’ adaptive capacity (Asfaw et al., 2016; 

Cinner et al., 2018; Malakar, 2012; Patnaik and Das, 2017; Phuong et al., 2018). For instance, Cinner et al. 

(2018) identified five domains necessary for building farmers’ adaptive capacity (a) the assets that 

people can draw upon in times of need, (b) the flexibility to change strategies, (c) the ability to organize 

and act collectively, (d) learning to recognize and respond to change, and (e) the agency to determine 

whether to change or not (for detailed explanation see Cinner et al., 2018). These existing studies have 

only identified the factors that increase farmers’ adaptive capacity without an explicit focus on the 

mechanisms through which it is achieved (Petersen-Rockney et al., 2021).  

This thesis explores the mechanisms through which farmers’ adaptive capacity can be enhanced. Three 

mechanisms are identified, these are (1) the farmer cognitive traits such as the farmer entrepreneurial 

orientation (EO), (2) membership of a farmer organization, and (3) the farmer-buyer relationship. 

Collectively we refer to these mechanisms as the pathways for improving farmers’ adaptive capacity. 

This thesis focuses on these three pathways because conceptual studies have postulated relationships 

between entrepreneurship and resilience (Akinbami et al., 2019; Korber and McNaughton, 2018); 

between business relationships, partnerships and resilience (Manyise and Dentoni, 2021; Rosenstock et 

al., 2020); and between farmer organizations and climate resilience (Bardsley and Bardsley, 2014; 

Washington-Ottombre and Pijanowski, 2012), however, these relationships have not been empirically 

tested.  
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First, relating to the farmer cognitive traits pathway, we draw from the work of Grothmann and Patt 

(2005) and Lockwood et al. (2015) who show that holding other factors constant, the cognitive traits 

explain why some people exhibit adaptive behaviour while others remain vulnerable when faced with 

challenges. Following this line of thought, Barzola Iza and Dentoni (2020) in Uganda and Etriya et al. 

(2019) in Indonesia identified farmer EO as one of the cognitive traits. They show that farmers who 

exhibit entrepreneurial behaviour are better able to adapt to farm challenges and their farms and 

perform better both in terms of technology adoption and farm income. This thesis contributes to this 

stream of literature by studying the role of farmer EO in enhancing farmers’ adaptive capacity. The 

rationale is that farmer EO improve farmers’ adaptive capacity by enabling farmers to pursue 

entrepreneurial activities such as the adoption of CSA practices (Eshima and Anderson, 2016).  

Second, membership of a farmer organization pathway extends the work on the role of institutional 

innovations such as farmer organizations (FOs) (Washington-Ottombre and Pijanowski, 2012), kinship 

networks (Di Falco and Bulte, 2013; Hulke and Revilla Diez, 2020) and climate-resiliency field schools 

(Chandra et al., 2017) in climate change adaptation. FOs support smallholders to access production 

inputs by reducing the transaction costs, increasing bargaining power and enabling access to lucrative 

markets (Bardsley and Bardsley, 2014; Bizikova et al., 2020; Fischer and Qaim, 2012b). While the role of 

FOs in supporting the smallholders is well established in agricultural development literature (Hao et al., 

2018; Ji et al., 2019; Ma and Abdulai, 2019), most of the studies assume that membership alone results 

in the observed benefits to member-farmers. This thesis contributes to this emerging literature and 

argues that it is not only membership but also access to services provided by the FOs that enhance the 

farmers’ adaptive capacity. 

Third, the farmer-buyer relationship pathway is anchored on the strategic management and 

organisational literature (Blau, 1964; Granovetter, 1985). The basic idea is that businesses do not 

operate in isolation, instead, business performance and adaptive capacity are influenced by the business 

relationships that they are embedded in. A wide range of studies exists that examine the role of buyer-

seller relations on different aspects of businesses (Jajja et al., 2019; Marcos and Prior, 2017; Shahzad et 

al., 2018). These studies indicate that the relationships between buyers and sellers enable exchange 

parties to access resources, facilitate joint planning collaboration, provide incentive alignment, joint 

knowledge creation and adapt to changes facing the businesses. This thesis focuses on the specific type 

of relationships between farmers and buyers which has received limited attention particularly in terms of 

supporting smallholders adaptation to climate change (Canevari-Luzardo et al., 2019). Taking the 
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farmers’ perspective, and drawing on the social exchange theory, we examine the role of farmer-buyer 

relationship on climate change adaptation among the smallholder potato farmers in Kenya.  

The overall hypothesis is that farmer entrepreneurial orientation, membership and access of FO services, 

and the specific relationships between farmer and buyer enhance the farmers’ capacity to adapt to 

climate change. Thus, the thesis specifically explores: 

a) the role of farmer entrepreneurial orientation in influencing smallholder farms adaptation to 

climate change 

b) the role of membership of farmer organizations in influencing smallholder farms adaptation to 

climate change 

c) the role of farmer-buyer relationship in influencing smallholder farms adaptation to climate 

change  

The remainder of this chapter proceeds as follows. In section 1.4 an overview of the research context 

which is the smallholder potato farming in Kenya is presented. Section 1.5 presents the theoretical 

framework applied in the study. Section 1.6 presents the specific research questions followed by the 

overall methodological framework in section 1.7. This introduction chapter concludes with an outline of 

the thesis structure in section 1.8. 

 

1.4 Overview of the smallholder potato farming in Kenya 

Agriculture is the most important sector for Kenya’s economy contributing about 30% to the gross 

domestic product (GDP). Within the agriculture sector, potato (Solanum tuberosum) is the second most 

important food crop after maize and potato farming plays an important role for both household 

livelihood and food and nutrition security. Potato accounts for about 23% of the total value of 

horticultural produce (Kyallo et al., 2017).  

The main potato producing regions are the highlands of Central, Eastern and Rift Valley with a majority 

of the producers being smallholder farmers producing on less than 2 ha of land (Kaguongo et al., 2013). 

In addition, the labour-intensive nature of potato farming makes it one of the main sources of 

employment for rural dwellers. Approximately 2.5 million people are employed along the potato value 

chain as casual labourers, farmers, traders, middlemen, transporters, processors and vendors (Kaguongo 

et al., 2013).  

Generally, potato is grown in a monocropping system with a small percentage being intercropped with 

other food crops such as maize, beans and other horticultural crops. In almost all the potato producing 
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regions, production occurs under a rainfed system. As such, there are two main potato growing seasons, 

the long rains between April to July and the short rains between October to December. However, this 

may vary slightly from one region to another. In the potato growing regions, potato is one of the main 

cash crops, therefore farmers with small land sizes grow potatoes season after season on the same piece 

of land due to lack of sufficient land to practice recommended crop rotation (Gildemacher et al., 2009b).  

Despite the importance of potato farming to both household and national economy, increasing 

production is hindered by the lack of good-quality seed (Okello, Zhou, et al., 2018), the effects of climate 

change (Parker et al., 2019) and the buildup of soil-borne pests and diseases (Gildemacher et al., 2009b). 

The lack of access to good-quality potato seed implies that farmers rely on recycled seed which is often 

from own savings or purchased at local markets contributing not only to low yields but also a continuous 

spread of soil-borne diseases. These constraining factors may explain in part the trend in potato 

production in Kenya as shown in figure 2. 

In terms of market access, potato farmers in Kenya face challenges given their smallholder nature and 

geographic location away from the market; these challenges diminish farmers bargaining power while 

increasing their transaction costs (Gildemacher et al., 2009b). Generally, the informal markets dominate 

the potato trade in Kenya. These informal markets are characterized by the presence of middlemen who 

often collude to distort market information, create information asymmetry and thus exploit the farmers 

in the chain (Fintrac, 2015). 

 
Figure 2. Trends of potato production and the cultivated area in Kenya between 2009 and 2019 (FAOSTAT, 2019) 
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Given the existing potato market structure, the county governments and development organizations 

such as the International Potato Centre (CIP) have been promoting the formation of farmer organizations 

of different forms, including farmer cooperatives and informal farmer groups, to help farmers solve their 

production and marketing problems (CIP, 2017). The CIP report shows that through farmer organizations, 

farmers benefit from the economies of scale and increased bargaining power which reduce the 

production and marketing costs. Specifically, farmer organizations facilitate bulk purchasing of 

production inputs and collective selling of the produce (Fintrac, 2015; Kaguongo et al., 2008). 

 

1.5 Theoretical framework  

To understand the different pathways and how they may enhance the farmer adaptive capacity, we 
draw on the theories of entrepreneurship, farmer organization and buyer-seller relationship. 
 

1.5.1 Entrepreneurial Orientation 

In the context of a rapidly changing business environment, some businesses have been shown to adapt 

more than then others. Entrepreneurship has been argued to be one of the characteristics that enable 

some businesses to adapt more than others (Dias et al., 2019; Fitz-Koch et al., 2017). Within the 

agricultural sector, entrepreneurship is defined as the process of recombining agricultural resources 

innovatively to create opportunities for value creation and to respond to emerging needs (McElwee, 

2011; Morris et al., 2017). Within the entrepreneurship literature, the concept of entrepreneurial 

orientation (EO) has gained traction as a means to understand both firm and individual entrepreneurial 

behaviour (Lumpkin and Dess, 1996; Rauch et al., 2009). EO refers to the joint expression of the three 

dimensions of risk-taking, innovative and proactive behaviour in attempts to pursue opportunities or 

overcome challenges (Covin and Lumpkin, 2011). EO is thus a strategic posture reflecting the practices 

and behaviour that allow farmers to act entrepreneurially, for instance, in the face of climate change.  

The risk-taking dimension is the propensity to take calculated risks involving committing resources to 

activities with uncertain outcomes (Rauch et al., 2009). The innovativeness dimension is the ability to 

deviate from established practices and technologies towards supporting new ideas, often through 

learning and experimentation (Lumpkin and Dess, 1996). Proactiveness, the third EO dimension, reflects 

the ability to anticipate and act upon future threats and opportunities. Different from reactive traits 

(Brzozowski and Cucculelli, 2016), proactive traits are associated with an orientation towards searching 

for or creating new opportunities. Hence, proactive farmers usually are those that engage in new 

practices or technologies before other farmers do.  
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Viewed as behaviour, entrepreneurship can be conceptualized as a cognitive trait relating to the farmer’s 

decision-making style (Boudreaux et al., 2019; Dessart et al., 2019). Cognitive traits are behavioural in 

nature and relate to learning and reasoning, these include aspects such as the farmer’s risks preferences 

associated with a particular farm practice or technology (Dessart et al., 2019). While a vast amount of 

literature has investigated the role of cognitive traits specifically farmer risk preferences on adoption 

decisions (Huang et al., 2014; Isik and Khanna, 2003; Jianjun et al., 2015), a focus on only risk preferences 

does not provide a complete picture of the cognitive traits. Application of the EO allows for the 

investigation of other cognitive traits specifically farmer innovativeness and proactiveness.   

Relating to adaptive capacity and farmer EO, Eshima and Anderson (2016) have shown that through 

pursuing entrepreneurial activities to overcome challenges and/or take advantage of opportunities 

actors (farmers) enhance their adaptive capacity. For instance, Pérez-Luño et al. (2011) and Morris et al. 

(2017) find that farmer entrepreneurship increases the ability to adopt new practices and technologies. 

It is thus important both for theory and climate change adaptation approaches to understand the 

influence of farmer EO dimensions (risk-taking, innovativeness and proactiveness) on the adoption of 

climate adaptation strategies among smallholder farmers.   

 

1.5.2 Farmer Organization 

Farmer organizations (FOs) are forms of collective action that are a voluntary collaboration of farmers to 

pursue shared objectives (Meinzen-Dick et al., 2004). From a value chain perspective, FOs represent 

horizontal collaboration where farmers who are at the same level of the value chain collaborate for 

mutual benefits. This voluntary collaboration of farmers can take different legal forms including farmer 

cooperatives, unions, limited companies, self-help groups, informal groups among others (Bijman et al., 

2016). Penrose-Buckley (2007) describes these farmer collaborations as businesses that provide 

business-oriented services to the members.  

The central tenet of FOs is to overcome the high transaction costs and market failures that characterise 

smallholder farming systems in developing countries (Bernard and Spielman, 2009; Fischer and Qaim, 

2012b). There are at least four ways through which FOs can overcome the high transaction costs and 

improve market access. First, FOs improve smallholders bargaining power, which enables farmers’ entry 

into new markets and negotiate for better terms of trade (Kruijssen et al., 2009; Shiferaw et al., 2011). 

Second, FOs enable smallholders to accrue the benefits of economies of scale. This is crucial for farmers 

to access farm inputs such as fertilizers and seeds at lower costs; economies of scale also enable farmers 

to access lucrative markets by taking control of large volumes (Devaux et al., 2009). Third, through FOs, 
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farmers can access productions services such as extension (Wossen et al., 2017), affordable credit 

(Santos et al., 2021; Twine et al., 2018) and new farm technologies and practices (Abebaw and Haile, 

2013). Fourth, in settings prone to risks such as climate change, incomplete markets and idiosyncratic 

risks, FOs act as a mechanism for risk pooling, which makes the risks bearable for the resource-

constrained farmers (Cherry et al., 2015). In addition, FOs provide avenues through which capacity 

building, peer learning and experimenting can be implemented (Di Falco et al., 2019). 

While the above studies provide important insights into the role of FOs, we note that the studies have 

largely been mechanistic in the way they treat membership, that is, a farmer is considered either a 

member or non-member such that the impacts observed are attributed exclusively to membership. This 

is problematic for two reasons, first, it assumes that once a farmer joins a FO benefits are guaranteed, 

this is not always the case, instead, farmers need to access the services provided by FOs to accrue the 

benefits membership. For instance, relating to membership and benefiting from the FOs, Pascucci et al. 

(2011) showed that membership varies depending on access to the benefits provided by FOs to 

members, they identified two membership categories; (i) membership with product delivery – strong 

membership and (ii) membership without product delivery – soft membership. Besides, Bernard and 

Spielman (2009) and Mwambi et al. (2020) found that some FO members based on their gender, poverty 

levels and location are excluded from the governance (decision-making) of the FOs. We argue that 

member exclusion may have implications for their access to FO services. The foregoing imply that the 

impacts of FOs may be over or underestimated in the presence of the assumption that once a farmer 

joins a FO, benefits are guaranteed. Second, policy recommendations that are derived from assuming 

that once a farmer joins a FO benefits are guaranteed may be misguided especially if the policies 

advocate solely on the formation and/or joining FOs without a consideration on the provision and/or 

access of FO services. In an attempt to bridge this knowledge gap we suggest that in addition to 

evaluating membership, access to FO services need to be taken into account to fully understand the 

impact of FOs.  

This thesis explores the role of membership and access to FO services on the adoption of climate change 

adaptation strategies. For a detailed review of FO services and their impacts on smallholders in SSA see 

Bizikova et al. (2020). Three services including access to credit, extension and market have previously 

been examined albeit independently and often not as provided by FOs (Pan et al., 2018; Wossen et al., 

2017). In this thesis, the three services when provided by FOs are considered. The rationale is that 

membership and access to the identified services enhance the farmers’ adaptive capacity and thus 

improve the adoption of climate change adaptation strategies. 
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1.5.3 Buyer–Seller relationship 

Exchange relationships between buyers and sellers have received ample emphasis in the relationship 

marketing literature where the buyer-seller exchanges are viewed as ongoing relationships rather than 

as discrete events (Dwyer et al., 1987). From a value chain perspective, a buyer-seller relationship 

represents vertical collaboration where businesses from different levels of the chain collaborate for 

mutual benefits (Bijman et al., 2006).  

In a buyer-seller relationship, governance is an essential element that determines the outcomes of the 

relationship, reduces uncertainties and conflict, and provides incentives for relationship-specific 

investments (Benton and Maloni, 2005). Governance can take two forms of governance: formal or 

informal (Liu et al., 2009). On the one hand, transactional governance are those that are implemented 

through contracts that stipulate the expected behaviour, as well as the rights and obligations of the 

exchange parties (Williamson, 1979). On the other hand, informal governance focuses on the role of 

social relations in guiding (economic) behaviour (Granovetter, 1985). 

Increasingly and in contexts where contract enforcement is weak, informal governance is being used to 

curb opportunistic behaviour to thus strengthen the buyer-seller relationship (Kim, 2000). Generally, 

informal governance regulates buyer-seller relationships by taking advantage of social relations that are 

developed and maintained between exchange parties. These social relations include power-dependence 

between exchange parties (Jean et al., 2012), relational commitment (Shahzad et al., 2018) and 

relational satisfaction (Murphy and Sashi, 2018). One of the advantages of informal governance over 

transactional governance is that they help fill the institutional voids that exist in contexts such as those in 

sub-Saharan Africa where contract monitoring and enforcement is limited.  

From the social exchange theory stance, social mechanisms give rise to socially constructed and accepted 

rules, behaviour and reciprocity which in turn discourage opportunism and promote long term 

relationships (Cropanzano and Mitchell, 2005). For instance, where a buyer-seller relationship is 

characterized by good collaboration, exchange parties benefit from reduced transaction costs while 

increasing the incentive for relationship-specific investment (Liu et al., 2009; Murphy and Sashi, 2018).  

Drawing from the work of Canevari-Luzardo et al. (2019) we advance the argument that the outcome of 

farmer-buyer relationship within agri-food value chains are associated with the farmers’ adaptive 

capacity. There are at least two ways through which a farmer-buyer relationship is associated with the 

farmers’ adaptive capacity. First, in a collaborative farmer-buyer relationship, buyers may provide 

farmers with a guaranteed market and also mediate between farmers and customers by providing 
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information such as customer demands (Canevari-Luzardo, 2019). Additionally, buyers ensure that 

farmers access lucrative markets and receive stable prices, these have two complementary effects (i) act 

as an incentive for investment in climate change adaptation strategies and (ii) the income can be 

ploughed back into the adoption of climate change adaptation strategies. Second, in some farmer-buyer 

relationships, buyers may support farmers to adapt by providing inputs such as drought-tolerant seed 

varieties, credit or production equipment (González-Mon et al., 2019). 

In sum, taking farmers’ perspective, a farmer-buyer relationship may enable farmers to develop the 

confidence to: (i) invest their limited resources to adapt and manage the climate risks; (ii) plan and 

reorganize their farms to deal with climate change; and (iii) enhance their interest in adapting to climate 

change (Marshall et al., 2014). 

 

1.6 Research questions  

The objective of this thesis is to explore and empirically assess the pathways through which farmers’ 

adaptive capacity can be enhanced to improve climate change adaptation among smallholder farms. To 

achieve this objective, four research questions are examined. This section briefly discusses the 

knowledge gaps that give rise to the four research questions. 

We begin with the premise that the resilience of social-ecological systems such as farms is determined by 

three capacities: absorptive capacity, adaptive capacity and transformative capacity (Béné et al., 2014; 

Darnhofer, 2014; Walker et al., 2004). The specific focus of this thesis is on adaptive capacity as the 

principal driver of farm resilience. 

Existing studies have identified limited adaptive capacity as the main reason for the low level of climate 

change adaptation among smallholder farms (Arslan et al., 2017; Lim et al., 2021). Whereas recent 

studies such as Cinner et al. (2018) have proposed factors necessary for building adaptive capacity, 

questions remain on the pathways through which these factors influence adaptive capacity. Thus, 

Chapter 2 of this thesis explores the pathways through which farmers’ adaptive capacity can be 

influenced. Specifically, it addresses the following research question: 

Research question 1 (RQ1): What are the determinants of farmers’ adaptive capacity and how can it be 
improved?  

In response to the low adaptive capacity of smallholders, there is a surge in the number of studies that 

provide recommendations on how to improve adaptive capacity (Cinner et al., 2018). The 

recommendations include access to technical assistance, access to financial, human and physical capital 
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(Yohe and Tol, 2002). In addition, a recent meta-analysis indicates that farm and farmer characteristics 

contribute to farmers’ adaptive capacity in developing countries (Ruzzante et al., 2021). While the 

above-mentioned factors are important in improving farmers adaptive capacity, the role of farmers’ 

psychological characteristics has received little emphasis resulting in an incomplete overview of the 

factors enhancing or constraining climate change adaptation (Dessart et al., 2019). According to Fazey et 

al. (2007), psychological characteristics may constrain or enhance social-ecological resilience by 

inhibiting or supporting learning. One specific psychological characteristic that remains underexplored is 

the farmer cognitive traits (Eakin et al., 2015; Grothmann and Patt, 2005). An example of a farmer 

cognitive trait is farmer entrepreneurial orientation (EO), which constitutes the three dimensions of risk-

taking, innovativeness and proactiveness (Lumpkin and Dess, 1996). In other sectors of the economy 

such as small and medium enterprises, it has been demonstrated that EO enable businesses to thrive in 

turbulent times (Engelen et al., 2014; Jocic et al., 2021). However, to date, the role of EO continues to 

receive little attention in the context of smallholder farming facing climate change. To the best of our 

knowledge, this is one of the first studies to empirically test the role of farmer EO in climate change 

adaptation. Chapter 3 of this thesis contributes to filling this knowledge gap: 

Research question 2 (RQ2): Does farmer entrepreneurial orientation matter for smallholders’ adaptation 
to climate change? 

Rural development literature presents the farmer organization as an institutional solution to overcome 

high transaction costs and facilitate access to production resources for resource-constrained smallholder 

farms in developing countries (Bernard and Spielman, 2009). FOs have been shown to facilitate access to 

production inputs (Mutonyi, 2019; Ragasa and Golan, 2014), provide access to markets (Fischer and 

Qaim, 2012a; Markelova and Mwangi, 2010), promote the adoption of new farm technologies (Abebaw 

and Haile, 2013; Ainembabazi et al., 2017) and the adoption of food safety measures (Kirezieva et al., 

2016; Mwambi et al., 2021). A new stream of literature is emerging on the potential roles of FOs in 

climate change adaptation. Recent studies posit that the role of FOs in facilitating access to production 

resources improves farmer adaptive capacity, which in turn contributes to climate change adaptation (Di 

Falco and Bulte, 2013; Hulke and Revilla Diez, 2020; Lim et al., 2021). 

While these studies provide useful information about the role of FOs in smallholder farming settings, 

they have been largely mechanistic in how they treat FO; that is, they assume that the membership 

decision alone results in the observed impact on the members. This assumption does not provide 

insights into the mechanisms through which the impact of FOs emerge. For instance, Pascucci et al. 

(2011) have shown that membership does not necessarily imply access to FO services, some farmers are 
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members without access to the FO services. Therefore, there is a need to understand how FOs influence 

farm outcomes (Abate, 2018; Minah and Malvido Pérez Carletti, 2019). Chapter 4 attempts to fill this 

knowledge gap by answering the following question: 

Research question 3 (RQ3): How do membership and access to FO services impact on smallholders’ 
adaptation to climate change? 

Farmers’ adaptive capacity depends on access to sufficient resources and the farmer incentive to invest 

(Yohe and Tol, 2002). One of the ways through which farmers’ adaptive capacity may be enhanced within 

the agri-food value chain is by leveraging on the relationships between farmers and buyers (Canevari-

Luzardo et al., 2019). Specifically, collaborative relationships between farmers and buyers may help 

farmers to access the resources and information beyond the farm (Spielman et al., 2010). However, how 

the farmer-buyer collaboration in the value chain may influence farm resilience remains under-explored 

(Fleming et al., 2014; Lim-Camacho et al., 2016). This thesis attempts to fill this knowledge gap and 

explores not only the question of whether farmer-buyer relationship can improve farmers adaptive 

capacity, but more importantly how the farmer-buyer relationship improves the ability of smallholder 

farms to adapt to climate change.  

Research question 4 (RQ4): Do farmer-buyer relationship influence smallholders’ adaptation to climate 
change?  
 

1.7 Methodology  

This study was carried out in two counties of Kenya namely Meru and Nakuru, which are among the main 

potato producing counties (Kaguongo et al., 2014). Meru county is located on the eastern windward side 

of Mt. Kenya about 225 km (140 miles) northeast of Nairobi. The main potato producing sub-counties in 

Meru include Buuri, Imenti Central, Imenti North, Imenti South, Igembe Central and Igembe South. 

Nakuru is located in the great rift valley and about 156 km (97 miles) west of Nairobi (see Figure 3). The 

main potato producing sub-counties include Njoro, Molo, Kuresoi South, Kuresoi North, Rongai, Bahati, 

Gilgil, Naivasha and Subukia.  

To answer the research questions enumerated above, both qualitative and quantitative research 

methods were used. In Chapter 2, a literature review is presented to answer research question 1 (RQ1). 

The literature review identified the potential pathways through which farmers’ adaptive capacity can be 

enhanced to improve farm resilience. The general assumption of Chapter 2 is that enhanced farmers’ 

adaptive capacity improves farm resilience to climate change. The chapter concludes with propositions 

on how farmers’ adaptive capacity can be enhanced. 



General introduction

23 
 

 

Figure 3. Map of Kenya showing the study sites of Meru and Nakuru counties 

To answer research questions RQ2 to RQ4, the thesis relies on survey data collected between June to 

August 2019 through a one-on-one interview with potato farmers in Meru and Nakuru counties of 

Kenya. A multistage sampling procedure was used to select farmers. In the first stage, Meru and Nakuru 

counties were purposively selected being two of the leading potato-producing counties in Kenya. Within 

these two counties, locations (since 2010 referred to as wards) with high potato production were 

selected in consultation with the county extension officers. In particular, Kisima, Timau and Kibirichia 

locations were selected in Meru county, while Keringet and Molo locations were selected in Nakuru 

county. Second, we acquired the list of potato farmer groups within the sampled locations with the help 

of the extension officers. From these lists we selected target farmer groups; 39 groups were randomly 

selected from the locations in Meru county and 18 groups were randomly selected from the locations in 

Nakuru county. Therefore, a total of 57 potato farmer groups were selected. Third, we acquired the lists 

of the farmers in all the sampled groups and applied a proportional random sampling procedure to select 

individual farmers to be interviewed.  

Given that we did not have lists of farmers that were not members of farmer groups, we randomly 

interviewed non-group-member farmers in the villages of member farmers. To do this systematically, the 

enumerators were told to, after interviewing every second selected group member, to skip two 

households and interview the third household (only if this household was a non-member). Although this 

may not yield a perfect random sample, this approach has previously been applied in an attempt to 

attain a representative sample in the absence of a population list and with resource constraints (McCord 
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et al., 2015). In total, 792 potato farmers were interviewed comprising 500 group members and 292 non-

members. A structured questionnaire was used to collect data on a range of topics including farmer and 

farm characteristics, farmer EO, potato production, access to services, and value chain relations. 

To answer RQ2, Chapter 3 of this thesis draws on the entrepreneurial orientation literature to examine 

the role of farmer risk-taking, innovativeness and proactiveness in the adoption of climate adaptation 

strategies, specifically climate-smart agriculture (CSA) among the smallholder potato farms. Together 

with the county government agricultural extension officers, we identified CSA practices that are relevant 

for potato farming. Six practices were considered in this thesis, these are; irrigation, changing cultivation 

calendar, use of certified potato seed, crop rotation, soil testing and intercropping. These CSA practices 

were categorised based on the main resources required for their adoption. Since farmers can adopt a 

combination of CSA practices to achieve various outcomes, multivariate probit models are employed to 

estimate the role of farmer EO and other determinants of CSA adoption.  

In Chapter 4, RQ3 is answered drawing from the theoretical implications of economic organisation 

theory.  Given the argument that group membership alone does not sufficiently explain the impact of 

FOs on the adoption of CSA, our data allowed for the disaggregation of farmers based on access and use 

of FO services. Three services were considered: market, credit and extension. To estimate the impact of 

these services, a doubly robust inverse probability weighted regression adjustment  (IPWRA) approach 

with conditional analysis to account for the heterogeneity in membership and access to the different 

services was employed.  

The last research question, RQ4, is answered in chapter 5 by employing a structural equation modelling 

(SEM) approach. In this chapter, the question of whether and how of farmer-buyer relationship is 

associated with farmers adaptive capacity is explored drawing from the social exchange theory (SET). 

SEM provides the flexibility to test various associations between the different aspects of farmer-buyer 

relationship and adaptive capacity and further allows for mediation analysis. 

Each of Chapters 2, 3, 4 and 5 can be read independently as they entail separate contributions to the 

climate change adaptation and resilience literature. However, there are important cross-cutting themes 

leading up to three core messages: (a) farmer EO plays an important role in climate change adaptation, 

(b) membership of a farmer organization and access to FO services play important roles in improving 

climate change adaptation, and (c) farmer-buyer relationship when mediated by farmer EO play 

important roles in improving climate change adaptation. The synthesis of the findings, the policy and 

management implications, and the suggestions for future research are provided in Chapter 6.
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Chapter 2 
 

Determinants of farm resilience to climate change: the role of farmer 
entrepreneurship and value chain collaboration 

 

 

Abstract 

The concept of resilience has gained traction in academic, policy and development discourse in recent 

years, yet its conceptualization and application at the farm level has received little attention. For 

instance, recent policy recommendations present farm resilience as a silver bullet in dealing with 

agricultural risks and uncertainty, and in achieving sustainable agri-food systems. Yet, the question of 

what determines farm resilience in a smallholder farming setup remains fuzzy. To address this 

knowledge gap, we, first, develop a novel conceptual framework based on farmers’ adaptive capacity as 

a determinant of farm resilience. The emphasis on adaptive capacity responds to a conceptual weakness 

inherent in studies that present socio-ecological systems such as farms as static systems. Second, based 

on a literature review we propose farmer entrepreneurship, membership in a farmer organization and 

farmer-buyer relationship as potential pathways for improving the farmers’ adaptive capacity and 

thereby farm resilience. Based on our conceptual understanding, we recommend approaches that 

augment farmer entrepreneurship, support farmer organizations and strengthen farmer-buyer 

relationship.  

 

Keywords  

Resilience, adaptive capacity, entrepreneurship, farmer organizations, and farmer-buyer relationship 

 

 

This chapter is published as:  
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2.1 Introduction 

Because of the globally alarming news on climate change and its impact on agriculture, transitions 

towards more ecologically sustainable agri-food systems call for a deep re-thinking of farming practices 

(Sultan and Gaetani, 2016). Yet, despite the environmental alarms, both farmers and their value chain 

partners experience major difficulties in making changes towards more sustainable practices. This calls 

for a deeper understanding of farmers’ motivations and barriers to the development of environmentally 

sustainable practices (Mancini, 2019). With respect to the farmers’ motivations, a rich body of literature 

has focused on the adoption of sustainable agricultural practices (Kassie et al., 2015; Zeweld et al., 2017). 

However, a knowledge gap persists in understanding how farmers continuously adapt their farming 

practices to unpredictably changing environmental conditions. Attempts to fill this knowledge gap is 

important in order to come up with policies that support farms given the unpredictable climatic 

conditions that farmers continuously face. 

This paper conceptualizes the determinants of farm resilience to shed light on when, why and how 

farmers continuously adapt their farming practices in response to climate change shocks. According to 

Campbell et al. (2014) building farm resilience has become a prerequisite for farms that are operating in 

the face of unpredictable climate shocks. In general, resilience refers to the ability of a system to absorb 

disturbance and reorganize while undergoing change so as to still retain essentially the same function, 

structure and identity (Walker et al., 2004). Following this, resilience is viewed as an essential building 

block for sustainability in the face of growing complexity and uncertainty (Carpenter et al., 2012). At the 

farm level, resilience refers to the ability of farms to persist, adapt or transform in response to climatic, 

social and economic shocks (Meuwissen et al., 2019). This ability of farms to adapt can be improved 

through internal and external interventions (Maleksaeidi et al., 2016), and tapping into farmer 

characteristics which facilitate self-organization and innovative problem solving (Carpenter et al., 2001). 

In general, Gitz and Meybeck (2012) identified three strategies for building resilience. These strategies 

are reducing exposure, reducing sensitivity and increasing adaptive capacity.  

a) Reducing exposure implies reducing the likelihood of a particular risk occurring as well as the 

severity. This strategy makes a distinction between climatic and non-climatic shocks. For some 

non-climatic shocks, it may be possible to reduce the likelihood of their occurrences and severity 

at the farm level while this is difficult for climatic shocks. 

b) Reducing the sensitivity of the farm to shocks implies an identification of the likely risk and 

developing response mechanisms to reduce the impacts. For instance, sensitivity to drought can 
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be reduced by developing and using drought-tolerant varieties. This strategy requires that the 

likely risks are measurable, yet this is not always possible at the farm level. 

c) Increasing adaptive capacity implies enhancing the ability of farmers to respond promptly and 

effectively to the effects of climate change, for instance through the use of novel management 

practices and innovative technologies (Freduah et al., 2019; Joseph, 2018). Farmers’ adaptive 

capacity is associated with increasing the options to manage climate change and improving 

decision-making under uncertainty (McCarthy et al., 2018). 

We focus on farmers’ adaptive capacity defined as the human potential to convert and reconvert existing 

resources into effective adaptation strategies (Marshall et al., 2013). In other words, adaptations 

strategies taken by farmers in response to climate change are a manifestation of their adaptive capacity 

(Smit and Wandel, 2006). At the farm level, adaptive capacity is a prerequisite for building farm 

resilience to climate change (Fazey et al., 2007). Specifically, farmers’ adaptive capacity is a function of 

the ability to access, organize resources,  and linkages to organizations that influence the access to the 

necessary resources (Brown and Westaway, 2011; Yohe and Tol, 2002). 

While farmers’ adaptive capacity as a means of building and/or strengthening farm resilience is 

important, it has so far received little attention in climate change adaptation research. We contribute in 

two ways to this research gap and the ongoing conceptual development of farm resilience. First, focusing 

on farmers’ adaptive capacity rather than farm performance measures represent a new sustainable 

paradigm as it shifts the analysis from static outcome indicators such as income and yields to process 

indicator such as farmer adaptive capacity. In this way, farmers adaptive capacity at the farm level is 

viewed as a characteristic of the farmer and the relations that farmers develop to prepare and respond 

to the impacts of climate change (Gupta et al., 2010). Secondly, to explain how farmers’ adaptive 

capacity can be influenced, we build upon the so-far disconnected literature on farm resilience 

(Darnhofer et al., 2016; Jacobi et al., 2015), supply chain resilience (Behzadi et al., 2017; Falkowski, 

2015), entrepreneurship (Adomako et al., 2016; Barzola Iza et al., 2019; Vlasov et al., 2018) and farmer 

organizations (Doughty, 2015; Gooch and Warburton, 2009; Ratner et al., 2014). 

We emphasize the role of the farmer since climate change adaptation behaviour is determined by the 

characteristics of the farmer including the cognitive process of the farmer (Grothmann and Patt, 2005; 

Nguyen et al., 2016), which also includes entrepreneurship (Amankwah-Amoah et al., 2019). Therefore, 

to understand farmers’ adaptive capacity as the potential to convert and reconvert existing resources 

into effective adaptation strategies, there is a need to incorporate the farmer cognitive factors, 

particularly entrepreneurship in the assessment. In addition, value chain collaboration both horizontal 
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collaboration among farmers through farmer organizations (Agrawal, 2008) and vertical collaboration 

between farmers and the buyers of farm produce through farmer-buyer relationship (Canevari-Luzardo, 

2019) also contribute to improving farmer adaptive capacity. We conjecture that a) farmer 

entrepreneurship, b) membership of farmer organizations (FOs) and c) the nature of farmer-buyer 

relationship play powerful roles in shaping farm resilience through their influence on the farmers’ 

adaptive capacity. 

Considering farmer entrepreneurship, membership in farmer organizations (FOs) and the nature of 

farmer-buyer relationship as pathways for improving farmers’ adaptive capacity responds to the calls to 

identify approaches that enhance the ability of farms to adapt to climate change. First, farmer 

entrepreneurship entails how farmers proactively adapt, take calculated risks and innovate in response 

to stimuli from both internal and external environments (Barzola Iza et al., 2019; Lumpkin and Dess, 

1996). Second, the FOs represent the role of collective action in supporting farmers’ adaptive capacity 

(Frank and Penrose-Buckley, 2012; Washington-Ottombre and Pijanowski, 2012). Third, the nature of 

farmer-buyer relationship represents the potential mechanism through which the market systems build 

farmers ability to adapt to climate change (Canevari-Luzardo, 2019; Kuhl, 2018). Regardless of the type 

of collaboration that farmers are embedded in, Pelling et al. (2008) argue that organizational and 

governance structures are central for adaptive capacity. On the one hand, the organizational structures 

provide space for farmers to interact, communicate, experiment and learn from each other in attempts 

to respond to changes facing their farms (Manyise and Dentoni, 2021). On the other hand, governance 

structures are how relationships are governed to encourage adaptation (Armitage and Plummer, 2010).  

Our conceptual framework extends the work of Vroegindewey and Hodbod (2018) and Canevari-Luzardo 

et al. (2019) on taking a relational view of climate change adaptation through taking advantage of value 

chain collaboration. It does this by identifying farmers’ adaptive capacity as a key determinant of farm 

resilience. 

 

2.2 An illustration of the determinants of farm resilience: Potato farming in Kenya 

To support our conceptual work, we refer to an illustrative example from potato farming in Kenya. 

Potato is the second most important crop in Kenya after maize. Potato is grown both as a food and cash 

crop by smallholder farmers who produce mainly under rain-fed farming conditions. Like with other 

crops, potato growing is already crippling with the effect of climate change including unpredicted rainfall 

and frequent droughts. This has forced potato farmers to adapt in different ways including the adoption 

of climate-smart agriculture practices such as intercropping which conserves moisture, increases soil 
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fertility, spreads the risk of crop failure and reduces the cost of renting land as different crops can be 

grown in the same plot; changing potato planting dates, investing in irrigation among other options. The 

Kenya climate-smart agriculture implementation framework 2018-2027 (MoALF, 2018) contains a 

comprehensive list of climate-smart agriculture practices currently being promoted in Kenya. While 

adoption levels of these practices continue to grow, the levels still fall below 50% for most of the 

practices (Bernier et al., 2015; World-Bank and CIAT, 2015). Our household survey among a sample of 

Kenyan potato farmers indicates that irrigation, soil testing for crop and fertilizer recommendation, 

changing of planting dates and soil and water conservation measures were adopted by about 31%, 21%, 

49% and 36% of farmers respectively.  

Interestingly, we observed that inhabitants of urban areas are renting land to grow potatoes in rural 

areas particularly where they can invest in irrigation. These new entrants in potato farming produce 

potatoes mainly under irrigation and in the varieties that are demanded in urban markets. 

There is an emerging development in the farmer groups where potato farmers are strengthening their 

farmer organizations through formalizing them into stronger units such as cooperatives. These stronger 

and more formal units not only allow member farmers to take advantage of collective activities in times 

of adverse climatic events but also allow them to tap into resources and services from non-governmental 

organizations, county governments and other stakeholders. In Meru county, for instance, several small 

potato farmer groups merged to form a potato cooperative. The cooperative now provides farmer 

members with opportunities to access credit, good quality seed (certified seed and in the variety that is 

demanded in the market), buy crop insurance policy, access training through cooperative field extension 

officers and opportunities to participate in contract farming models. In some cases, the contractor 

provides its farmers with advice and inputs, especially certified seeds in the varieties that it requires. This 

takes the burden away from the farmers and encourages further investment in potato production 

despite the effects of climate change. Contract farming models underscore the role played by the 

farmer-buyer relationship in influencing farmer adaptive capacity. 

From this illustrative example and focusing on the farmer as the key farm decision-maker, we can 

deduce three determinants of farm resilience. First, farmers need to make deliberate investments in 

climate adaptation strategies such as the adoption of climate-smart agriculture (CSA) practices. 

However, the adoption of the CSA practices not only depend on the farmer and farm characteristics but 

also on underlying psychological factors (Hyland et al., 2018; Okello, Zhou, et al., 2018). Such 

psychological factors include farmer entrepreneurship (Ansah et al. (2019). Using our illustrative 

example, for inhabitants of urban areas to venture into potato farming in rural areas given their limited 
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farming experience represent their entrepreneurship mindset, specifically the innovativeness, 

proactiveness and risk-taking behaviour. The same argument applies to the existing farmers who 

experiment with CSA practices such as intercropping, irrigation and changing potato planting times given 

that these are not common practices in their current context. Bernier et al. (2015) studying gender and 

institutional aspects of CSA Practices in Kenya identified farmer innovativeness, education level, access 

to credit, membership in community organization among others as significant determinants of the 

adoption of CSA in Kenya. The table below shows the differences between adopters and non-adopters of 

irrigation on the variables age, gender, years of education, farm size, membership in farmer organization 

and contract farming using empirical data from potato farmers in Kenya. 

Table 1 Definition and descriptive statics for the variables. 

Variable  Irrigation adopters Non-adopters  
Age (years) 50.4 49.2 
Gender Male 65.7%  47.2% 

Female 34.3% 52.8% 
Education (years of schooling) 9 9 
Farm size (Acres) 2.9 3.0 
 
Membership in FO  

Member 70.2% 60% 
Non-member 29.8% 40% 

 
Contract farming  

Contract 40.4% 15.2% 
Non-contract 59.6% 84.8% 

Source: Authors based on a household survey among potato farmers in Kenya 2019. 

 

The table shows that the adopters and non-adopters of irrigation differ in a) gender with male farmers 

adopting more than female farmers, b) membership in farmer organizations with members adopting 

more than non-members. 

Second, farmers need support from various stakeholders to learn and invest in adaptation strategies. 

This calls for farmers to engage in collaboration both horizontal with other farmers and vertical with the 

buyers of farm produce. With respect to horizontal collaborations, we relate this with membership in 

FOs. Through membership, farmers benefit from access to services and resources necessary to adapt to 

the changing climate (Agrawal, 2008). For instance, farmers need credit to invest in drought-tolerant 

seed varieties, training on how to implement CSA practices and access stable and lucrative markets. 

Individually, smallholder farmers may not have the ability to access these resources, but collectively with 

other farmers, they benefit from pooling of resources, access to information and learning from the 

experiences of others. This is reflected in our potato farming illustration where farmers join FOs such as 

cooperatives that allow them to access resources and services. 
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Third, the relationships that farmers build with their buyers may lead to change in the farmer’s 

production, investment, and marketing decisions (Canevari-Luzardo et al., 2019). More precisely, a 

business relationship characterized by collaborative engagement between farmers and buyers may 

trigger farmers to engage in adaptation strategies like investing in new productive assets, adopting CSA 

practices, and switching crops. Strong farmer-buyer relationships create space for cooperation, 

information and risk sharing, and mutual learning providing a competitive advantage for both the 

farmers and the buyers involved. For instance, Bijman (2008) show that when farmers and buyers 

engage in contract farming arrangements, farmers benefit from certainty to sell their products, higher 

income, improved access to inputs, credit and technical assistance. These are necessary for improving 

farmer adaptive capacity (Vincent, 2007). In our illustration, farmers that have strong relationships with 

buyers benefit from assured markets, access to certified seeds in the varieties that are demanded in the 

market and technical assistance.    

Hence, as our illustrative example shows, it is worth zooming into farmers’ adaptive capacity as a 

plausible determinant of farm resilience. In turn, it is possible to hypothesize that farmer 

entrepreneurship, membership in FOs and farmer-buyer relationship may shape farmers’ adaptive 

capacity. In the following four sections, we review each of these core concepts. 

 

2.3 Farmers’ adaptive capacity  

Farmers’ adaptive capacity to respond to climate change is critical for reducing farm vulnerability and 

building farm resilience (Freduah et al., 2019). It represents the pre-conditions that reflects the learning, 

the flexibility to experiment and adopt innovations in response to a broad range of challenges 

(Gunderson, 2000). Vincent (2007) defines adaptive capacity as a vector of resources and assets that 

represent the resource base from which adaptation and investment decisions can be made. Accordingly, 

Cinner et al. (2018) identified five domains that are necessary for building adaptive capacity for 

resilience. These are the assets that people can draw upon in times of need, the flexibility to change 

strategies, the ability to organize and act collectively, learning to recognize and respond to change and 

the agency to determine when and how to change. Additionally, past research has shown that an actor’s 

adaptive capacity is shaped by interacting processes that occur at multiple scales, including membership 

of FOs and farmer-buyer relationship (Frank and Penrose-Buckley, 2012). 

To stimulate adaptive capacity, Armitage (2007) suggests that the following areas need to be 

understood, (a) the cross-scale relationships and networks among actors in a system; (b) the existing and 

evolving power relationships among actors; (c) the intangible resources such as trust that influence and 
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shape collaboration and learning; and (d) the extent to which cultural norms and values are consistent 

with collective action and collaborative learning. This implies that improving adaptive capacity requires 

an understanding of the social, organizational and institutional context (Angeler et al., 2019). Moreover, 

efforts to build adaptive capacity need to occur at multiple levels (Dentoni et al., 2019) since the 

effectiveness of these efforts is affected by the interactions among various levels.  

At the farm level, the farmer’s ability to diversify the farm, adopt drought-tolerant crop varieties and 

implement irrigation has the potential to improve farm resilience. However, farmers’ adaptive capacity is 

dependent on a conducive institutional environment, for instance, access to extension services and 

finance (Douglass-Gallagher and Stuart, 2019; Smit and Wandel, 2006). Faced with weak institutional 

support, farmers will largely depend on their ability to test and experiment, recognize and respond to 

opportunities, and manage risk (Burke and Emerick, 2016).  

Also, the type of relationships that farmers have with their suppliers of inputs and buyers of outputs 

affects the farmer adaptive capacity. Darnhofer et al. (2010) in studying the influence of markets on 

farmers’ adaptive capacity in Sweden, found that interaction between farmers and buyers create mutual 

understanding. They argue that with mutual understanding between farmers and buyers, farmers 

develop confidence and are more willing to invest in various adaptation strategies. 

The potato farming example from Kenya illustrates how farmers’ adaptive capacity may drive investment 

decisions for farm resilience. In Meru county of Kenya, we have observed farmers beginning to grow 

potato under irrigation given the prevalence of droughts in the recent past. Previously, irrigation was 

only applied to vegetables. However, not all farmers that have access to water irrigate their potato 

fields, others instead choose to reduce the area under potato. This observation suggests that not all 

farmers can adapt to climate change. The example also leads us to ask the question, what drives some 

farmers to adapt while others do not. 

 

2.4 Farmer entrepreneurship 

We put forward the argument that in turbulent environments such as farming in the context of climate 

change, farmer entrepreneurship partly explains why some farmers better adapt to climate change than 

others. In particular, it is entrepreneurship orientation (EO) that differentiates between farmers that 

adapt and those that do not (McInnis-Bowers et al., 2017). 

Taking the example of a potato farm, the farmer makes use of the human potential to decide on farm 

investment decisions to achieve desired goals. However, coupled with uncertainties, the farm 
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investment decisions are constrained by the personality traits, preferences and competencies 

(Darnhofer, 2010). One of the often-cited personality traits that distinguish farmers in decision-making is 

risk perception (Below et al., 2012; Tucker et al., 2010). If we view a farmer as an entrepreneur, the logic 

also should follow that proactiveness and innovativeness additionally influence farmers’ decisions 

(Vlasov et al., 2018). Therefore, we argue that the higher the farmer EO, the higher the level of farmer 

adaptive capacity. 

As part of the EO construct, innovativeness is the ability to deviate from established practices and 

technologies towards supporting new ideas through learning and experimentation (Lumpkin and Dess, 

1996). For farmers, this entails the adoption of farm innovations such as the introduction of new 

management and cultivation practices (Groot et al., 2016). Proactiveness is the ability to anticipate and 

act on future needs. It includes introducing product varieties in advance of others, thereby benefiting 

from a first-mover advantage (Lumpkin and Dess, 1996). This presupposes that farmers with forward-

looking characteristics capitalize on emerging opportunities that result from the change. In addition to 

innovativeness and proactiveness, risk-taking behaviour, as a third dimension of EO, implies the ability to 

invest resources in risky activities and processes. 

From the illustrative example, the farmers that invest in the purchase of certified potato seed (often 

constituting a large portion of potato production costs) can be said to be risk-takers, particularly those 

who invest in potato varieties without an assured market of the produce. In addition, farmers that apply 

irrigation on potato fields can be said to be engaging in process innovation and thus they can be viewed 

as innovative farmers relative to farmers that choose to keep the status quo of irrigating vegetables or 

those that reduce their potato area. Finally, farmers exhibit proactive characteristics when they are 

among the first to step into irrigating potato fields, especially where this is not common for this crop. 

By incorporating farmer EO as a factor influencing farmer investment decisions on climate change 

adaptation strategies (see Figure 1), we extend the work of Grothmann and Patt (2005) who propose a 

socio-cognitive model of adaptation that compensates for the weaknesses of adaptation theories. While 

Grothmann and Patt (2005) only focused on risk perception, in this paper we add the two other EO 

dimensions, proactiveness and innovativeness. This leads us to the following proposition: 

P1. Farmer EO positively influences farmers’ adaptive capacity and thus farm resilience. 

The conceptual framework (Figure 1) proposes the pathways through which farmers’ adaptive capacity 

enhances farm resilience. This framework provides the conceptual basis upon which future empirical 

studies may test the relationship among determinants of farm resilience. 
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2.5 Farmer organizations 

A farmer organization (FO) refers to a voluntary collective action organization owned and controlled by 

farmers to pursue common interests (Meinzen-Dick et al., 2004). A FO can take different forms including 

cooperative, association, self-help group and marketing group (Bijman et al., 2016). These are forms of 

self-organization that may provide services that help farms to become resilient (Carpenter et al., 2001). 

Currently, understanding of the nuanced role of FOs in supporting adaptation to climate change remains 

sketchy (Boyd et al., 2008). Yet, FOs are critical in providing the farmer with learning, legitimacy, 

governance, diffusion of innovation and information necessary in adapting to changes. 

FOs act as sources of information, learning platforms and social support that farmers can rely on when 

dealing with climate change (Tompkins, 2005). This implies that farmers’ adaptive capacity emerges from 

organizational contexts where farmers meaningfully interact, learn and collaborate. FOs are flexible in 

responding to the complexity and dynamics of member needs, create linkages with other actors and 

provide space for knowledge generation and sharing (Kearney and Berkes, 2007). 

A typical example of how the services provided by FOs may influence farmers’ adaptive capacity is 

through extension services, which provide farmers with learning opportunities that enhance their 

adaptive capacity for farm resilience (Jacobi et al., 2013). In this way, FOs provide farmers with a space 
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to experiment and innovate as a group or individually (Borda-Rodriguez and Vicari, 2015). Particularly, 

experimentation enables farmers to adapt to the continuously changing environment (Bentley, 2006) as 

it produces innovations and generates local knowledge that improves farmers’ adaptive capacity (Leitgeb 

et al., 2011). Innovation relies on access to finance, information and other resources, which can be 

accessed through participation in supportive institutions such as FOs, especially for resource constraint 

smallholder farmers. In addition, FOs through their extension services facilitate exchange programs for 

learning between experienced and less experienced farmers. 

At the farm level, the outcome of extension services is increased adoption of farm practices innovations, 

for instance, crop rotation and the introduction of new crop varieties. FOs facilitate farmers to adopt 

new farming practices by providing access to technologies, finance and technical backstopping during 

the adoption process (Kummer et al., 2012; Pelletier et al., 2016). Additionally, FOs facilitate the 

marketing of farm produce through their bargaining role, enabling farmers to access lucrative markets. 

This has a direct impact on farmers’ revenues, which can be reinvested in adaptation measures (Borsky 

and Spata, 2018). Jung (2017) showed that local organizations enhance actors’ capacity to recover from 

catastrophic events through providing access to critical resources, information and joint response 

planning. 

The case of Kenyan potato farming highlights the importance of FOs for farm resilience. We observe that 

farmers are members of FOs mainly to access inputs and services which may help them adapt to climate 

change. In addition, FOs facilitate farmers to obtain access to resources and services from private 

businesses, NGOs and county governments. In Meru, for instance, we observed that small village level 

farmer groups merged to form a potato cooperative, which provides member farmers with access to 

credit and certified potato seed in varieties that is demanded by specific buyers. Farmers are also able to 

insure their crops, access extension and training through the cooperative field extension officers and 

enter into a contract farming arrangement. These resources and services have the potential to help 

farmers to invest in climate adaptation strategies thereby building farm resilience. Based on this 

literature and corroborated by the illustrative example, we develop the following proposition:  

P2. Membership in and access to services provided by FOs improve farmers’ adaptive capacity which, 

in turn, strengthens farm resilience. 
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2.6 The nature of farmer-buyer relationship 

In a rapidly changing environment, creative and flexible means to counter the changes are being sought. 

Some response mechanisms have been leveraged on trading relations (Fischer and Hartmann, 2010), 

such as transaction relations between farmers and their buyers (Irwin and Campbell, 2015; Kuhl, 2018). 

These relationships between farmers and their buyers are by nature self-organizing and continuously 

evolve to adapt to opportunities and challenges (Campbell et al., 2014). Emerging farmer-buyer 

relationship are determined by the nature of the product, the market requirements, the market channel 

characteristics and the external environment in which the farm operates (Dlamini-Mazibuko et al., 2019). 

In general, buyers and sellers have the opportunity and freedom to switch their trading partners. 

However, for some products and given the market conditions facing businesses a switch is not always an 

option. For instance, buyers whose business competitive edge depend on a specific crop (i.e., potatoes) 

have no choice but to nurture the relationship with the crop farmers by supporting them, including 

helping them in their adaptations strategies. Without good relationships with buyers, farmers may 

decide to switch to other crops. Strong farmer-buyer relationship help to overcome coordination 

dilemmas by enhancing the ability to align expectations for mutual benefits (Mesquita and Lazzarini, 

2008). For instance, with a strong farmer-buyer relationship, buyers may provide farmers with inputs 

and credit in a check-off system allowing them to implement climate adaptation strategies that 

ultimately benefit both farmers and buyers. 

In the past, farmer-buyer relationships have been studied in light of improving farm performance (Xhoxhi 

et al., 2018) or adjusting farm production to changing market and policy environments (Wang et al., 

2011). These studies show that farmer-buyer relationships facilitate information exchange, joint 

decision-making, resource and risk sharing, and joint learning which improves actors’ adaptive capacities 

(Scholten and Schilder, 2015). As such, attention to farmer-buyer relationship contributes to overcoming 

the one-sided focus on farm resilience (Darnhofer et al., 2016). Farmer-buyer relationships are also 

taking place within the Kenya potato farming sub-sector. We have shown in our example that in cases 

where potato farmers enter into contracts with buyers, the contractor may provide farmers with 

advisory services on potato production and inputs such as certified potato seed. This reduces the burden 

on farmers and encourages further investment in climate adaptation strategies such as investment in 

irrigation. Contract farming arrangements underscore the role played by the farmer-buyer relationship in 

influencing farmers’ adaptive capacity for strengthening farm resilience (Azumah et al., 2017).    
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Taking this relational view implies that farm resilience will depend on coordinated responses between 

the farmers and buyers. These coordinated responses, in turn, depend on the strength of the 

relationship between farmers and buyers (Chen et al., 2011; Dlamini-Mazibuko et al., 2019). The nature 

of the trading relationship influences the willingness of farmers and buyers to invest in interdependent 

activities. For farmers, if the relationship with buyers is important for their investment decision, then the 

questions that arise are, a) what relational aspects are most important to enhance the farmer adaptive 

capacity? and b) what are the mechanisms through which farmer-buyer relationship influence farmer 

adaptive capacity? In an attempt to answer these questions, we propose an adaptation of the 

commitment-trust theory from relationship marketing (Morgan and Hunt, 1994). 

Within the social exchange theory, farmer-buyer relationship may be described in terms of four 

relational constructs: trust, commitment, power dependency and satisfaction (Batt, 2003; Chen et al., 

2011). Previous studies have shown that trust positively influences commitment which drives actors to 

invest in the relationship (exhibited in their interdependent businesses), which in turn can positively 

influence business resilience (Mandal and Sarathy, 2018). Wu et al. (2012), in applying the commitment–

trust framework, found that higher trust levels improve the quality of interaction between trading 

parties thereby reducing uncertainties and minimizing the likelihood of an actor exiting the trading 

relationship. 

While it has been shown that the relational aspects in a farmer-buyer relationship influence business 

performance, we argue that the relational aspects are equally important in explaining farm resilience. In 

a farmer-buyer relationship, the relational aspects influence the investment decisions that farmers make 

and the practices that they perform on their farms in response to climate change. Srinivasan et al. (2011) 

argue that faced with uncertainties, robust supply chain relationships play a role in developing 

capabilities to deploy resources to achieve the desired outcome –adaptive capacity. Argued this way, a 

farmer-buyer relationship anchored on trust, relational commitment, power symmetry and relational 

satisfaction improve adaptive capacity and thus the farmers' willingness to make farm investments that 

improve adaptation to climate change.  

In this paper, we present our conceptual thoughts on how the relational aspects in a farmer-buyer 

relationship influence farmers’ adaptive capacity and thus farm resilience. We note, however, that 

farmer-buyer relations do not exclusively enhance farmers’ adaptive capacity but are complementary to 

other factors such as the farmer EO and the membership in FO (see Figure 1). 
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In a farmer-buyer relationship, trust arises from constant and detailed information exchange and creates 

benefits for both the farmer and the buyer. It reflects the extent to which a trading partner has the 

confidence and belief that the counterpart is honest and benevolent (Anderson and Narus, 1990). 

Accordingly, trust has been shown to have positive effects on attitudes, perceptions, behaviours, and 

performance outcomes (Dirks and Ferrin, 2001). Trust between trading partners enable joint 

responsibility for each other’s business success, shared planning and flexibility with respect to changes 

(Johnston et al., 2004). In farmer-buyer relationship, the presence of relational trust facilitates 

commitment which influences farmers’ investment decisions. In this way, trust can be said to safeguard 

against opportunistic behaviour and reduce transaction costs (Batt, 2003). Based on this we make the 

following proposition 

P3a. Trust in farmer-buyer relationship influence the relational commitment  

Relational commitment is defined as the extent to which trading partners devote time and resources to 

the ongoing trade relationship since they consider the relationship to be important (Morgan and Hunt, 

1994). It is a measure of the strength of the business relationship and explains the survival of the 

relationship in turbulent times (Masuku et al., 2003). Where relationships are characterised by a high 

level of commitment, parties are willing to enter transaction-specific investments that support business 

resilience. In a farmer-buyer relationship, commitment influences whether farmers and buyers invest in 

their business for mutual benefits. Therefore, from a farmer’s perspective, commitment plays a central 

role in shaping the farmer adaptive capacity. In Kenya, for instance, Macchiavello and Morjaria (2015) 

show that even with supply uncertainties, flower farmers were willing to continue investing in the flower 

production as long as they perceived that their buyers were committed to the trading relationship. While 

we argue that relational commitment in the farmer-buyer relationship is important for farmer adaptive 

capacity, we note that decisions to commit to the relationship are influenced by the opportunity cost of 

the next best alternative. In our case, we expect that relational commitment in farmer-buyer relationship 

influence farmer adaptive capacity.   

P3b. Relational commitment in farmer-buyer relationship influence the farmer adaptive capacity.    

Relational satisfaction is defined as the extent to which trading partners view the trading relationship as 

fulfilling and gratifying (Geyskens and Steenkamp, 2000). Where farmers faced with climate change are 

satisfied with the trading relationship with their buyers, their commitment to the relationship increases 

and this allows for investment in adaptation strategies. We, make the following proposition. 
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P4. Relational commitment in farmer-buyer relationship mediates the link between relational 

satisfaction and the farmer adaptive capacity. 

Lastly, power dependency refers to the ability of a company to influence the intentions and actions of its 

trading partner (Benton and Maloni, 2005). The way the powerful partner in a trading relationship 

chooses to exercise its power will have an impact on the commitment of the other partner. If it is 

perceived that a partner is using power to achieve mutual benefits, trading partners develop trust which 

increases commitment in the trading relationship. This in turn triggers investment in the business. On the 

other hand, if a partner is perceived to be using power opportunistically for personal gain, conflicts may 

arise as mistrust develops. This impedes commitment and discourages investment thus inhibiting 

adaptation to changes facing the business. This dynamic suggests that 

P5. Relational commitment in farmer-buyer relationship mediates the link between power 

dependency and the farmers’ adaptive capacity. 

 

2.7 Discussion and suggestions for testing the proposed framework  

In this paper, we present a novel conceptual framework for understanding farm resilience to climate 

change. We build upon the existing literature on entrepreneurship, farmer organizations and farmer-

buyer relationship to explain the pathways through which farm resilience can be strengthened. 

First, we reiterate what has been established in the literature, that is, climate change continues to pose a 

major impact on farm businesses. To counter adverse effects, there is an urgent need to build farm 

resilience. Building farm resilience to climate change requires that stakeholders come up with strategies 

that improve farmers’ adaptive capacity (Mashizha, 2019). We present farmers’ adaptive capacity as a 

key determinant for strengthening farm resilience. Specifically, we view farmers’ adaptive capacity as a 

prerequisite for adaptation to take place and thus for resilience building (Fazey et al., 2007). However, 

the question that remains unanswered is: How can the farmers’ adaptive capacity be strengthened or 

weakened? To answer this question, we take a farmer perspective and ask what do farmers need to 

adapt to climate change? Generally, farmers need to make investment decisions to adapt to climate 

change such as the adoption of climate-smart agricultural practices. 

These investment decisions depend on farmer socioeconomic and cognitive characteristics (Cohen et al., 

2016), and the collaboration both horizontally and vertically that farmers have with other farmers and 

the buyers of farm produce respectively. We identify entrepreneurial orientation (as a farmer cognitive 

traits), membership in farmer organizations and the nature of farmer-buyer relationship as pathways for 
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improving the farmers’ adaptive capacity and thereby farm resilience. We apply our conceptual 

framework to a specific example of potato farming in Kenya to explore how the framework may be used, 

how the determinants of farm resilience may be assessed and to open a debate for further discussion. 

This framework reveals important considerations that are often ignored in climate change adaptation 

studies. Notably, that achieving farm resilience is a long-term social process rather than a technical 

challenge.  

The proposed conceptual framework can be operationalised and tested empirically in diverse farming 

contexts. First, the measures of each of the identified determinants of farm resilience need to be 

adapted to fit the context under study. For the farmer EO, we adapt the conceptualisation of EO as the 

farmers’ decision-making proclivity favouring entrepreneurial activities (Covin and Lumpkin, 2011; 

Lumpkin and Dess, 1996). With regard to membership in farmer organizations, we propose measures 

that explore the internal governance structure of the FO and the services that the FOs provide to its 

members. Karadzic et al. (2014) show that adaptive responses are shaped by membership in producer 

organizations, the internal organizational structures and learning processes. Lastly, we propose an 

adaptation of the work of Batt (2003) on measures of the farmer-buyer relationship in an attempt to 

explain the investment decisions that farmers make in the face of climate change. 

In sum, as studies on farm resilience grow, incorporating not only the role of the farmer but also, the 

complex interactions and relationships taking place at the farm level contribute to overcoming the 

narrow view on farm resilience. 

 

2.8 Policy, managerial and theoretical implications 

Our proposed framework contributes to the value chain, entrepreneurship and farmer organization 

literature by pointing out how they may support farmers’ adaptive capacity to manage farm resilience. 

We provide insights into what constitutes farm resilience within a smallholder farming setup and how it 

can be strengthened in a developing country context. From the literature review, we first suggest that 

policy and managerial efforts need to be directed to the approaches that influence farmer 

entrepreneurship – enabling farmers to be innovative, trigger their risk-taking behaviour and enabling 

them to act proactively. Second, FOs need to be supported endogenously by member farmers or 

exogenously by outside parties such as governments agencies or NGOs. The support enables the FO to 

deliver the key services necessary to build farmers adaptive capacity. Third and lastly, there is a need to 

advocate for a strong farmer-buyer relationship characterized by trust, relational satisfaction, symmetric 
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power dependency and relational commitment. Strong farmer-buyer relationships trigger investment 

decisions by both buyers and farmers for mutual benefit.  

These conceptual findings lead to general implications for development practitioners, managers and 

policy makers. For development practitioners, this review points to the need to target their development 

interventions towards supporting farmer entrepreneurship, FOs and advocating for building strong 

farmer-buyers relations. For policy makers, this review provides an indication of the policies that can be 

formulated or reformulated to strengthen farm resilience. For managers, we point to the potential ways 

of coping with and adapting to climate change. 
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Adoption of climate-smart agriculture among smallholder farmers: Does farmer 
entrepreneurship matter? 

 

Abstract  

Climate change poses significant challenges to agriculture, with serious impacts on smallholder farmers’ 
food security and livelihoods. Climate-smart agriculture (CSA) is being promoted to facilitate climate 
change adaptation and mitigation. While there is evidence that CSA supports smallholders’ adaption to 
climate change, the rate of CSA adoption remains low, particularly in sub-Saharan Africa. Previous 
studies have explained the low adoption based on generic factors such as farm, farmer, institutional and 
location characteristics, yet little is known about the role of farmers’ cognitive traits. This study 
investigates the influence of farmer entrepreneurial orientation, a cognitive trait reflecting a farmer’s 
innovativeness, proactiveness and propensity to take risks. We use data from smallholder potato farmers 
in Kenya and estimate a set of multivariate probit models to analyse the adoption decisions. Results 
show that risk-taking positively influences the adoption of irrigation, changing cultivation calendar, use 
of certified seed, crop rotation and soil testing. Proactiveness is positively related to the use of irrigation, 
changing the cultivation calendar and use of certified seed, while it is negatively related to intercropping. 
Contrary to our hypothesis that innovative farmers are more likely to adopt CSA practices, we find a 
negative relation between innovativeness and the use of certified seed. After categorizing CSA practices 
based on the main resources required, we find that risk-taking is positively associated with the adoption 
of practices that require a high intensity of skilled labour and financial resources. Innovativeness is 
negatively associated with practices that require a high intensity of financial resources. Lastly, we find 
proactiveness to be positively associated with the adoption of finance-intensive practices but negatively 
associated with unskilled-labour-intensive practices. These findings imply, first, that development 
practitioners should consider the interrelations among CSA practices and farmer entrepreneurial 
orientation in designing development interventions. Second, policy-makers need to create an 
environment conducive to farmer entrepreneurship as an indirect way to support the adoption of 
appropriate CSA practices. 
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3.1 Introduction  

Global food production is under serious threat from climate change. Particularly in sub-Saharan Africa 

(SSA) where agriculture is an important sector for economic development, climate change adds another 

layer of challenges to agricultural production and rural development (Maggio and Sitko, 2019). In Kenya, 

the main climatic challenges facing smallholder farmers include frequent droughts, periodic floods and 

unpredictable rainfall patterns, which continue to pose a threat to food and livelihood security (Ochieng 

et al., 2016). In response to these challenges, various mitigation and adaptation strategies such as 

climate-smart agriculture (CSA) have been developed and promoted to improve farm productivity and 

enhance food security (FAO, 2013). However, smallholder farmers in SSA continue to suffer from the 

effects of climate change, because of their limited adaptive capacity (Asfaw et al., 2016). 

CSA encompasses practices and technologies that have the potential to achieve the “triple-win” of 

increasing food security and incomes, climate change adaptation and mitigation (Campbell et al., 2014). 

While CSA has been presented as having the ability to deliver synergistic mitigation-adaptation-

development outcomes and therefore appeals to policy and development practitioners, no single CSA 

practice has been shown to deliver the triple-win benefits. Instead, the potential to achieve triple-win is 

through careful combinations of different CSA practices (Ellis and Tschakert, 2019). Despite the potential 

benefits, CSA practices in developing countries are not achieving their full potential given the low levels 

of adoption (Westermann et al., 2018). Factors that explain the low adoption of CSA practices include 

farm and farmer characteristics, and institutional constraints (Bernier et al., 2015) as well as the 

characteristics of the practices themselves (Senyolo et al., 2018). 

While various farm and farmer characteristics have been studied relating to the adoption of CSA (Amadu 

et al., 2020; Yegbemey et al., 2013), the role of farmers’ cognitive traits in adoption decisions remains 

underexplored (Dessart et al., 2019). Cognitive traits are behavioural or psychological in nature and 

relate to learning and reasoning: they include, for example, farmers’ perception of costs and risks 

preferences associated with a particular practice (Dessart et al., 2019). Notably, cognitive traits can be 

shaped as people develop them over time, for instance, through targeted training programmes (Palich 

and Ray Bagby, 1995), or learning individually or collectively from past experiences. So far, and for 

decades since the work of Feder et al. (1985), studies on farmers’ cognitive traits have largely focused on 

how risk preferences (the tendency to choose an action or activity with high risks) influence technology 

adoption decisions (Huang et al., 2014; Isik and Khanna, 2003; Jianjun et al., 2015). Yet, in addition to this 

literature stream, we suggest that farmers’ risk preferences are not the only cognitive traits driving 

innovation adoption. Other cognitive traits include perceptions about the benefits of innovations, as well 
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as aspirations, intentions and attitudes (Dessart et al., 2019; Serebrennikov et al., 2020). In terms of 

literature on farmers’ cognitive traits, the theory of planned behaviour (TPB) and theory of reasoned 

action (TRA) (Arunrat et al., 2017; Borges et al., 2016; Martínez-García et al., 2016) have been widely 

used to explain farmers’ innovation adoptions. These theories pay more attention to understanding the 

process of innovation adoption with little emphasis on the link to the outcome of adoption, which is the 

ultimate purpose of the innovation.  

To contribute to these literature strands in understanding how farmers’ cognitive traits influence 

innovation adoption, in this paper, we hypothesise that farmer entrepreneurship plays a relevant role in 

decisions to adopt CSA practices. This happens when potential innovation adopters face uncertain 

environments such as climate change (York and Venkataraman, 2010). We specifically hypothesise that 

farmers’ entrepreneurial orientation (EO), which reflects not only their risk preferences but also their 

innovativeness and proactiveness, might represent an important driver of their innovation adoption 

(Gellynck et al., 2015). Specifically, risk-taking signifies the willingness to commit significant resources to 

activities for which the outcomes are uncertain. Innovativeness is the tendency to deviate from 

established practices and technologies and the willingness to follow new ideas and practices, through 

learning and experimenting. Lastly, proactiveness reflects the ability to anticipate and act on emerging 

opportunities and threats by developing and introducing new ideas and practices before others (Lumpkin 

and Dess, 1996). This hypothesis aligns with the recent land use policy literature which suggests that 

entrepreneurship supports farmers in adapting to environmental challenges (De Rosa et al., 2019; 

Pindado et al., 2018).  

Therefore, our focus on farmers’ EO adds a valuable explanation, relative to the extant literature, on 

explaining and predicting farmers’ innovation adoption. Recent studies have shown that, when facing 

both economic and environmental challenges, some farmers are more capable to adapt than others. This 

heterogeneity in the ability to adapt has been attributed to farmer EO (Barzola Iza and Dentoni, 2020; 

York and Venkataraman, 2010). For example, the findings of Barzola Iza and Dentoni (2020) indicate that 

farmers’ innovativeness supports the adoption of new farm practices by taking up new ways of farm 

organisation emerging from access to new information, they refer to this as process innovation. 

Furthermore, Etriya et al. (2019) showed that more entrepreneurial farmers have better farm 

performance both in terms of technology adoption and income.  

Rooted in the strategic management literature, EO might be of specific importance for farmers facing 

climate-change challenges as they can no longer continue farming as usual: they have to adapt their 

farming practices to the unpredictably changing environment. One way of adapting is through 
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investment in CSA practices. While this points to the importance of farmer risk-taking behaviour in 

decisions to invest in CSA practices, exclusive focus on risk-taking behaviour is not sufficient, farmers 

need to be innovative and proactive (entrepreneurial) in their production decisions when facing climate-

change challenges (York and Venkataraman, 2010). For instance, farmer innovativeness has been shown 

to exert a positive influence on the adoption of water-saving technologies in Italy (Pino et al., 2017). At 

the farm level, this reflects process innovation, the act of adopting new farm practices and executing 

new information (Barzola Iza and Dentoni, 2020).  

With respect to climate change adaptation, Kangogo et al. (2020) proposed based on the theory that 

higher farmer EO increases farmers’ adaptive capacity and, in turn, their propensity to adopt climate 

change adaptation strategies at the farm level. As defined by Adger et al. (2004), adaptive capacity is the 

ability of a system to modify its characteristics or behaviour in order to cope better with existing or 

anticipated shocks. Relating to adaptive capacity as a behavioural characteristic, Grothmann and Patt 

(2005) describe it as the capacity to learn and to respond flexibly to environmental and socioeconomic 

changes. EO is the manifestation of proactive and innovative behaviour coupled with a readiness to 

pursue opportunities under uncertainty (Wiklund and Shepherd, 2005). Following these definitions, 

Eshima and Anderson (2016) have shown that EO contributes to increased adaptive capacity through 

pursuing entrepreneurial activities. Accordingly, the joint exhibition of innovative, proactive and risk-

taking behaviours creates opportunities to respond to needs and challenges (adaptive capacity). In this 

paper, we test the hypothesis that farmer EO increases farmers’ capacity to adapt to climate challenges 

as manifested by the adoption of CSA practices. 

Given this societal and scientific background, this paper addresses the questions of whether and how 

farmer EO influences the adoption of CSA practices. We use a novel dataset from smallholder potato 

farmers in Kenya, where we assess both farmer entrepreneurship and a set of control variables.  

In testing the hypotheses about farmer EO as a driver of CSA adoption, we contextualise 

entrepreneurship using a case of smallholder potato farming in Kenya to understand when, why and how 

entrepreneurship is important (Welter, 2011). The potato-farming context is particularly relevant since 

potatoes represent a so-far understudied crop in relation to CSA practices. The current literature on the 

adoption of CSA practices has mainly addressed cereal crops such as maize (Amadu et al., 2020; Kassie et 

al., 2015) and rice (Ojo and Baiyegunhi, 2020; Trinh et al., 2018). Evidence on the adoption of CSA 

practices in potato farming remains underdeveloped, yet potato is highly susceptible to climate change 

(Parker et al., 2019). In Kenya, potato farming contributes significantly to household income and food 

security (Parker et al., 2019). Hence, understanding potato farmers’ decisions to adopt CSA practices is of 
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key importance to policy-makers and development practitioners, as it lays a foundation for the design 

and implementation of impactful policies and interventions. 

The benefits of CSA practices hinge on farmers adopting multiple practices simultaneously to maximise 

the synergies among CSA practices. Methodologically, some studies have analysed the adoption of farm 

practices as a combination of multiple practices, thus unravelling the salient relationships between 

different practices as either complements or substitutes (Gebremariam and Tesfaye, 2018; Teklewold et 

al., 2019; Wainaina et al., 2016). Other studies use a count of practices that farmers have adopted as a 

proxy of the intensity of adoption (Kpadonou et al., 2017; Muriithi et al., 2018). The weakness of the 

latter approach is the assumption that adopting more practices is better than adopting fewer practices. 

In an attempt to overcome this limitation, we adapted a typology proposed in Amadu et al. (2020) that 

focuses on the intensity of resources required to effectively adopt a CSA practice. 

The contribution of this paper is threefold. First, the paper extends the literature on determinants of 

adoption beyond the generic characteristics such as farmer, farm and institutional to include cognitive 

traits which have received less attention to date. Second, the paper identifies farmer EO as a specific set 

of cognitive traits that encompass farmer innovativeness, proactiveness and risk-taking behaviour and 

explores how these traits influence CSA adoption. Third, building upon the typology developed in Amadu 

et al. (2020), the analysis relates the three dimensions of farmer EO to the CSA categories based on the 

main resources necessary for adoption.  

The remainder of the paper is structured as follows. Section two presents the theoretical framework 

underlying this study. Section three presents the data and the empirical model. Section four provides the 

results and discussion of the main findings, and in the final section, we present the conclusion and 

implications of this study. 

 

3.2 Theoretical Framework  

3.2.1 CSA practices  

Climate-smart agriculture refers to practices that increase productivity and income, build farm resilience 

and mitigate climate change by reducing greenhouse gas emissions (FAO, 2013). At the farm level, the 

adoption of CSA practices is context-specific influenced by institutional factors, resource availability and 

prevailing climate conditions (Lipper et al., 2014). Regardless of the context under consideration, the 

level of farmer adoption of CSA practices signifies the farmer’s adaptive capacity (Asfaw et al., 2016), 

which in turn depends on the resources that a farmer can access and his/her ability to combine 
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resources (Cinner et al., 2018). Following this, the adoption of CSA practices may be explained by the 

level of farmer entrepreneurship defined as the process of recombining agricultural resources 

innovatively to create opportunities for value creation and to respond to emerging needs (Shane and 

Venkataraman, 2000). 

Faced with climate change challenges, farmers are increasingly adopting multiple adaptation practices 

with complementary effects (Amadu et al., 2020; Teklewold et al., 2019). Adopting a combination of 

practices enables farmers to maximise synergies among CSA practices. This also enables farmers to 

diversify and improve production in the face of overlapping challenges such as low soil fertility and 

climate change (Khanna, 2001). Within the farm technology adoption literature, it has been shown that 

different socioeconomic, institutional and environmental factors influence the adoption of CSA practices 

(Teklewold et al., 2019). Yet, the effect of farmer cognitive traits such as farmer entrepreneurship 

remains understudied resulting in an incomplete overview and limited theoretical understanding of how 

and why these factors affect adoption decisions (Dessart et al., 2019). 

 

3.2.2 Adoption of agricultural innovations and farmer entrepreneurship 

Theories on the adoption and diffusion of agricultural innovations have generally centred around three 

perspectives. First, theories that focus on the characteristics of the innovation explaining when and how 

diffusion and adoption occur (Rogers, 2003). Relevant determinants are the level of learning investment, 

initial investment cost and additional labour required when adopting a farm innovation (Senyolo et al., 

2018). Second, theories that relate to the farmer’s adoption intention and behaviour, such as the TPB 

(Ajzen, 1991). As to the farmer’s adoption intention, Barnes et al. (2019) studied the adoption of 

precision agricultural technologies and found that attitudinal difference, such as optimism towards the 

economic benefits of technology leads to an increase in the probability of adoption. Third, theories that 

focus on the expected utility, using a random utility framework (Dorfman, 1996). While the premise of 

expected utility theory is to maximize utility taking into account the various adoption constraints 

including labour and capital among other production constraints, such theories do not explicitly take into 

account the cognitive and behavioural characteristics that may hinder adoption (Hess et al., 2018). 

Relative to the foregoing theories, in this paper we challenge the notion that smallholder farmers are 

typical price takers and passive decision-makers. On the contrary, we argue that smallholder farmers 

continuously adapt to changing circumstances that affect their farming businesses (Morris et al., 2017). 

These changing circumstances may be social, economic or environmental including climate change. The 

process of adapting to these changes require that farmers act entrepreneurially (McElwee and Smith, 
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2012) and thus the cognitive traits of risk-taking, innovativeness and proactiveness play important roles 

(Etriya et al., 2019). The combination of these traits has been referred to as EO (Lumpkin and Dess, 

1996). 

Broadly speaking, farmer entrepreneurship refers to the process of recombining resources innovatively 

to pursue opportunities towards the achievement of economic and social goals (Fitz-Koch et al., 2017; 

Shane and Venkataraman, 2000). Viewed this way, entrepreneurship is a cognitive trait related to the 

farmers’ decision-making styles (Dessart et al., 2019). In Finland for instance, Mikko Vesala et al. (2007) 

show that when faced with pressure to restructure farming, entrepreneurial identity is part of the 

solution. Based on farmer self-categorisation as an entrepreneur or not and how this affects farm 

diversification, Mikko Vesala et al. (2007) focus on eight dimensions of entrepreneurial identity, namely 

economic values, innovativeness, growth-orientation, risk-taking, self-efficacy, optimism and personal 

control. They find that compared to traditional farmers, the entrepreneurial farmers perceive 

themselves as growth-oriented, risk-takers, innovative, optimistic and having more personal control over 

their farms. These cognitive traits shape how farmers combine resources such as labour, knowledge, 

skills, finances and physical capital. Hence, entrepreneurial farmers are usually among the first to engage 

in novel farming and business practices by taking calculated risks and acting innovatively (Barzola Iza et 

al., 2019).  

As the first dimension of EO, innovativeness is the ability to deviate from established practices and 

technologies towards supporting new ideas, often through learning and experimentation (Lumpkin and 

Dess, 1996). For farmers facing climate change challenges, innovativeness may induce them to try out 

CSA practices. As a second EO dimension, proactiveness implicates the ability to anticipate and act on 

future threats and opportunities. Different from reactive traits (Brzozowski and Cucculelli, 2016), 

proactive traits are associated with an orientation towards searching or creating new opportunities. 

Hence, proactive farmers usually are those that first engage in new processes and practices or 

developing new products. When facing climate change, proactive farmers might foresee and act upon 

opportunities and threats.  

The third EO dimension is the propensity of taking calculated risks (or risk-taking). Taking calculated risks 

involves committing resources to ventures or activities for which returns are not assured (Rauch et al., 

2009). Risk-taking farmers might invest more resources in the adoption of CSA practices, while risk 

aversion results in under-investment and thus low adoption (Hansen et al., 2019).  
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This operationalisation of farmer entrepreneurship allows for exploration of the role of the specific 

dimensions of farmer EO in the adoption of a set of specific CSA practices. The following hypotheses are 

tested: 

H1. More risk-taking farmers are more likely to adopt CSA practices. 

H2. More innovative farmers are more likely to adopt CSA practices.  

H3. More proactive farmers are more likely to adopt CSA practices.  

In addition to the role of farmer EO in farm technology adoption decisions, context-related issues are 

also important for farmer adoption decisions (Welter and Gartner, 2016). In the adoption of precision 

farming tools in Italy, Vecchio et al. (2020) define three categories of context-related issues. The first 

issue (the who) relates to the social and demographic characteristics of the farmer, including age, 

gender, education level, years of farming, involvement in off-farm activities. Considering age, gender and 

the level of education, evidence shows that relatively younger farmers, men and those with higher levels 

of education have a higher probability of adopting new farming practices (Kassie et al., 2015; Wainaina 

et al., 2016). The second issue (the where) relates to the structural characteristics of the farm such as 

farm size. Previous studies show mixed findings on farm size and technology adoption. While some have 

found that larger farms are more likely to adopt (Teklewold et al., 2013; Trinh et al., 2018), others have 

found no such effect (Zeweld et al., 2020) or found positive effects for some technologies and negative 

for others (Kassie et al., 2015). These findings indicate that farm size has a differential effect on the 

adoption of farm technologies. The last issue (the why) relates to the farmer’s intrinsic motivation to 

adopt new farming technologies (Greiner and Gregg, 2011). In this paper, we focus on the who question, 

and instead of focusing only on the social and demographic characteristics of the farmer, we include 

cognitive traits. We also explore the role of the where issue by including variables relating to the farm 

itself and the institutional environment in which the farm operates.  

 

3.3 Methodology  

3.3.1 Data and sampling procedure 

The data used in this study come from a farm household survey that was conducted from June to August 

2019 among smallholder potato farmers in Kenya. While potatoes are grown in almost all arable parts of 

Kenya, the main potato-producing counties are Meru, Elgeiyo Marakwet, Bungoma, Nakuru, Narok, 

Bomet, Nyandarua, Nyeri, Taita Taveta and Kiambu. The top five counties in terms of the land under 
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potato cultivation are Meru, Nyandarua, Nakuru, Elgeiyo Marakwet and Kiambu, with Meru and Nakuru 

accounting for over 30% of the land used for potato (Kaguongo et al., 2014).  

A multistage sampling procedure was used to select farmers. In the first stage, Meru and Nakuru 

counties were purposively selected being two of the leading potato-producing counties in Kenya. Within 

these two counties, locations (since 2010 referred to as wards) with high potato production were 

selected in consultation with the county extension officers. In particular, Kisima, Timau and Kibirichia 

locations were selected in Meru county, while Keringet and Molo locations were selected in Nakuru 

county. Second, we asked the ward extension officers to provide us with the list of potato farmer groups 

in their locations. From the lists we randomly selected target farmer groups; 39 groups were randomly 

selected from the locations in Meru county and 18 groups were randomly selected from the locations in 

Nakuru county. Therefore, a total of 57 potato farmer groups were selected. Third, we acquired the lists 

of the farmers in all the selected groups and applied a proportional random sampling procedure to select 

individual farmers to be interviewed.  

Given that we did not have the lists of non-group member farmers, we randomly interviewed non-group 

member farmers in the villages of group member farmers. To do this systematically, enumerators were 

asked that, after interviewing every second selected group member, to skip two households and 

interview the third household, only if the farmer was a non-group member. Although this may not yield a 

perfect random sample, this approach has previously been applied in an attempt to attain a more 

representative sample in the absence of a population list and with resource constraints (McCord et al., 

2015). In total, 792 potato farmers were interviewed comprising 500 group members and 292 non-

members. A structured questionnaire was used to collect data on a range of topics including farmer and 

farm characteristics, farmer EO, potato production and marketing activities. 

 

3.3.2 Empirical estimation strategy 

Based on the collected, data potato farmers are faced with a range of CSA practices to choose from in 

their attempts to adapt to climate change. Farmers may adopt a single practice or a combination of 

practices depending on the climate change effects on their farms and the available resources. The 

adoption decision can thus be modelled using either univariate or multivariate models. However, where 

adoption of more than one practice is possible, it is necessary to model the decisions using a multivariate 

technique to account for the interdependence among practices. We, therefore, use a multivariate probit 

(MVP) econometric technique which models the influence of a set of explanatory variables on the 

adoption of different CSA practices while allowing the error terms to freely correlate. Part of the 



Chapter 3

54 
 

correlation in the error terms accounts for the relation among CSA practices as being either 

complementary or substitutive (Belderbos et al., 2004). Failure to account for the interdependence 

among the practices may lead to inefficient and biased estimates (Green, 2008).  

The MVP model was formulated using six dummy variables representing the CSA practices applied by 

farmers (see below for more information on these practices). The MVP model is characterised by a set of 

binary dependent variables k that is equal to 1 if the 𝑖𝑖�� farmer adopts the CSA practice K1 and 0 

otherwise, such that:  

𝑌𝑌��∗ =  𝑋𝑋�𝛽𝛽� + 𝜀𝜀�,         k = 1, ......, 6.       (1) 

and 

𝑌𝑌� = � 1 𝑖𝑖𝑖𝑖𝑖𝑖𝑖��∗ > 0
0 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜     k = 1, ....., 6.       (2) 

where k denotes the available CSA practices. 

In equation (1), the assumption is that the 𝑖𝑖�� farmer has a latent variable 𝑌𝑌��∗  which captures the 

unobserved preference associated with the 𝑘𝑘�� choice of CSA practice. The latent variable 𝑌𝑌��∗  is assumed 

to be a linear combination of observed characteristics (𝑋𝑋�) – the farmer and farm characteristics, farmer 

EO, and institutional characteristics that affect the adoption of 𝑘𝑘�� CSA practice as well as the 

unobserved characteristics 𝜀𝜀�. The vector of parameters to be estimated is denoted by 𝛽𝛽�.  

If the adoption of a specific CSA practice is independent of a farmer adopting another CSA practice, then 

equations (1) and (2) specify a univariate probit model. However, if adopting multiple CSA practices is 

possible, then it is realistic to assume that the error terms in equation (1) jointly follow a multivariate 

normal distribution with zero conditional mean, a unit variance and symmetric covariance matrix Ω given 

by: 

Ω =
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        (3) 

𝜌𝜌 is the pairwise correlation coefficient between the error terms of any two adoption equations in the 

model. The sign and significance of 𝜌𝜌 provide evidence of the nature of the relationship between 

adoption equations. A positive sign denotes a complementary relationship while a negative sign 

indicates that the practices are substitutes. This model specification with non-zero off-diagonal elements 

 
1Irrigation; Change in Cultivation Calendar; Certified Seed; Crop Rotation; Soil Testing; Intercropping. 
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allows for correlation across the error terms in the latent equations and represents the unobserved 

characteristics that influence the choice of CSA practices. 

The MVP technique models the probability of adopting individual CSA practices with no distinction being 

made about the nature of practice combinations where it is possible. There is evidence that farmers 

adopt a combination of CSA practices depending on the intensity of resources required for adoption 

(Amadu et al., 2020). It is, therefore, necessary to understand the factors that lead to the adoption of a 

combination of CSA practices.  

Consequently, the second part of our econometrics approach involves the application of an additional 

MVP technique to model the effect of farmer EO on farmers’ adoption of different combinations of CSA 

practices. First, building on the typology of Amadu et al. (2020) we develop a categorisation of CSA 

practices based on the intensity of resources required for adoption. Following this, if the adoption of a 

specific CSA category is independent of a farmer adopting another CSA category, then this can be 

estimated through a univariate probit model. However, if adopting multiple CSA categories is possible, 

then it can be estimated through a multivariate probit approach. We estimate a MVP model given the 

possibility of farmers adopting different categories of CSA practices. The estimation follows the 

procedure described in equations 1 and 2 above. Finally, the unit variance and symmetric covariance 

matrix Ω for this estimation is given by: 

Ω = �
1 𝜌𝜌�� 𝜌𝜌��

𝜌𝜌�� 1 𝜌𝜌��
 𝜌𝜌��  𝜌𝜌�� 1

�                 (4) 

 

3.3.3 Descriptive statistics: Dependent and independent variables  

The descriptive statistics for the CSA practices as dependent variables and all the explanatory variables 

including the farmer EO are presented in Table 1. 

 

Dependent variables 
For the analysis, we consider six CSA practices that relate to potato production and are increasingly 

practised in the study areas in response to climate change. The CSA practices were identified from 

existing CSA literature and validated by the agriculture extension officers in the selected counties to 

ensure that practices apply to potato farming. The first practice is irrigation, which is increasingly being 

used by farmers in Kenya to curb the effects of drought and heat. In our study sites, traditional labour-

intensive furrow irrigation is commonly applied. While irrigated crops in Kenya are mostly high-value 

vegetables, the irrigation of potato fields is an emerging practice. Irrigation presents a risk to farmers 
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because there is no guaranteed market for potatoes. The second practice is changing the cultivation 

calendar. This implies altering cultivation activities such as planting time in an attempt to respond to 

climate variability (Gebrehiwot and van der Veen, 2013). Farmers were asked whether they had 

significantly changed their potato cultivation calendar in the last cropping year because of uncertain 

rainfall patterns; this measure was adapted from Gebrehiwot and van der Veen (2013) and Yegbemey et 

al. (2014). Changing the cultivation calendar is risky because decisions such as when to plant and what 

crop variety to grow depend on the knowledge of the farmer and his/her access to information. For 

potato farming, the cultivation calendar is important given the sensitivity to moisture stress (Lynch et al., 

1995).  

The third practice is the use of certified potato seed. Certified seeds are high-quality seeds with the 

potential for high yields, tolerant to heat stress and tolerant to pests and diseases (Parker et al., 2019). In 

Kenya, the use of certified potato seed is low due to high seed and transport costs and limited supply 

(Okello et al., 2016). In this study, we only considered the use of certified seed since it is not easy for 

farmers to tell whether the seed they buy from other farmers or local markets meets the standard 

requirements to be termed as “clean seed”. The certification process of clean seed in Kenya remains 

weak. The fourth practice is crop rotation, thus alternating between crops in successive seasons. Crop 

rotation helps minimise the build-up of crop-specific pests and pathogens such as potato cyst nematode 

(Barzman et al., 2015). Crop rotation for potato is a knowledge-intensive practice requiring access to 

agronomic information. In Kenya, a typical cropping year has two potato growing seasons (Gildemacher 

et al., 2009b). For crop rotation, it is a requirement that farmers should not plant potatoes in the same 

field in consecutive seasons. We asked farmers whether they planted potatoes in the same field in the 

last two seasons. The main crops grown in the study areas which farmers may use as rotation crops 

include maize, wheat, beans and cabbages. This measure was adapted from (Yaro et al., 2014). The fifth 

practice is soil testing for fertilizer recommendation. This practice is necessary to enable farmers to apply 

the right fertilizer type in their fields. It aims to reduce the carbon emissions caused by excess fertilizer 

application (Chen et al., 2013). Additionally, soil testing has been described as a gateway technology to 

the adoption of other agricultural technologies (Schimmelpfennig and Ebel, 2011). Soil testing is a 

finance-intensive practice as smallholder farmers do not have the necessary equipment to perform soil 

testing, hence they have to engage soil-testing companies. We asked farmers whether they had their soil 

tested in the last cropping year. This measure has been used previously (Liu et al., 2019). 

Intercropping is the last CSA practice considered in our analysis. It refers to the cultivation of one or 

more crops together with potato on the same plot. A typical example of intercropping is maize-legume 
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intercrop for the benefit of nitrogen-fixing (Kassie et al., 2013). Faced with climate change and limited 

land availability, smallholder potato farmers combine potato with other crops as a diversification 

strategy to meet their food and nutrition security and increase their income (Kidane et al., 2017). 

Intercropping is a labour-intensive practice. 

 
Independent variables 
We explored literature on technology adoption to select a set of variables that affect farmers’ 

technology adoption decisions. These include the generic variables such as farmer, farm and institutional 

characteristics as they have been used in previous adoption studies (Amadu et al., 2020; Kpadonou et al., 

2017; Trinh et al., 2018; Yegbemey et al., 2013). Besides, we included data on farmer entrepreneurship 

to elicit the farmer’s risk preferences, innovativeness and proactiveness (Etriya et al., 2019; Verhees et 

al., 2012).  

To test the effect of the farmer EO dimensions (risk-taking, innovativeness and proactiveness) on CSA 

adoption, we adapted the EO measures that have been used previously in (Buli, 2017; Lumpkin and Dess, 

2001) to our context. For each dimension, three questions were posed (See Table 1). The responses were 

recorded on a seven-point rating scale: 1 = completely disagree to 7 = completely agree. Detailed 

descriptions of the variables are shown in Table 1. 
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Table 1. Description of the variables 

Variable Description  Mean Std. dev 
Dependent variables    
Irrigation Applied the practice: 1= Yes; 0= No 0.31 0.46 
Change in cultivation 
calendar Applied the practice: 1= Yes; 0= No 0.42 0.49 

Certified seed Applied the practice: 1= Yes; 0= No 0.30 0.46 
Crop rotation Applied the practice: 1= Yes; 0= No 0.44 0.50 
Soil testing Applied the practice: 1= Yes; 0= No 0.22 0.41 
Intercropping Applied the practice: 1= Yes; 0= No 0.36 0.48 
Independent variables    
Farmer characteristics  
Sex Sex of the farmer: 1= Male; 0= Female 0.53 0.50 
Age Age of the farmer in years (Years) 49.55 12.67 
Household size Number of household members (Number) 4.63 1.93 
Education Years of formal education of the farmer (Years) 9.14 3.36 
Years growing potato Number of years growing potato (Years) 17.91 12.23 
Farmer entrepreneurial orientation statements (on a scale of 1= Completely disagree to 7=Completely agree) 
Risk-taking    
I prefer to stick to my current farming practices rather than trying new ones R  3.76  1.77 
With the current challenging farming environment, I prefer to avoid further investment in 
my farm R  3.86  2.50 

I am always ready to try new farming practices  4.83  1.64 
Innovativeness    
I like to use new farming practices  5.70 1.12 
I often improve my farming practices  5.33 1.07 
I like to have the latest information on farming practices  5.79 1.22 
Proactiveness    
I respond more quickly to changes in the environment of my farm compared to other 
farmers 4.00 1.47 

I am among the first farmers to adopt new farming practices in my village 4.18 1.47 
I am constantly looking out for new ways to improve my farm. 5.19 1.37 
Farm characteristics    
Land ownership Land ownership status: 1= Owned: 0= Otherwise 0.78 0.41 
Land size owned Total land owned by the farmer (Ha) 1.21 1.61 
Information and knowledge    
Access climate info. Farmer accessed climate information: 1= Yes; 0= No 0.31 0.46 
Credit  Received credit for farm operations: 1= Yes; 0= No 0.22 0.42 
Group membership  Is the farmer a member of potato farmer org: 1= Yes; 0= No 0.63 0.48 
Location    
County County of the farmer: 1=Meru; 0= Nakuru 0.59 0.49 

 Note: Std. dev refers to standard deviation.  
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3.3.4 Categorisation of CSA practices 

Adapting the CSA typology of Amadu et al. (2020), we develop a categorisation of CSA practices that 

conceptually links CSA practices with the main resource required (Table 2). The first category comprises 

practices that require additional unskilled labour. This category generally requires farmers to perform 

basic tasks, such as opening and closing furrows during irrigation. The second category contains practices 

that require the knowledge and skills of the farmer. Knowledge-smart practices (Aryal, Jat, et al., 2018) 

require knowledge on what crops to rotate with potato and how to change the cultivation calendar. The 

last category includes practices that mainly require financial capital. These are practices that farmers 

must pay for, such as certified seed and soil-testing services. 

While developing a typology is a step towards understanding the drivers and barriers of CSA adoption, 

we acknowledge its limitations, such as the difficulty to assign items to distinct categories (Collier et al., 

2012). We solve this by highlighting the most essential resource, that is, the resource that is required in 

high intensity and without which the practice cannot be adopted. This way of categorisation has recently 

been used to categorise CSA practices in Malawi (Amadu et al., 2020). This has led to a categorisation 

based on three types of indispensable resources: 1) unskilled labour, 2) skilled labour, and 3) finance 

Table 2. Typology of CSA practices based on the main resource requirement  

 

3.3.5 Principal component analysis 

To reduce the farmer EO statements to a small number of variables, principal component analysis (PCA) 

was conducted. PCA is a linear transformation that reduces a set of variables into a smaller number of 

variables referred to as principal components. In PCA each successive principal component accounts as 

much as possible to the remaining variability in the data (Linnenluecke et al., 2013). Dimension reduction 

using PCA has been used in previous studies on understanding farmer entrepreneurial orientation (Etriya 

et al., 2019), farmer social capital (Zhou et al., 2018), consumer food attitudes (Bechtold and Abdulai, 

2014) and level of household capabilities (Kihiu, 2016). 

 
                     CSA practice 

CSA category 
Unskilled labour Skilled labour Finance 

1 Irrigation √   
2 Change cultivation calendar  √  
3 Certified seed   √ 
4 Crop rotation  √  
5 Soil testing   √ 
6 Intercropping √   
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In this study, PCA was used to extract the underlying factors of farmer EO which consist of nine items. 

The identified factors were then used as explanatory variables in the empirical models. The PCA results 

of the nine farmer EO statements indicated that three components should be retained. We retained 

components with eigenvalues greater than 1 and applied varimax rotation to determine the category of 

items (Kaiser, 1958). Component 1 accounts for statements that relate to farmer innovativeness, 

component 2 includes statements that relate to farmer proactiveness, and component 3 are statements 

that relate to farmer risk-taking behaviour. 

To assess the adequacy of the components extracted, we rely on statistical tests summarised in Table 3. 

The Cronbach alphas are 0.865, 0.819 and 0.719 for innovativeness, proactiveness and risk-taking 

components, respectively. All the values of Cronbach alphas are greater than 0.6, indicating a high 

degree of internal consistency. The Kaiser-Meyer-Olkin (KMO) shows the extent of correlation between 

the statements measuring each component. The KMO of 0.706 is considered satisfactory. The Bartlett 

test for Sphericity assesses whether the correlation matrix of the statements differs significantly from 

the identity matrix. For the PCA to be appropriate the aim is to reject the null hypothesis that the 

correlation matrix is the identity matrix. As shown in Table 3, the Bartlett Test is significant (p < 0.000) 

indicating a correlation between statements measuring farmer EO. 

Using the extracted components, three dependent variables (innovativeness, proactiveness and risk-

taking) were constructed for each household (the procedure is detailed in (Córdova, 2009).  

 

Table 3. Principal component analysis for the farmer EO 

See the appendix Table A1 for the PCA component loadings for each item 

 

3.4 Results and discussion 

Table 1 shows the descriptive statistics of both the dependent and independent variables. The CSA 

adoption levels fall below 45% for all the practices (Table 1). This is consistent with previous studies, 

which have found that CSA adoption remains low in developing countries (Lipper et al., 2014). 

 

 
Principal component  

% of variance 
explained 

Cronbach alpha Principal component statistics 

Component 1: Innovativeness  34.93 0.865 KMO = 0.703 
Bartlett Test for Sphericity:  
p < 0.000 

Component 2: Proactiveness 23.93 0.819 
Component 3: Risk-taking 17.67 0.833 
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3.4.1. Adoption of multiple CSA practices: MVP model results 

The MVP model estimates for the adoption of CSA practices are reported in Table 4. The Wald test 

statistic tests the null hypothesis that the regression coefficients in each equation are jointly equal to 

zero. The results, χ (90) = 735.33; p > χ  0.000 indicate that the error terms across the adoption 

equations are correlated, and thus the null hypothesis is rejected. This is further supported by the 

significant likelihood ratio test which reports the significant pairwise correlation coefficient between 

error terms (Appendix Table A2). The consistency between the Wald test and the likelihood ratio test 

signifies the robustness of the results. The MVP model is therefore an appropriate estimator to predict 

adoption decisions. Further results unravel the interdependence between CSA practices. The results (see 

Appendix Table A2) show that on the one hand, certified seed and irrigation, soil testing and irrigation, 

changing cultivation calendar and crop rotation, changing cultivation calendar and soil testing, and soil 

testing and certified seed are used as complementary practices. On the other hand, intercropping and 

irrigation, and intercropping and certified seed are substitutes. 

Table 4 shows the distinct effects of farmer EO dimensions on the adoption of CSA practices. Consistent 

with previous studies (Huang et al., 2014; Isik and Khanna, 2003; Zeweld et al., 2020), our results 

demonstrate that risk-taking positively drives the decision to adopt all practices except intercropping. 

In our study areas, irrigation is largely applied to grow high-value vegetables such as cabbage, French 

beans, kale, carrot and garden peas. Irrigating field crops like potato is a new practice, involving two 

types of risks. First, potato requires more labour as it is often grown in large plots of land compared to 

high-value vegetables. Second, higher production due to irrigation brings forth a high market risk 

because the market is not guaranteed. This implies that risk-taking farmers are more likely to take the 

risk of applying irrigation in potato fields. 

Like any other practice, changing the cultivation calendar is a risky strategy particularly when weather 

information is unavailable or unreliable. For instance, if a potato farmer changes the cultivation calendar 

and the onset of rains does not match with the planting dates, that farmer is likely to incur both yield 

and tuber quality loss. On the other hand, where a farmer can plant just before the rains start, holding 

other factors constant, the benefits of yield and tuber quality are assured. This may explain the positive 

relation between risk-taking and the changing cultivation calendar. Farmers that are willing to take risks 

are more likely to change the cultivation calendar. This is consistent with the findings of Yegbemey et al. 

(2014) who found that farmers in Benin adjusted their cultivation calendars even with limited access to 

advisory services and with no insurance.  
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 for the adoption of individual CSA practices 

(1) (2) (3) (4) (5) (6) 
 
 

Variable 
Irrigation 

Change in cultivation 
calendar Certified seed Crop rotation Soil testing Intercropping 

Coef 
Robust 
Std. Err Coef 

Robust 
Std. Err Coef 

Robust 
Std. Err  Coef 

Robust 
Std. Err Coef 

Robust 
Std. Err Coef 

0.468*** 0.104 0.141 0.098 0.371*** 0.104 0.198** 0.096 0.237**

-0.000 0.000 -0.000 0.000 -0.000 0.000 -0.000* 0.000 0.000 0.00
-0.043 0.030 -0.024 0.026 -0.002 0.027 0.005 0.025 -0.009 0.032
0.014 0.017 0.026* 0.015 0.036** 0.017 0.008 0.015 0.041** 0.01
0.009 0.006 0.006 0.006 0.008 0.006 0.004 0.005 0.012** 0.006 -
0.092** 0.039 0.215*** 0.042 0.103*** 0.039 0.111*** 0.035 0.11
-0.055 0.039 0.025 0.036 -0.070** 0.039 0.029 0.035 -0.066 0.04
0.086** 0.039 0.068* 0.036 0.083** 0.039 0.014 0.035 -0.059 0.0
0.454*** 0.130 0.051 0.117 0.229* 0.129 0.230** 0.116 0.241* 0.
-0.016 0.033 0.007 0.030 0.055 0.038 0.075 0.048 0.116** 0.054 
-0.038 0.110 0.487*** 0.105 0.373*** 0.109 0.194* 0.102 0.435**
0.117 0.121 0.195* 0.116 0.303** 0.120 -0.008 0.116 0.357*** 0.
0.110 0.121 0.235** 0.115 0.353*** 0.125 0.331*** 0.112 0.337**
0.944*** 0.120 -0.057 0.104 0.460*** 0.114 0.068 0.103 0

2 (90) 735.33***           
792            
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The use of certified seed and testing the soil represent two practices that require additional finance. 

Specifically, certified seed forms the largest proportion of potato production costs (Okello et al., 2016). 

The risk associated with the investment in certified potato seed and testing the soil is higher in the face 

of adverse climatic change. The farmer may not be able to recover the investment costs, and the risk is 

even higher when seeds are purchased on credit. This explains our results that risk-taking farmers are 

more likely to adopt certified seed and soil testing practices. This is consistent with the findings of Kassie 

et al. (2013), who reported that risk-taking farmers are more likely to invest in improved seed varieties in 

Tanzania.  

Crop rotation requires knowledge about which crop to rotate with potato, and in which rotation cycles. 

Crop rotation is associated with higher yields, improved soil fertility and reduced pest and disease 

incidence. Apart from the knowledge requirements, crop rotation is constrained by small land sizes, a 

characteristic of the majority of smallholder farmers. Crop rotation prescribes that potatoes can only be 

grown on a piece of land once every three seasons, therefore, a farmer can only grow potatoes on one-

third of her land. This perhaps explains the positive relationship between risk-taking and the decision to 

apply crop rotation. Risk-taking farmers are willing to forego the short-term benefits of continuing 

potato farming without rotation for long-term benefits of high yields which result from appropriate crop 

rotation. In a recent study, Boyabatlı et al. (2019), demonstrate that while crop rotation planning is 

beneficial in the long run, the risk of short term revenue losses is inevitable. They argue that the losses 

may be minimised by efficient rotation planning which takes into account market dynamics and crops 

used in the rotation. This argument is consistent with Muriithi et al. (2018) who found that farmers with 

small farm sizes are less likely to apply crop rotation. We found that with small farm sizes, farmers 

practice limited crop rotation and mainly produce staple food crops. The limited crop rotation result 

from the inability of land constrained farmers (given the small farm sizes) to reduce the area under 

staple food crops in order to practice crop rotation. Attempts to reduce the area under staple food crops 

for rotation purposes puts the household food security at risk. 

Contrary to our hypothesis that more innovative farmers are more likely to adopt CSA practices, we find 

a negative relation between farmer innovativeness and the use of certified seed. One possible 

explanation is that because of the high cost and limited availability certified potato seed, innovative 

farmers invest in learning and experimenting with on-farm potato seed technologies such as positive 

selection. Positive selection is a farm-level potato seed multiplication technique carried out by farmers in 

two steps (a) identifying and marking the best potato plants in the field, and (b) harvesting the marked 

plants and storing the tubers separately as seeds for the next season. This is a knowledge-intensive 
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practice that requires farmers to be trained. If correctly applied, the yield increase in potato can be more 

than 100% compared to the common practice of recycling potato seed (Gildemacher et al., 2012).  

Finally, we find that farmer proactiveness is positively related to the use of irrigation, changing the 

cultivation calendar and use of certified seed, however, it is negatively related to the adoption of 

intercropping in potato growing. As proactiveness is the tendency to be a first-mover in attempts to 

respond to needs and take advantage of opportunities, proactive farmers are more likely to be the first 

to irrigate potato fields, change the cultivation calendar of their farms and use certified seeds (especially 

for crops such as potato where the majority of the farmers still use recycled seed). Our results 

corroborate the findings of Hansen (2015) who found that proactive behaviour is necessary for farmers 

to adapt technologies to their specific farm needs. In the Netherlands and Slovenia, Verhees et al. (2011) 

found that farmer proactiveness is the most influential EO dimension for farm performance.  

Conversely, we find a negative effect of farmer proactiveness on the decision to intercrop potato with 

other crops. Existing literature identifies two main reasons for intercropping (Snapp et al., 2010), these 

are; a) to ensure that they have a variety of crops for household food security needs, and b) to spread 

risk (such that when one crop fails because of insufficient rainfall, another crop may survive). While 

intercropping may be viewed as a beneficial practice, it may not apply to all crops. Some crops are 

recommended to be grown in monocropping systems to increase yields and for efficient application of 

other cultivation practices. We found that more proactive potato farmers do not practice intercropping, 

this is because they are market-oriented in their production decisions. This market orientation of more 

proactive farmers is further shown by the positive relation between proactiveness and practices such as 

the use of certified seed and the application of irrigation. On the other hand, less proactive farmers are 

more concerned with household food security than producing for the market, therefore, they intercrop 

their potatoes with other crops to increase household food diversity. 

In addition to the effect of farmer EO dimensions on the adoption of CSA practices, we also discuss the 

effect of other control variables. First, beyond farmer EO, the gender of the farmer plays an important 

role in adoption decisions. Often in sub-Saharan Africa, women farmers are constrained in accessing 

productive resources and this explains why the adoption of farm innovations is lower for women farmers 

compared to that of their counterpart men (Kpadonou et al., 2017). Our findings corroborate this 

argument. We find male farmers to be more likely to adopt irrigation, certified seed, crop rotation and 

soil testing. On the contrary, women are more likely to practice intercropping. Women in Sub-Saharan 

Africa mainly rely on own food production for their household food and nutrition security (Teklewold et 

al., 2019).  
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Second, education is positively associated with the adoption of certified seed and soil testing, practices 

that require financial investment on the part of the farmer. Plausibly, more educated farmers are more 

informed about farm innovations, have more sources of income and thus less financial constraints to 

invest in financial-intensive innovations. This aligns with the findings of Wainaina et al. (2016) who found 

that more educated Kenyan smallholders are more likely to adopt improved maize seeds and fertilizer is 

given their knowledge and additional income sources. Third, as expected, we find that access to credit is 

positively associated with the adoption of financial-intensive practices these are certified seed and soil 

testing. This is in line with previous studies (Ojo and Baiyegunhi, 2020). It implies that financially 

constrained farmers may overcome this constraint by accessing credit services.  

Fourth, land size is positively associated with the adoption of soil testing but negatively associated with 

intercropping. For instance, farmers with larger land sizes would be willing to invest in soil testing given 

their scale advantage. The finding of a positive relationship between land size and adoption decisions is 

consistent with previous findings (Kpadonou et al., 2017). The inverse relationship between land size and 

intercropping suggests that small land size induces diversification (intercropping) particularly to meet 

household food needs. This is consistent with recent findings by Teklewold et al. (2019). 

Fifth, in terms of membership in farmer organisations, we find a positive and significant relationship with 

changing the cultivation calendar, certified seed, crop rotation and soil testing. Membership in farmer 

organisations indicates how farmers are socially connected and their ability to access information and 

other services such as credit and market. Access to such services through membership in farmer 

organisations increase the farmers’ adaptive capacity and thus, the probability of adoption of CSA 

practices. This is consistent with the findings of Ojo and Baiyegunhi (2020) and Kassie et al. (2013), who 

found a positive and significant relationship between adoption of agrochemical and varying planting and 

harvesting dates in Nigeria, and chemical fertilizer in Tanzania, respectively. 

 

3.4.2. Adoption of the categories of CSA practices: Multivariate probit model results 

We have categorised CSA practices into three groups reflecting the intensity of resource requirement 

(Table 2): unskilled labour, skilled labour and financial resources. Table 5 gives the multivariate probit 

model estimates predicting the effect of farmer EO dimensions on the decision to adopt the various 

categories of CSA practices. 
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Table 5. Multivariate probit model estimates for the categories of CSA practices  

  
Variable 

Unskilled labour-intensive 
CSA practices 

Skilled labour-intensive 
CSA practices  

Finance-intensive CSA 
practices  

Coef Robust 
Std. Err Coef Robust 

Std. Err Coef Robust 
Std. Err 

Sex -0.019 0.100 0.171* 0.100 0.335*** 0.100 
Age 0.019 0.026 0.026 0.026 -0.012 0.026 
Age squared -0.000 0.000 -0.000 0.000 0.000 0.000 
Household size -0.019 0.026 -0.007 0.026 -0.007 0.027 
Education 0.003 0.016 0.030* 0.015 0.039** 0.016 
Years growing potato -0.003 0.006 0.006 0.005 0.011** 0.006 
Risk-taking 0.048 0.034 0.219*** 0.037 0.114*** 0.036 
Innovativeness -0.048 0.036 0.047 0.036 -0.071* 0.038 
Proactiveness -0.203*** 0.039 0.024 0.036 0.064* 0.037 
Land ownership 0.470*** 0.116 0.269** 0.119 0.299** 0.124 
Total land size -0.069* 0.036 0.003 0.038 0.092 0.057 
Access climate info -0.012 0.109 0.425*** 0.111 0.443*** 0.106 
Credit  0.143 0.119 0.093 0.124 0.441*** 0.117 
Group membership -0.304*** 0.116 0.458*** 0.114 0.353*** 0.116 
County 0.974*** 0.109 -0.060 0.105 0.352*** 0.109 
Wald chi2 (45) 496.84***      
Observations 792      

*** p<0.01, ** p<0.05, * p<0.1 
 

The MVP results in Table 5 show that, first, risk-taking is positively associated with the adoption of 

practices that require a high intensity of skilled labour and financial resources. In other words, the 

probability of adopting practices that require skilled labour and financial resources is higher for farmers 

that are more risk-taking compared to risk-averse farmers. These resources require farmers to invest in 

assets that may not be within the farm, for instance, in searching for production knowledge or finance 

that is often sought from financial institutions. This finding is in line with Kassie et al. (2013), who found 

that risk-taking farmers in rural Tanzania were more likely to adopt practices that require financial 

resources.  

Second, our results show that innovativeness is negatively associated with the adoption of practices that 

require a high intensity of financial resources. As farmers become more innovative, they pursue 

innovative ways to minimize financial investment, hence more innovative farmers are less likely to adopt 

finance-intensive CSA practices. This is in line with past evidence of Bowman and Zilberman (2013) that 

innovativeness allows farmers to pursue activities that reduce financial and physical risks and labour 

requirements while increasing income. Therefore, innovative potato farmers in Kenya are expected to 

reduce the adoption of finance-intensive CSA practices as they replace them with less finance-intensive 

practices. Furthermore, results show that, though not significant, innovativeness and adoption of skilled 

labour-intensive CSA practices are positively correlated (Table 5).  
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Third, we find that farmer proactiveness is negatively associated with the adoption of unskilled labour-

intensive CSA practices but positively associated with the adoption of finance-intensive CSA practices. In 

other words, more proactive farmers are less likely to adopt practices that predominantly require 

unskilled labour and more likely to adopt practices that predominantly require financial investment. This 

might mean that proactive farmers constantly look for ways to improve their farms by continuously 

seeking agricultural information and training, thus providing them with knowledge and skills sufficient to 

invest in finance-intensive practices and avoid unskilled labour-intensive practices. 

 

3.5 Conclusion and implications  

As climate change is a challenge to food security and livelihoods worldwide, recent academic discussions 

on how farmers can adapt to climate change have focused on the adoption of CSA practices. In this 

paper, we aimed to contribute to explaining when and why the adoption of CSA practices occurs, by 

analysing farmer entrepreneurship, and more specifically by three dimensions of farmer EO 

(innovativeness, proactiveness and risk-taking) as the hypothesised drivers. 

Our empirical results first revealed that farmers adopt multiple CSA practices simultaneously and in 

combinations as either complements or substitutes. Specifically, certified seed and irrigation, soil testing 

and irrigation changing cultivation calendar and crop rotation, changing cultivation calendar and soil 

testing, and soil testing and certified seed are complementary practices. Vice versa, intercropping and 

irrigation, and intercropping and certified seed are substitutes. Furthermore, the results provide 

empirical evidence for the role of farmer EO dimensions in the adoption of CSA practices. We show that 

the EO dimensions have a variety of effects. First, risk-taking increases the likelihood of adopting all the 

practices except intercropping, which show a non-significant effect. Second, innovativeness reduces the 

likelihood of adopting certified seed. Third, proactiveness positively influences the adoption of irrigation, 

changing cultivation calendar and certified seed, but has a negative effect on the adoption of 

intercropping. When the categories of CSA practices are considered, risk-taking has a positive effect on 

the adoption of skilled labour-intensive and finance-intensive CSA practices; innovativeness has a 

negative effect on the adoption of finance-intensive CSA practices; lastly, proactiveness has a positive 

effect on the adoption of finance-intensive CSA practices and a negative effect on the adoption of 

unskilled labour-intensive CSA practices. In relation to previous studies that have focused only on the 

farmer risk preferences, we show that while risk-taking behaviour is important, risk-taking alone is not 

sufficient in explaining farmers adoption decisions. Taking an EO perspective that accounts for risk-

taking, innovativeness and proactiveness provide a deeper understanding of the adoption decisions.   
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This paper contributes to the literature on innovation adoption at the farm level. First, it unravels the 

effect of farmer EO on the adoption of CSA practices, the diverse effects of farmer EO on CSA adoption 

contribute to the ongoing debate around theorising and measuring EO either as a unidimensional or a 

multidimensional concept (Covin and Wales, 2012). We show that measuring EO as a multidimensional 

rather than a unidimensional concept reveals important cognitive traits of smallholder farmers that 

matter for their decision-making on CSA practices. At the same time, this is a step away from studies that 

focus only on generic factors such as farm characteristics, farmer characteristics and institutional 

constraints (Kpadonou et al., 2017; Teklewold et al., 2019). Second, it develops a categorisation of CSA 

practices based on the intensity of resource needs, thus overcoming the limitation of assuming that 

adopting more practices is better than fewer practices (Muriithi et al., 2018; Teklewold et al., 2013). 

Understanding how farmer entrepreneurship and resource needs affect the adoption of CSA practices 

lays a solid foundation for the design and implementation of more tailored policies and intervention 

programmes. 

These findings lead to the following two recommendations for agricultural development practitioners 

and policy-makers. First, given the low rate of CSA adoption in potato farming, we suggest that 

entrepreneurship programmes in potato farming deserve policy attention as part of national and county 

government strategies for adaptation and resilience to climate change. In Kenya, potato is the second 

most important crop after maize contributing to household food and livelihood security (Muthoni and 

Nyamongo, 2009), and as such, potato production needs to increase even in the face of climate change. 

Additionally, focusing on CSA practices in potato farming is important as potato crop is more vulnerable 

to climate change as compared to other field crops (Lynch et al., 1995). Thus, investing in the diffusion 

and adoption of CSA practices in potato farming is crucial. To accomplish so, our findings suggest that 

agricultural extension departments, development agencies and policy-makers need to integrate 

agronomic and entrepreneurship (i.e., social and business-oriented) knowledge in their training services 

for farmers. These services involving entrepreneurship knowledge provision might require important 

public (and perhaps private) investments, as – generally in Sub-Saharan Africa – farmers currently 

receive agronomic training with limited entrepreneurship training. Finally, along with training, policy-

makers would need to develop and implement agricultural policies that support farmer 

entrepreneurship, for example, by facilitating market transactions and by creating a business climate 

conducive for farmers to innovate and take calculated risks. Such policy support can, for example, 

facilitate access to other support services such as credit, and encourage the formation and participation 
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in farmer organisations which may provide diverse services such as credit, marketing and advisory 

services to smallholder farmers (Poulton et al., 2010). 

Second, our findings suggest that entrepreneurship training and education programmes dedicated to 

farmers must be tailored to influence the three dimensions of EO that we analysed: risk-taking, 

innovativeness and proactiveness. This means that to translate each of these three farmer EO 

dimensions into the adoption of appropriate CSA practices, access to specific support services is 

necessary. For instance, to stimulate the adoption of finance-intensive CSA practices, tailored training on 

risk management in relation to CSA adoption will be crucial, along with providing accessible and 

affordable credit facilities. While training on risk management in the CSA adoption enhances farmers’ 

risk-taking behaviour, it is important to note that in general, the degree of risk-taking, innovative and 

proactive behaviours are not the same for all farmers. Thus, farmer training on entrepreneurship for 

climate adaptation should not be designed as a one-size-fits-all activity. Instead, tailored and incremental 

training that fits farmers’ EO dimensions and their resources at hand would be more effective for the 

adoption of appropriate CSA practices. For example, training to farmers with low risk-taking behaviour 

may focus on CSA practices that bear low risks and require lower financial investments, while training to 

those with higher risk-taking behaviour may focus on how to take calculated risks while investing in 

financial-intensive practices. One approach to deliver such tailored and incremental training to different 

sets of farmers might be through a farmer field schools approach that encourages experiential learning 

activities and group experiments designed for different groups of farmers (Chandra et al., 2017). This 

enables farmers to acquire the specific dimensions of EO that they need for adopting CSA practices 

together with the resources that they might need. 

Our study is limited by two issues. First, the geographical coverage, as the study was conducted in two 

potato producing counties in Kenya, Meru and Nakuru. Future research to understand the effect of 

farmer entrepreneurship on the adoption of farm innovations would benefit from studying farmers in 

different agroecological zones with different climate, soil conditions and producing different crops to 

strengthen the generalizability of results. Second, the study used cross-sectional data, thus collected at 

one point in time. Future research needs to consider collecting panel data that will allow studying the 

farmers’ evolution of the EO dimensions over time to better understand the entrepreneurial process and 

the effectiveness of interventions meant to improve farmer entrepreneurship. Furthermore, it may be 

relevant for future research to study the impact of the adoption of CSA practices on potato yield, income 

and household food and nutrition security. This is important because promoting the adoption of CSA 
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practices with established benefits may trigger an increase in adoption. It also offers more information to 

practitioners on resource needs they should focus on in the design of development interventions. 

 

Appendix  

Table A1. Principal component loadings for farmer EO 

Item 
Component 1 
(Innovativeness) 

Component 2 
(Proactiveness) 

Component 3 
(Risk-taking) 

I prefer to stick with my current farming practices rather than trying 
new ones R   0.622 
With the current challenging farming environment, I prefer to avoid 
further investment in my farm R   0.616 
I am always ready to try new farming practices   0.481 
Cronbach’s alpha   0.833 
I like to use new farming practices  0.588   
I often improve my farming practices  0.577   
I like to have the latest information on farming practices  0.549   
Cronbach’s alpha 0.865   
I respond more quickly to changes in the environment of my farm 
compared to other farmers  0.638  
I am among the first farmers to adopt new farming practices in my 
village  0.615  
I am constantly looking out for new ways to improve my farm. 0.461 
Cronbach’s alpha  0.819  

R the item was reversed before analysis 

 
Figure A1. Scree plot showing the number of components retained after PCA  
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Table A2. Correlation coefficients of error terms after the MVP model estimation for individual practices 

CSA practices  Irrigation Change cultivation 
calendar 

Certified 
seed 

Crop 
rotation 

Soil 
testing Intercropping 

Irrigation 1.000       

Change cultivation 
calendar 

-0.051 
(0.060) 1.000 

 

 

   

Certified seed 0.122** 
(0.061) 

-0.047 
(0.064) 1.000 

    

Crop rotation -0.033 
(0.058) 

0.246*** 
(0.054) 

-0.068 
(0.058) 1.000 

   

Soil testing 0.118* 
(0.069) 

0.163** 
(0.065) 

0.198*** 
(0.066) 

0.041 
(0.064) 1.000   

Intercropping -0.175*** 
(0.062) 

0.061 
(0.061) 

-0.126* 
(0.070) 

0.012 
(0.061) 

0.037 
(0.074) 1.000 

Likelihood ratio test χ (15) = 49.72; p> χ  0.000 

*** p<0.01, ** p<0.05, * p<0.1 
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Chapter 4 
 

Farmer organizations and climate change adaptation: the effects of membership 
and access to services 

 
 
Abstract 

Adaptive capacity is an important determinant of climate change adaptation, yet the level of farmers’ 

adaptive capacity in developing countries remain low. Farmer organisations (FOs) might provide 

potential pathways to strengthen farmer adaptive capacity. We analyse the role of three services, which 

FOs may provide to enhance the ability of farmers to adapt to climate change: access to credit, extension 

and output markets. Using survey data from smallholder potato farmers in Kenya, we assess if and when 

these FO services enhance farmers’ adaptive capacity to adopt climate-smart agriculture (CSA) practices. 

To estimate the impact of membership and access to FO services on CSA adoption, we employ a doubly 

robust inverse probability weighted regression adjustment approach with conditional analysis to account 

for the heterogeneity in membership and access to the different services. We test the robustness of our 

results using propensity score matching, inverse probability weighting and regression adjustment 

estimation strategies. We find that FO membership combined with access to FO services increases CSA 

adoption. Market access has the largest effect on CSA adoption; yet, the conditional analysis reveals that 

farmers’ access to extension acts as a catalyst for access to market and credit. Our findings suggest that, 

in a resource-constrained context, FOs strengthen farmers’ adaptive capacity if they provide essential 

services that are prerequisites for investment in climate change adaptation. Importantly, if FOs do not 

offer extension, market or credit access equally among their members, they may risk increasing climate 

change adaptation inequality among farmers. Therefore, policies and development interventions should 

not only target the formation of FOs but also support FOs to provide the services that enable farmers to 

adapt to climate change.   

 
Keywords: Farmer organizations, Climate-smart agriculture, Adaptive capacity, Climate change 
adaptation, Potato, Kenya 
 
This paper is based on an article submitted to a journal as: 
Kangogo, D., Bijman, J., Dentoni, D. & Cecchi, F. Farmer organizations and climate change adaptation: the 
effects of membership and access to services 
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4.1 Introduction  

In sub-Saharan Africa, as in other parts of the world, climate change continues to be one of the major 

challenges facing agriculture and development. In Kenya, for instance, periodic floods, droughts and 

unpredictable rainfall patterns are the main climate challenges facing farmers. These challenges threaten 

household livelihoods and food security, particularly due to the farmer’s limited adaptive capacity 

(Muller et al., 2011). Farmers’ adaptive capacity consists of the preconditions necessary to enable 

farmers to learn, anticipate and respond flexibly to environmental and socioeconomic changes, and take 

advantage of the opportunities that may arise (Grothmann and Patt, 2005; Smit and Wandel, 2006). 

Strengthening farmers’ adaptive capacity is a precondition for effective climate change adaptation 

(Burke and Emerick, 2016; Eakin and Lemos, 2010). However, limited attention has been paid to 

understanding how farmers’ capacity to adapt to climate change can be strengthened (Eakin and Lemos, 

2006; Fernández-Giménez et al., 2015; Wang et al., 2013).  

Cinner et al. (2018) identify five domains that strengthen adaptive capacity: the assets that can be drawn 

upon in times of need; the flexibility to change strategies; the ability to organise and act collectively; 

learning to recognise and respond to change; and the agency to determine when and whether to change. 

Recent studies, for instance, Lim et al. (2021) and Williams et al. (2019) showed that enhancing farmers’ 

adaptive capacity is dependent on access to financial resources, climate and production knowledge, 

market and institutional support. In this paper, we study farmers’ self-organisation in the form of farmer 

organisations as mechanisms that support smallholder access to resources necessary for climate change 

adaptation. Farmer organisations (henceforth FOs) are examples of local institutions of collective action 

(Ostrom, 1990) in which farmers jointly access production resources and services. They include a variety 

of membership organisations such as cooperatives, farmer self-help groups, farmer-owned companies, 

and farmer unions (Uphoff and Buck, 2006). 

 The role of FOs and their impact on smallholder farmers is well established in the agricultural 

development literature. FOs facilitate access to production inputs and services (Mutonyi, 2019; Ragasa 

and Golan, 2014), provide access to markets (Fischer and Qaim, 2012a; Markelova and Mwangi, 2010) 

and promote the adoption of new farm technologies (Abebaw and Haile, 2013; Ainembabazi et al., 

2017). Studies on FOs and smallholder climate change adaptation are still limited (Agrawal, 2008; Araral, 

2013), yet growing evidence suggests that FOs play an important role in adaptation (Chandra et al., 2017; 

Di Falco and Bulte, 2013; Di Falco et al., 2019; Di Falco et al., 2011; Eakin, 2005; Washington-Ottombre 

and Pijanowski, 2012). 
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To address climate change, farmers may adopt climate-smart agriculture (henceforth CSA), an approach 

that – at least in principle - aims to simultaneously increase agricultural productivity, food security and 

climate change adaptation (FAO, 2013). Yet, several challenges explain low CSA adoption and thus 

question CSA as a viable strategy for climate change adaptation in sub-Saharan Africa (Amadu et al., 

2020; Campbell et al., 2014). First, the smallholder nature of African farming systems limits the 

widespread adoption of CSA practices. The smallholder nature implies that farmers face high transaction 

costs in accessing inputs and services as well as imperfect markets for their produce (Poulton et al., 

2010). High transaction costs have negative effects on CSA adoption (Araral, 2013). Second, smallholder 

farmers face high risks in accessing markets for their produce, risks associated with access to and cost of 

credit, and risks associated with insufficient knowledge and skills. These risks further complicate the 

ability of farmers to change their farming practices. Third, the adoption of CSA is both labour and 

knowledge-intensive and it requires financial investment and institutional support (Lipper et al., 2014); 

however, individually, smallholder farmers are limited in the access to such necessary support. 

In light of the smallholders' limitations, FOs might support climate change adaptation by providing 

farmers with access to essential resources and services (Khanal et al., 2017; Yaro et al., 2014). While so 

far only a few studies have explored the role of FOs in improving smallholders’ adaptive capacity 

(Malakar, 2012), FOs may support climate adaptation by exposing their member-farmers to new 

practices that bolster context-specific knowledge (Armitage, 2005; Eakin, 2005; Fernández-Giménez et 

al., 2015). For farmers to benefit from the support of the FO, they need to be members, they need to 

have access to the services offered by the FO (Bernard and Spielman, 2009), and they need to use the 

services. Existing evidence indicates that there are inequalities in access to FO services; these inequalities 

may be due to the farm’s geographical location, gender of the farmer, and resources available to the 

household (Bizikova et al., 2020). These inequalities have ripple effects that may contribute to widening 

the climate change adaptation inequality gap (Eriksen et al., 2021). 

Against this background, this paper seeks to make three contributions. First, we contribute to the scant 

literature on the impact of FOs on climate change adaptation at the farm level. Previous studies on the 

impact of FOs are largely mechanistic in treating the FO; they assume that membership alone results in 

the observed impact. This assumption does not provide insights into the mechanisms through which the 

impact emerges. Indeed, little effort has been devoted to understanding how and when FOs influence 

the adoption of farm technologies (Abate, 2018). Second, in an attempt to answer the questions of how 

and when FOs influence the adoption of farm technologies, we focus on the services that FOs provide to 

improve the capacity of farmers to adapt their farming practices to climate change. Specifically, we study 
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the impact of access to and use of extension, credit and market services2 on CSA adoption. In other 

words, we proxy adaptive capacity by farmers’ access to extension, credit and market services. Existing 

literature has neither paid much attention to the impact of access to the different services nor to their 

synergy effects (Makate et al., 2019). Third, this study employs the doubly robust inverse probability 

weighted regression adjustment (IPWRA) estimation method with conditional analysis to unravel the role 

of membership and access to FO services on the CSA adoption, and matching techniques to control for 

selection bias that may arise in estimating the impact of FO membership and access to FO services. 

We exploit household survey data from smallholder potato farmers in Kenya to understand how 

membership and access to FO services affect CSA adoption. Potato farming provides an interesting case. 

First, in Kenya, potato is the second most important crop after maize, contributing to household food 

security and income, and its production is dominated by smallholder farmers (Okello, Lagerkvist, et al., 

2018). Second, potato is highly vulnerable to climate change so farmers need to adapt their production 

practices (Parker et al., 2019).  

The findings from this study have important implications for policy and research. First, if FOs have a 

positive impact on CSA adoption through the provision of or facilitating access to services, then there is a 

reason for policies that encourage the formation of FOs and support them to provide these services to 

members. Second, the distinct impact of access to various FO services on CSA adoption implies that in 

evaluating FOs, membership is a necessary but not a sufficient condition. Analysis of the impact of access 

to FO services can inform development practitioners on the support that FOs require to provide the 

services to their members. 

The paper is structured as follows. In section 2 we briefly situate the study within the existing adaptation 

and FO literature. In section 3 we explain the methodology, including the analytical framework, data and 

estimation strategies. In section 4 we present the results and discuss the main findings. Finally, in section 

5 we conclude the study with the implications of our findings. 

  

 
2 Use of the term access to credit, access to extension and market access imply that the farmer accessed and actually made use 
of the service(s). 
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4.2 Climate change adaptation, farmers’ adaptive capacity and farmer organisations 

Two strands of development literature on FOs and climate change adaptation have developed 

separately, yet are complementary. Adaptation refers to strategies – including practices, activities and 

decisions – that enable individuals, groups and systems to prevail in the face of change (Agrawal, 2010). 

At the core of this literature is the adaptive capacity, defined as the actor’s or system’s ability to 

experiment, learn and respond flexibly to socio-ecological changes (Grothmann and Patt, 2005; Smit and 

Wandel, 2006). Adaptive capacity is dynamic as it continuously co-evolves with the institutions and the 

individual actors that constitute socio-ecological systems (Robinson and Berkes, 2011; Smit and Wandel, 

2006). Adaptive capacity can thus be improved over time, which makes it an important attribute to be 

studied from development, academic and policy viewpoints. It is, therefore, imperative to understand 

what factors enhance adaptive capacity (Clay and King, 2019; Thulstrup, 2015). 

In resource-constrained settings, local institutions for collective action play a critical role in strengthening 

adaptive capacity (Armitage, 2005; Fernández-Giménez et al., 2015; Rodima-Taylor, 2012). For instance, 

evidence from Vietnam suggests that embeddedness in local institutions of collective action determines 

the access to resources and knowledge, thus the ability to deal with collective problems (Hulke and 

Revilla Diez, 2020). In Rwanda, local institutions, specifically through the farmers’ crop intensification 

groups, play an important role in shaping the smallholders' adaptation strategies by relaxing resource 

constraints which create incentives for climate change adaptation (Clay and King, 2019). Similarly, the 

local institutions among herders in Mongolia have been shown to play important roles in shaping and 

facilitating climate change adaptation (Wang et al., 2013). In the Mongolian grasslands, communal 

pooling enhanced the adaptive capacity of herders by facilitating coordinated mobile grazing, purchase 

and storage of forage, and market opportunities. 

In smallholder farming systems, FOs are examples of local institutions for collective action that provide 

rural farmers with access to knowledge, skills, inputs, services, networks and market opportunities. 

Access to these resources contributes to improving adaptive capacity by exposing farmers to new ideas 

and bolstering context-specific knowledge for adaptation (Armitage, 2005; Upton, 2012). Smallholders 

exhibit uneven access to resources resulting in unequal adaptive capacity (Thulstrup, 2015). Whenever 

limited access to services intersects with other factors such as the age and gender of the farmer, it may 

result in climate change adaptation inequality (Erwin et al., 2021). With this evidence, it is plausible to 

hypothesise a relationship between FOs and climate change adaptation through access to FO services.  
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Recent empirical studies have explored the relationship between the local institutions for collective 

action and climate change adaptation. For instance, Di Falco and Bulte (2013) studied how risk-sharing 

networks in Ethiopia affect farmers’ adoption of risk-mitigating strategies. They found that, first, 

compulsory risk-sharing within networks encourages free-riding among farmers, thus discouraging 

investments in adaptation strategies. Second, they showed that social networks may effectively 

substitute for the limited access to formal credit by providing opportunities to access informal credit. In 

another study, Di Falco et al. (2019) showed that social networks through peer effects in Ethiopia 

influenced farm-level decision-making on the adoption of climate change adaptation strategies. In 

Switzerland, Bardsley and Bardsley (2014) found that farmer cooperatives mitigate farmers’ risks by 

providing access to cheaper technical and agronomic inputs than what is offered at prevailing market 

prices, which enables farmers to adapt to political, economic and environmental changes. In the 

Philippines, Chandra et al. (2017) showed that organising farmers in farmer field schools promoted 

farmers’ adoption of CSA practices by lowering transaction costs with their input suppliers. In Burkina 

Faso, Castaing (2020) recently found that while FOs support farmers’ adaptation to climate shocks 

through resource pooling to access credit, the large groups (many members) encouraged free riding and 

was associated with reduced investment in adaptation strategies. In Kenya, Washington-Ottombre and 

Pijanowski (2012) found that rural producer organisations through their collective action activities 

support the adoption of sustainable climate change adaptation strategies.  

Yet, this literature has not analysed the specific impact of access to production resources, particularly 

those offered by FOs. In this paper, we estimate the impact of access to services from FOs specifically 

credit, extension, market and their synergies. To start addressing this gap, we draw from the broader 

literature on FOs supporting smallholders’ technology adoption. First, this literature informs that 

technology adoption is limited by constraints in access to credit (Makate et al., 2019; Nakano and 

Magezi, 2020). FOs relax credit constraints by providing farmers with opportunities to borrow at a low 

cost and sometimes informally without collateral (Castaing, 2020). Furthermore, FOs facilitate farmers’ 

cost reduction through bulk purchasing which then provides an incentive for technology adoption 

(Shiferaw et al., 2014).  

Second, farm technology adoption largely depends on access to agricultural extension (Di Falco et al., 

2011). Access to extension is the main source of information and skills for farmers. Yet, when 

government agricultural extension departments are not delivering, FOs may take up this role to ensure 

that farmers receive the necessary farming information and develop their skills. A review of the state of 

agriculture and extension services in sub-Saharan Africa suggests that farmer field schools, social 
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networks and information and communication technology (ICT)-based extension programmes help 

farmers reduce the information asymmetry related to technology adoption (Aker, 2011). In Uganda, for 

instance, access to extension was found to increase the adoption of new cultivation methods that 

require upfront financial investment (Pan et al., 2018). A recent study in Malawi and Zimbabwe show 

that, comparatively, access to extension was more effective in promoting the adoption of CSA than 

access to credit (Makate et al., 2019). In addition, this study found that simultaneous access to credit and 

extension has a synergistic effect on CSA adoption. In Nigeria, the impact of extension on technology 

adoption was higher for cooperative members with access to credit than members without credit access 

(Wossen et al., 2017). 

Third, market access is an important determinant of farm technology adoption. Market access enables 

farmers to produce a surplus that can be sold and to receive better prices for their produce. These 

outcomes improve farmers’ incentive to invest in climate adaptation strategies (Kuhl, 2018). For 

instance, studies show that farmers are more likely to practice intercropping not only for soil fertility 

benefits but also if they have access to the market for the surplus produce and a market for the crop 

used as an intercrop with the main crop (Kamanga et al., 2009; Waldman et al., 2017). In Ethiopia, 

market access was significant in explaining farmer choices towards climate change mitigation 

(Alemayehu and Bewket, 2017). With market access, farmers are more likely to embrace farm 

innovations, as they expect returns from selling surplus produce to cover the investments in new farm 

practices including CSA (Thulstrup, 2015). Where farmers have no guaranteed access to the market, FOs 

may provide market opportunities, economies of scale in post-harvest expenses and bargaining power to 

reduce buyers’ opportunistic behaviour (Bernard and Spielman, 2009). 

Generally, we identify five ways through which FOs can support smallholder farmers in adapting to 

climate change. First, FOs support farmers to develop a collective view on climate change risks which in 

turn influences individual farmer perceptions and responses. Second, through the provision of 

agricultural extension services, FOs provide access to knowledge and skills necessary to effectively and 

efficiently respond to climate change. Third, FOs relax smallholders’ credit constraints, thus facilitating 

investment in financial-intensive adaptation strategies. Fourth, FOs provide affordable access to farm 

inputs such as certified seeds. FOs achieve this (a) through their bargaining role, enabling farmers to 

access inputs at a lower cost, and (b) by providing information about the inputs market. Fifth, FOs 

support farmers to sell their farm produce. This can be achieved (a) through the bargaining role which 

enables farmers to access consistent and lucrative markets, and (b) by providing information about 

where to sell, when to sell and to which buyers.  
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In sum, part of the literature suggests that FOs, as local institutions for collective action, are the potential 

means of relaxing constraints that limit the adoption of CSA practices. Other literature focuses on the 

role of access to credit, extension and market in technology adoption. From these strands of literature, 

we consider the following proposition: access to credit, extension and market from FOs, individually and 

synergistically increase the ability of smallholders to adapt to climate change. 

 
4.3 Methodology  

4.3.1 Data and description of variables 

The data for this study come from a household survey of smallholder potato farmers, conducted 

between June to August 2019 in Kenya. Potato is grown in almost all the arable highlands of Kenya. The 

top five counties in terms of land under potato cultivation are Meru, Nyandarua, Nakuru, Elgeiyo 

Marakwet and Kiambu, with Meru and Nakuru accounting for over 30% of the land used for potato 

(Kaguongo et al., 2014).  

Considering our interests in the impact of membership in FOs on the adoption of CSA practices, we focus 

on FOs which support potato production and marketing. A multistage sampling procedure was used to 

select a random sample of 792 farmers. In the first stage, Meru and Nakuru counties were purposively 

selected. Within these two counties, wards (i.e., districts) with high potato production were selected in 

consultation with the county extension officers. Specifically, Kisima, Timau and Kibirichia wards were 

selected in Meru county while Keringet and Molo wards were selected in Nakuru county. Second, we 

relied on the lists of FOs in the selected wards to randomly sample the FOs for the study. From the lists, 

39 FOs were randomly selected in Meru county and 18 FOs were randomly selected in Nakuru county. In 

total, 57 potato FOs were selected. Third, for each selected FO, the list of members was acquired from 

which a random sample of farmers – proportionate to the group size – was interviewed. 

Finally, since we did not have lists of non-group member farmers (control group), and given the resource 

constraints, we randomly chose non-member farmers in the same villages as the group member farmers 

to be interviewed. To do this systematically, enumerators were asked, after interviewing every second 

selected group member to skip two households and interview the third household only if the farmer was 

a non-group member. Although this may not yield a perfectly random sample, this approach produces a 

more representative sample in the absence of a population list and with resource constraints (McCord et 

al., 2015). From the total sample of 792 potato farmers interviewed, 500 were FO members (treated) 

and 292 non-members (control). A structured questionnaire was used to collect data on a range of topics 
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including farmer and farm characteristics, access to FO services, potato production and marketing 

activities. 

 

4.3.2 Variable description and measurement 

Outcome variables 
The outcome variables include the adoption of CSA practices. In reality, a single practice may not 

sufficiently achieve the triple-win objectives of CSA, therefore, proponents of CSA advocate for practice 

combinations. This implies that practice is considered CSA if it helps deliver one or more of the CSA 

objectives (Bell et al., 2018). Specifically, the CSA practices considered in this study are those relating to 

potato production identified in consultation with the extension officers. They include irrigation, changing 

of cultivation calendar, use of certified seed, crop rotation, soil testing and intercropping. The CSA 

practices related to land use enable farmers to effectively cope with distinct climatic shocks and 

adaptively respond to current and future climatic changes (Clay and King, 2019). The adoption of the CSA 

practices was measured as dummy variables following previous studies (Kassie et al., 2015; Makate et 

al., 2019; Teklewold et al., 2019; Wainaina et al., 2016). The variable takes a value of 1 if a farmer 

adopted the practice and 0 otherwise. We further constructed a CSA adoption index which is a measure 

of the number of CSA practices that a farmer adopted. This index has previously been used as an 

indicator of farmer CSA adoption intensity (Amadu et al., 2020b; Aryal, Rahut, et al., 2018) Table 1 

presents a detailed description.  

 

Explanatory variables 
We draw on the existing literature on determinants of membership in FOs and determinants of access to 

farm production services to identify a comprehensive set of covariates for this study (Abate, 2018; 

Amadu et al., 2020; Di Falco and Bulte, 2013; Khanal et al., 2017; Makate et al., 2019; Wossen et al., 

2017). Table 1 presents the description and statistics for the selected explanatory variables.  

 

Treatment variables 
We consider a broad set of treatment variables. First, FO member-farmers are compared to non-

members, providing the impact of membership on CSA adoption. Second, instead of confining our 

analysis to only FO members versus non-members, we drop the non-member farmers subsample and 

proceed with the analysis with only the FO member-farmers subsample. Members with access to credit, 

extension and market are compared to member-farmers without access to these services. Additionally, 
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members with access to a combination of services are compared to members who did not access specific 

service combinations. This allows us to exploit the impact of access to specific FO services including the 

various service combinations on the CSA adoption. We deal with potential biases that may arise from 

comparing these samples using a wide range of econometric techniques which we will discuss at length 

in the next section.  
 

4.4 Empirical approach 

The objective of this study is to evaluate the effect of membership in FO and access to FO services (as a 

measure of farmer adaptive capacity) on CSA adoption. In other words, we estimate the average 

treatment effect on the treated (ATT), this is the average difference in the adoption of CSA practices for 

the treated and control groups of farmers (Rosenbaum and Rubin, 1983). Given the observational nature 

of our data, we may directly compare farmers in the treated group against those in the control group. 

While this seems to be a straightforward analysis in an observational study, we cannot establish how the 

outcome (in our case CSA adoption) would have been without treatment (membership and access to FO 

services), consequently, we are faced with a missing data problem on the counterfactual. As such, any 

attempt to directly compare the two groups of farmers could be misleading, due to non-random self-

selection into the treated groups (Caliendo and Kopeinig, 2008). 

We, therefore, need to account for the self-selection bias in the analysis. Two potential sources of bias 

can be identified in the analysis: the bias arising from the difference in the treated group and control 

group with respect to observed and unobserved characteristics. We apply the propensity score matching 

(PSM) technique to construct counterfactuals with the same characteristics as the treated groups, thus 

controlling for observed characteristics (Caliendo and Kopeinig, 2008). The propensity score is the 

probability of assignment of treatments conditional on observed characteristics, this has the advantage 

of reducing the confounding effects in observational data through a quasi-experimental approach 

(Rosenbaum and Rubin, 1983). The covariates balancing of the propensity scores ensure that the 

distribution of the observed characteristics are similar for both the treated and the control group, and 

thus no systematic variations exist between the two groups. 

The analysis is implemented in the following three steps. First, we explore the factors associated with 

membership in FOs to understand the probability of FO membership. Second, constructing the 

counterfactuals using the propensity scores and checking the covariates’ balance. Third, we estimate the 

causal effects (ATT) of (a) membership and (b) access to FO services on CSA adoption. 
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After constructing the counterfactuals through the PSM technique, we estimate the doubly robust 

inverse probability weighted regression adjustment (IPWRA) as our primary estimator.  

The procedure for estimating IPWRA proceeds as follows. First, we estimate the average treatment 

effect on the treated (ATT) as shown in equation 1: 

𝐴𝐴𝐴𝐴𝐴𝐴 𝐴 𝐴𝐴�𝑌𝑌�� − 𝑌𝑌��|𝑇𝑇� = 1�,  
        =𝐸𝐸 (𝑌𝑌��|𝑇𝑇� = 1) − 𝐸𝐸(𝑌𝑌��|𝑇𝑇� = 1)                                                                                     (1) 

where 𝐸𝐸(. ) denotes the expectation term, 𝑌𝑌��  is the outcome for the treated group while 𝑌𝑌��  is the 

outcome for the control group and 𝑇𝑇�  is the treatment indicator equal to 1 if a household was in the 

treated group and 0 otherwise. The central problem in equation 1 is that we cannot observe the 

outcome of the treated group of farmers had they not been in the treated group, i.e. 𝐸𝐸(𝑌𝑌��|𝑇𝑇� = 1). 

Replacing the unobserved counterfactuals with the outcomes of the control groups (𝐸𝐸(𝑌𝑌��|𝑇𝑇� = 0)) may 

result in biased ATT estimates (Manda et al., 2018; Takahashi and Barrett, 2013). 

To solve this statistical pitfall, Wooldridge (2010) proposes the use of the IPWRA estimation strategy. 

IPWRA makes use of the inverse of the estimated probability weights to estimate the missing data-

corrected regression coefficients which are used to calculate robust ATT estimates. The inverse 

probability weights are constructed by weighting the observations based on the inverse probability of 

being in the treated group. Generally, Rosenbaum and Rubin (1983) defined the probability of being in 

the treated group (propensity score) as: 

𝑝𝑝(𝑋𝑋) = 𝑃𝑃𝑃𝑃(𝑇𝑇� = 1|𝑋𝑋) = 𝐹𝐹�ℎ(𝑋𝑋)� =𝐸𝐸 (𝑇𝑇�|𝑋𝑋)                                                                        (2) 

where 𝑋𝑋 is a vector of pre-treatment observed covariates that includes the farm and farmer 

characteristics, institutional and location characteristics associated with treatment. 𝐹𝐹�. � is the 

cumulative distribution faction. The propensity scores from equation 2 are used to generate a sample in 

which the distribution of measured covariates is independent of treatment assignment. For the treated 

group, the inverse weight is equal to 1 while that of the control group is given by ��(�)
�� ��(�). To combine the 

weights for both treated and control groups we follow the procedure suggested by Hirano and Imbens 

(2001) given as: 

𝑤𝑤� =𝑇𝑇 � + (1 − 𝑇𝑇�) ��(�)
����(�)                                                                                              (3) 

where 𝑝𝑝̂ are the estimated propensity scores and 𝑤𝑤�  are the calculated inverse probability weights. 
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The regression adjustment (RA) on the other hand makes use of a linear regression model for both the 

treated and untreated units and finds averages of the predicted outcomes to obtain the treatment 

effects. Given this, it is evident that RA focuses more on the outcome, while IPW focuses more on 

treatment in calculating treatment effects, as such, there is value in combining the two estimators – 

IPWRA. 

The ATT for the RA estimator is expressed following Wooldridge (2010) as: 

𝐴𝐴𝐴𝐴𝐴𝐴�� = 𝑛𝑛��� ∑ 𝑇𝑇��𝑟𝑟�(𝑋𝑋𝑋 𝑋𝑋�) − 𝑟𝑟�(𝑋𝑋𝑋 𝑋𝑋�)��
���                                                              (4) 

where 𝑛𝑛� is the total number of treatment units, 𝑟𝑟�(𝑋𝑋) is the hypothesized regression model for both 

treated (1) and control group (0) based on the observed covariates 𝑋𝑋 and parameters 𝛿𝛿� = (∝�, 𝛽𝛽�). 
Combining IPW (Equation 3) and RA (Equation 4) yields IPWRA. Since the combination may complicate 

the calculations, Wooldridge (2010) points out that it is sufficient to correctly specify either IPW or the 

RA equation to obtain reliable estimates of the treatment effects. The ATT for the IPWRA estimator can 

be expressed as: 

𝐴𝐴𝐴𝐴𝐴𝐴����� = 𝑛𝑛��� ∑ 𝑇𝑇��𝑟𝑟�∗(𝑋𝑋𝑋 𝑋𝑋�∗) − 𝑟𝑟�∗(𝑋𝑋𝑋 𝑋𝑋�∗)��
���                                                            (5) 

the value parameter 𝛿𝛿�∗ = (𝛼𝛼�∗, 𝛽𝛽�∗) is obtained from a weighted regression procedure given by: 

min��∗ 𝑋��∗
∑ 𝑇𝑇�(𝑦𝑦� − 𝛼𝛼�∗ − 𝑋𝑋𝑋𝑋�∗)� ∕���� 𝑝̂𝑝(𝑋𝑋𝑋 𝑋𝑋��)                                                                    (6) 

the value of the parameter 𝛿𝛿�∗ = (𝛼𝛼�∗, 𝛽𝛽�∗) is obtained from a weighted regression procedure given 

by: 

𝑚𝑚𝑚𝑚𝑚𝑚��∗ 𝑋��∗
∑ (1 − 𝑇𝑇�)(𝑦𝑦� − 𝛼𝛼�∗ − 𝑋𝑋𝑋𝑋�∗)� ∕���� �1 − 𝑝̂𝑝(𝑋𝑋𝑋 𝑋𝑋�)�                                               (7) 

Like other treatment effect estimators, IPWRA relies on the assumption of conditional independence or 

confoundedness—implying that once we condition our analysis on a sufficient number of covariates, we 

approximate random treatment assignment. This is a strong assumption, since self-selection due to the 

unobservables may still be present. We mitigate this by conditioning our analysis on a rich set of 

covariates.  

While we are aware that the outcome (CSA adoption) can be influenced by unobservable characteristics 

of the farmer and that IPWRA cannot fully account for this bias, it is recommended that the bias can be 

mitigated by checking the robustness of the IPWRA results using additional treatment effects approaches 

(Imbens and Wooldridge, 2009). Three estimation strategies are employed for the robustness check,  

PSM through the teffects psmatch Stata command which has the advantage of producing consistent 
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standard errors of the ATT by accounting for the estimated propensity scores rather than taking them as 

known (Abadie and Imbens, 2016), and has the option of adjusting for biases that may arise when 

matching is based on more than one covariate (Abadie and Imbens, 2011), and independent inverse 

probability weighting (IPW) and regression adjustment (RA). 
 

4.5 Results and Discussion 

4.5.1 Descriptive statistics  

The descriptive results of the variables used are presented in Table 1. The outcome variables (CSA 

practices adopted) show that on average less than 50% of the sampled farmers adopted the selected CSA 

practices, with the highest being the adoption of crop rotation at 44% and least being soil testing at 22%. 

This is consistent with previous studies that have indicated that the adoption of CSA remains low in sub-

Saharan Africa given the low adaptive capacity resulting from limited resource endowment (Amadu et 

al., 2020; Arslan et al., 2014; Teklewold et al., 2013). The CSA index shows that on average farmers 

adopted at least two CSA practices. Concerning the treatment variables, 63% of the sampled households 

were members of FOs, out of which 28% accessed credit, 80% accessed extension and 24% accessed the 

market for the potatoes through or from the FOs. The average age of the sampled farmers was 50 years, 

with an average of 17 years of experience in growing potato. This suggests that potato farmers are in the 

relatively older category of the population in Kenya. The average household size is five members and 

about 47% of the sampled farmers were female, indicating that potato is grown almost equally by both 

male and female farmers in Kenya. 
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Table 1: Variable description, measurement and summary statistics  
Variable Variable description  Mean Std. dev 
Outcome variables    
Irrigation (IR) Applied the practice (1= Yes; 0= No) 0.31 0.46 
Change in cultivation 
calendar (CCC) 

 
Applied the practice (1= Yes; 0= No) 

 
0.42 

 
0.49 

Use of certified seed (CS) Applied the practice (1= Yes; 0= No) 0.30 0.46 
Crop rotation (CR) Applied the practice (1= Yes; 0= No)  0.44 0.50 
Soil testing (ST) Applied the practice (1= Yes; 0= No)  0.22 0.41 
Intercropping (IC) Applied the practice (1= Yes; 0= No)  0.36 0.48 
CSA index Number of CSA practices adopted by a farmer 2.05 1.27 
Explanatory variables   
Sex  Sex of the farmer (1= Male; 0= Female)  0.53 0.50 
Age Age of the farmer in years (Years) 49.55 12.67 
Age squared Age squared 2615.80 1306.05 
Household size Number of household members (Number) 4.63 1.93 
Education Years of formal education of the farmer (Years) 9.14 3.36 
Years growing potato Number of years growing potato (Years) 17.91 12.23 
Total land size owned Total land owned by the farmer (Ha) 1.21 1.61 
Land ownership Land ownership status (1= Owned; 0= Otherwise) 0.78 0.41 
Off-farm income The farmer has off-farm income (1= Yes; 0= No) 0.31 0.46 
Access climate info Did the farmer access climate information (1= Yes; 0= No)  0.31 0.46 
Motorized transport 
equipment 

Ownership of motorized transport equipment 0.26 0.44 

Distance to the source of 
farm inputs 

Distance to the main source of farm inputs (Kilometres) 3.44 3.43 

County Location of the farmer (1=Meru; 0= Nakuru) 0.59 0.49 
Treatment variables (membership and FO services access and use) n =  500 
Membership in FO  A member of potato FO (1= Yes; 0= No) 0.63 0.48 
Access to credit Accessed credit through/from the FO (1= Yes; 0= No) 0.28 0.45 
Access to extension Accessed extension through/from the FO (1= Yes; 0= No) 0.80 0.40 
Access to market Accessed market through/from the FO (1= Yes; 0= No) 0.24 0.43 

 

 

4.5.2 Empirical model results    

As a first step, we estimate the propensity to join a potato FO using a logit estimator, with a binary 

dependent variable being equal to 1 if the farmer is a member and 0 otherwise. The estimation results 

are presented in Appendix Table A1. Second, to construct the counterfactuals for comparison, it is 

essential that the covariates’ balancing proprieties are satisfied. A satisfaction of balancing properties 

imply that there are no systematic variations in the observed characteristics between the treated and 

control groups. According to Rosenbaum and Rubin (1983), one may ignore the endogeneity of the 

treatment assignment if two conditions are met: (i) the conditional independence assumption (CIA), 

which suggests that a set of observable covariates exists and which, after controlling for, the potential 

outcomes are independent of the treatment status; and (ii) the common support assumption, which 
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states that for each value of an identified observable covariate, there is a positive probability of being 

treated or untreated.  

We rely on the standardised bias (SB) to test the covariate balance; variables with |SB|≥ 20 are 

considered imbalanced (Rosenbaum and Rubin, 2012). As shown by the results (Appendix Table A2), 

some variables are significantly different between control and treated groups before matching. 

However, after matching no variable is statistically different and all variables have SB less than 20. The 

visual inspection of the distribution of the propensity scores in Appendix Figure A1 shows that we 

achieved a good match. The matching procedure successfully generated control groups, and the treated 

groups are independent of the potential outcomes (Apel and Sweeten, 2010). 

 
IPWRA results and robustness checks 
After achieving balanced samples, we estimate the IPWRA for the impact of membership on the 

adoption of individual CSA practices and the CSA index (Table 2).  

 

Table 2. IPWRA ATT estimates for the effect of membership on CSA adoption 

Treatment variable  
Outcome variables  

IR CCC CS CR ST IC CSA index 

Membership in FOs 0.094*** 
(0.033) 

0.195*** 
(0.035) 

0.212*** 
(0.031) 

0.182*** 
(0.035) 

0.185*** 
(0.027) 

-0.323*** 
(0.035) 

0.545*** 
(0.088) 

Number of observations 792 792 792 792 792 792 792 
Note:  * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses. 

IR = Irrigation; CCC = Change Cultivation Calendar; CS = Certified Seed; CR = Crop Rotation; ST = Soil Testing; IC = Intercropping. 
 

The results show that membership on average increases the probability of adopting irrigation by 9.4%, 

changing the cultivation calendar by 19.5%, using certified potato seed by 21.2%, crop rotation by 18.2% 

and testing the soil by 18.5%. However, membership reduces the probability of intercropping by 32.3%. 

Overall, membership increases the number of CSA practices by 0.55 compared to non-membership. In 

sum, after controlling for observed heterogeneity FO membership increases the adoption of CSA 

practices on average. Different estimation strategies show that IPWRA results are robust (Table 3). 

The negative effect of membership on intercropping highlights the trade-offs that farmers have to make 

in adopting some types of CSA practices and market-oriented production. For potato, which is largely 

grown as a mono-crop, market-oriented farmers are less likely to intercrop since they target high yields 

from the small land sizes. However, intercropping may be practised by farmers who are more concerned 

about diversifying their own production to achieve household food and nutrition security. 
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These results show the impact of FO membership on CSA adoption. In other words, this is a simple 

comparison of members to non-members which assumes that all member-farmers access the services 

offered by the FO. In reality, not all member farmers have access to FO services (Bizikova et al., 2020). An 

analysis taking into account only membership does not reveal how, or the mechanism through which 

membership impacts CSA adoption. 

 
Table 3. Robustness of ATT estimates for the impact of membership on CSA adoption  

 
Outcome variables 

Treatment variable: Membership in FOs  
PSM IPW RA 

Irrigation 0.064 
(0.054) 

0.091**   
(0.038) 

0.082**    
(0.034) 

Change in cultivation calendar 0.156*** 
(0.044) 

0.154***   
(0.049) 

0.155***   
(0.039) 

Use of certified seed 0.186*** 
(0.046) 

0.164***  
(0.041) 

0.147***  
(0.038) 

Crop rotation 0.134*** 
(0.046) 

0.161***  
(0.049) 

0.149***   
(0.040) 

Soil test 0.150*** 
(0.040) 

0.099* 
(0.052) 

0.142***  
(0.032) 

Intercropping -0.286*** 
(0.047) 

-0.284***   
(0.047) 

-0.268*** 
(0.042) 

CSA index 0.408*** 
(0.117) 

0.385*** 
(0.141) 

0.408*** 
(0.100) 

Number of observations 792 792 792 
Note:  * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
 PSM estimated through the teffects psmatch Stata command 
 

In the next sections of the results, the analysis proceeds with the CSA index as the outcome variable. We 

identify three services that a member of a FO may access; credit, extension and output market. We want 

to explore the effect of each of these services on CSA adoption (using the CSA index as the outcome 

variable). To do this, we estimate the ATT of membership with access to each of the services separately 

(Table 4). In this case, we compare members who accessed credit, extension and market services to non-

member farmers (comparison of members with non-members). 

Table 4. IPWRA ATT estimates for the effect of access to FO services on CSA adoption 

 
Treatment variable 

Outcome variable: CSA index 
ATT estimates No. of obs. 

Membership with access to credit vs non-members 0.848*** 
(0.128) 

431 

Membership with access to extension vs non-members 0.618*** 
(0.093) 

694 

Membership with market access vs non-members 1.213*** 
(0.132) 

414 

Note:  * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
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Table 4 shows that each of the three services provided by FOs has a positive and significant effect on CSA 

adoption. On average, members with market access adopted 1.21 more practices compared to the non-

members. Access to credit and extension from FOs increased CSA adoption by 0.85 and 0.62 more 

practices, respectively, as compared to the non-members. The results are robust to a range of other 

specifications as shown in Table 5. 

Our findings suggest that access to market, credit and extension improve farmers’ adaptive capacity and 

thus the ability to invest in CSA adoption. Our results are consistent with previous studies that showed 

that market access increased the willingness of farmers to adopt climate change adaptation strategies 

(Alemayehu and Bewket, 2017; Chandra et al., 2017; Thulstrup, 2015). Furthermore, Makate et al. (2019) 

found that access to credit and extension increase CSA adoption. Access to credit relaxes investment 

constraints while extension services provide information on new farming practices (Di Falco et al., 2011; 

Lambrecht et al., 2014). While our results corroborate with previous studies, the studies do not consider 

services provided by FOs.  

 

Table 5. Robustness of ATT for the effect of access to FO services on the adoption of CSA practices 

 
Treatment variable 

Outcome variable: CSA index 
PSM  IPW RA No. of obs. 

Membership with access to credit vs 
non-members 

0.503** 
(0.195) 

0.613*** 
(0.171) 

0.671*** 
(0.136) 

431 

Membership with access to extension vs 
non-members 

0.565*** 
(0.117) 

0.386** 
(0.166) 

0.453*** 
(0.107) 

694 

Membership with market access vs non-
members 

0.844*** 
(0.155) 

0.715*** 
(0.228) 

0.821*** 
(0.142) 

414 

Note:    * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
PSM estimated through the teffects psmatch Stata command 

 

In Table 4 we presented the results of the comparison between member-farmers with access to the 

three identified services and non-member farmers. While the results show the importance of access to 

market, credit and extension for CSA adoption, the estimated effects of access to services may be 

blurred by the fact that we compared FO members to non-members. The simple comparison between 

members and non-members does not disentangle the effect of access to the different FO services on CSA 

adoption. To extract the effects of access to FO services, we focus on the FO member-only subsample 

and compare member-farmers that accessed the specific services from FOs to the member-farmers that 

did not access the service under consideration.  
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Table 6 presents the results of the comparison between members that accessed the three services: 

market, credit and extension, with members that did not access the specific services (within-membership 

comparison). The results show that access to market, credit and extension services had a positive effect 

on CSA adoption with access to market having the largest effect, followed by credit and extension, 

respectively. Compared to members that did not access market services, members that accessed market 

adopted 0.88 more practices on average. Access to credit and extension on average increased the CSA 

adoption by 0.42 and 0.37 more practices, respectively, as compared to members that did not access the 

services. 

 

Table 6. IPWRA ATT estimates for the effect of access to FO services on CSA adoption  
 
Treatment variable 

Outcome variable: CSA index 
ATT estimates No. of obs. 

Membership with access to credit vs membership without 
access to credit 

0.421*** 
(0.129) 

500 

Membership with access to extension vs membership 
without access to extension 

0.374** 
(0.146) 

500 

Membership with market access vs membership without 
market access 

0.884*** 
(0.131) 

500 

Note: * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
 

As expected, the magnitudes of the effects are much lower when only members are considered (Table 

6). This is a sign that our within-membership comparison does help to eliminate some of the remaining 

biases not addressed in Table 4. Once again, in Table 7 we show that our IPWRA ATT estimates are 

robust to other estimation strategies. 

 

Table 7. Robustness of ATT for the effect of access to FO services on the CSA adoption 
Treatment variable Outcome variable: CSA index 

PSM  IPW RA No. of obs. 
Membership with access to credit vs membership 
without access to credit  

0.338** 
(0.148) 

0.350*** 
(0.116) 

0.352*** 
(0.116) 

500 

Membership with access to extension vs membership 
without access to extension 

0.306* 
(0.162) 

0.285** 
(0.141) 

0.227* 
(0131) 

500 

Membership with market access vs membership 
without market access 

0.607** 
(0.162) 

0.638*** 
(0.127) 

0.605*** 
(0.129) 

500 

Note: * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
           PSM estimated through the teffects psmatch Stata command 
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IPWRA results with conditional analysis 
In Table 6 we presented the effect of access to market, credit and extension services from FOs on CSA 

adoption comparing members only. We know, however, that farmers may access a combination of the 

services in varying constellations. For instance, a farmer may access both credit and extension, while 

another farmer may access credit but not extension. In this case, access to credit can be modelled 

conditional on access extension. Since we found that extension is accessed by about 80% of the member-

farmers, we explore the effect of access to credit and market independently and conditional on access to 

extension.  

Table 8 presents the IPWRA ATT estimates of access to credit conditional on access to extension (with 

access to extension and without). The results show that when credit is accessed together with extension, 

0.52 more practices are adopted on average compared to access to credit without extension. Comparing 

the results as shown in Table 6 and Table 8, we find that the effect of access to credit together with 

extension is higher than access to credit only. 

  

Table 8. IPWRA estimates for the effect of access to credit conditional on access to extension on CSA adoption 
 
Treatment variable 

Outcome variable: CSA index 
ATT 

estimates 
 
No. of obs. 

Test for equality in coefficients 
of the two equations (a and b) 

a) Membership with simultaneous access to credit 
and extension  

(credit =1; extension =1) 

0.521*** 
(0.140) 

402 z = 1.96 and probability 0.05 
indicating that there is a 
statistically significant 
difference. We reject the null 
hypothesis that β1 = β2 

b) Membership with access to credit but without 
access to extension 

(credit =1; extension =0) 

-0.098 
(0.284) 

98 

Note: * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 

 

To further demonstrate the effect of access to credit conditional on access to extension, we test the 

equality of coefficients of the two equations (a and b), following the procedure described in Clogg et al. 

(1995). In the test of equality in coefficients, we reject the null hypothesis that the two coefficients are 

equal (Table 8). This indicates that the effect of access to credit simultaneously with extension is 

significantly different from access to credit without extension. This demonstrates the role of extension as 

a catalyst that enables the credit to bring out additional effects.  

In another constellation, some member-farmers may access market simultaneously with extension 

services while others may have market access without extension. In this scenario, market access can be 

modelled conditional on access to extension. The results in Table 9 show the effect of market access 
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conditional on access to extension. Members with simultaneous access to market and extension adopted 

0.90 more practices on average compared to members with access to market without extension. While 

the findings emphasise the role of extension as a catalyst in CSA adoption, in the test for equality in 

coefficients of the two equations (c and d) we fail to reject the null hypothesis that the two coefficients 

are equal. We caution, however, that such a test is highly dependent on the sample size, and as such the 

findings should be interpreted with care. In our analysis, we lost statistical power since the number of 

observations was significantly reduced (Table 9). 

 

Table 9. IPWRA ATT estimates for the effect of market access conditional on access to extension on CSA adoption 
 
Treatment variable 

Outcome variable: CSA index 
ATT 

estimates 
No. of obs. Test for equality in coefficients 

of the two equations (c and d) 
c) Membership with simultaneous access to 

market and extension  
(market =1; extension =1)     

0.900*** 
(0.139) 

402 z = 0.80 and probability 0.42 
indicating that the difference is 
not statistically significant. We 
fail to reject the null hypothesis 
that β1 = β2 

d) Membership with access to market access but 
without extension  

(market =1; extension =0)    

0.560 
(0.399) 

98 

Note: * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
 

In yet another constellation, some member-farmers may access both credit and market simultaneously 

with extension, while other member-farmers may access both credit and market simultaneously without 

extension. Table 10 presents the results of the effect of access to both credit and market simultaneously 

conditional on access to extension. When both credit and market are accessed simultaneously with 

extension, 0.92 more practices are adopted compared to simultaneous access to market and credit 

without extension. This further demonstrates that extension catalyses simultaneous access to credit and 

market to bring out additional effects. The test for equality in coefficients of the two equations (e and f) 

fails to reject the null hypothesis that the two coefficients are equal, probably because of the lost 

statistical power given the small sample size.  
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Table 10. IPWRA ATT effects of simultaneous access to credit and market conditional on access to extension on CSA 
adoption 

 
Treatment variable 

Outcome variable: CSA index 
ATT 

estimates 
 

No. of obs. 
Test for equality in coefficients 
of the two equations (e and f) 

e) Membership with simultaneous access to 
credit and market with extension  

(credit & market =1; extension =1) 

0.915*** 
(0.162) 

402 z = 0.87 and probability 0.38 
indicating that the difference is 
not statistically significant. We 
fail to reject the null hypothesis 
that β1 = β2 

f) Membership with simultaneous access to 
credit and market but without extension  

(credit & market =1; extension =0) 

0.363 
(0.611) 

98 

Note: * p<0.10, ** p<0.05, *** p<0.001; Robust S.E. in parentheses 
 

4.6 Conclusions 

This paper connects two important yet often parallel academic debates on international development: 

one on farmers’ adaptation to climate change (Di Falco et al., 2011; Quiroga et al., 2020) and another on 

the role of FOs in technology adoption (Abebaw and Haile, 2013; Wossen et al., 2017). Specifically, our 

paper deepens the debate on farmers’ adaptation to climate change by identifying how farmers’ 

adaptive capacity can be enhanced. While it has been shown that adaptive capacity is dependent on 

access to production resources (Smit and Pilifosova, 2003; Williams et al., 2019; Yaro et al., 2014), this 

paper presents access to credit, market and extension from FOs as one of the mechanisms through 

which farmers’ adaptive capacity can be enhanced in resource-constrained contexts such as in sub-

Saharan Africa. A focus on farmers’ adaptive capacity in climate change adaptation research minimizes 

the assumption that the more adaptation options available to farmers the higher the probability of 

adoption (Vanschoenwinkel et al., 2020). Many studies assume that a higher number of adaptation 

options increases the likelihood of farmers adopting, yet this ignores the role of farmers’ adaptive 

capacity. Understanding the factors that strengthen farmers’ adaptive capacity is important for both 

policy and development community. This is because developing policies or development interventions 

that contribute to strengthening the adaptive capacity could potentially improve climate change 

adaptation.  

We used a unique dataset from smallholder potato farmers in Kenya which allow for data disaggregation 

based on FO membership and access to credit, extension and market services. Our findings show that 

FOs play an important role in climate change adaptation by strengthening the capacity of smallholders to 

adopt CSA practices. FOs provide access to credit, extension and markets which increase the members’ 

adaptive capacity and thus enable CSA adoption (Chandra et al., 2017). 
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We estimate the IPWRA given its doubly robust property to reveal the impact of membership in FOs and 

access to different FO services on CSA adoption. Overall, the results show that membership increases 

CSA adoption. However, studying the effect of the simple membership dichotomy (being a member or 

not) is not very informative, as members differ in their access to services from the FO. To disentangle the 

effect of membership and the diverse access to services, there is a need for disaggregated analysis. To fill 

this knowledge gap, we first identified the services that FOs provide to their members to strengthen 

their adaptive capacity. Second, we estimated the impact of access to the identified services on CSA 

adoption, considering (a) members versus non-members and (b) members with access to specific 

services versus members without access to the specific services (within-membership comparison). 

Our results show that market access had the highest impact on CSA adoption, followed by credit and 

extension, respectively. In other words, improving access to market farm produce, providing accessible 

and affordable credit and offering extension services are promising strategies that foster CSA adoption in 

resource-constrained contexts. Specifically, market access provides an incentive for farmers to invest in 

CSA adoption (Chandra et al., 2017). Access to credit relaxes the liquidity constraints, while access to 

extension increases farmers’ knowledge of the CSA practices (Di Falco et al., 2011; Wossen et al., 2017).  

The conditional analysis highlights important results. First, when estimating the effect of access to credit 

conditional on access to extension, the results indicate a higher impact compared to the access to credit 

without extension. A test of equality of coefficients for the two ATT estimates ((a) access to credit with 

extension and (b) access to credit without extension) rejects the null hypothesis that the two coefficients 

are equal. This reveals the role of extension as a service that catalyses credit to generate additional 

effects. This finding corroborates with Makate et al. (2019) who found that access to credit 

simultaneously with extension has a synergistic impact on CSA adoption. Second, we also find that 

extension is a catalyst that induces market access to provide additional effects.  

This paper makes three important contributions to the literature. First, we demonstrate that FOs 

contribute to the improvement of smallholder ability to adopt CSA practices through membership and 

service provision; however, we do not present the FO as the silver bullet for climate change challenges. 

Second, we show that membership is necessary but not sufficient in explaining the impact of FOs on 

adoption outcomes. Instead, access to services and their complementarities need to be accounted for; 

ignoring the role of services may provide an incorrect impact of FOs. Our study, therefore, extends the 

existing literature on the importance of FOs for smallholder welfare (Bachke, 2019; Fischer and Qaim, 

2012b) and technology adoption (Abebaw and Haile, 2013) by considering the role of access to services 

from FOs. 
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Third, the results suggest that apart from gender differences which have been widely studied as a source 

of inequality in climate change adaptation (Azong and Kelso, 2021; Bhattarai, 2020), access to production 

resources and services is another source of inequality in climate change adaptation. From this study, the 

diversity in access to extension, market and credit may explain why some farmers better adapt to 

climate change than others, ceteris paribus. This implies that there are multiple sources of inequalities in 

climate change adaptation given the complexity of climate change and the diversity of farmers and 

communities. Therefore, attempts to close the inequality gap in climate change adaptation should take 

an intersectionality perspective rather than a focus on specific sources of inequality (Erwin et al., 2021; 

Kaijser and Kronsell, 2013).  

 

4.7 Policy and managerial implications 

Our findings have important policy implications, specifically at the nexus of climate change adaptation, 

agricultural development and food policies. We show that CSA cannot be assumed to always deliver the 

triple-win benefits of maximising synergies between mitigation, adaptation and development (Ellis and 

Tschakert, 2019). Without policies that support smallholders to adopt a variety of CSA practices with 

synergistic benefits, any random adoption would not necessarily deliver climate-smart benefits.  

Enhancing smallholder adaptive capacity requires designing and implementing policies that address both 

(a) structural deficits in access to production resources, and (b) organisational structure weaknesses. For 

effective climate change adaptation strategies, policymakers should not only focus on policies that 

support the formation of FOs but also on establishing an enabling environment for FOs to provide the 

necessary resources to members. For instance, the Kenya Climate-smart Agriculture Strategy 2017-2026 

acknowledges the low adaptive capacity of local communities (MALF, 2017), yet the strategy does not 

identify specific policies that enhance smallholder adaptive capacity. Moreover, discrepancies exist 

between Kenya Climate-smart Agriculture Strategy 2017-2026 and sectoral policies (Faling, 2020). This 

points to the need for policy alignment to meet the CSA objectives to make significant strides in climate 

change adaptation. 

For the development community, it is necessary to support FOs through partnerships with international, 

national or private-sector development partners to provide complementary services (i.e., credit, 

extension and market access) to increase the farmers’ adaptive capacity. The leadership of FOs need to 

come up with viable approaches for providing complementary resources to the farmers. The provision of 

a wide variety of services by FOs has a managerial implication. That is, how does the leadership balance 

the different needs of members while at the same time remaining effective and efficient? A viable 
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approach might be to coordinate the provision of services with complementary partners such as public 

and private extension agencies, input suppliers and NGOs (Abebe et al., 2013). 

Finally, although our findings have demonstrated the importance of FOs in shaping smallholder adaptive 

capacity, questions remain about how the development community can support the formation of FOs, 

and how FOs can be supported to efficiently provide services to their members. Future research could 

study community structures and dynamics to identify the factors that should be taken into account in 

forming new FOs and strengthening existing ones. A study on the organisational structures and the 

business models of FOs is also necessary for designing and identifying the entry point for support 

interventions to improve service provision to farmers.  

 

 

Appendix  

Table A1: Logit estimation for the propensity for membership in farmer organization 

Variable Coefficient Robust Std. Err. Marginal effects 

Sex -0.060 0.160 -0.013 
Age -0.034 0.045 -0.007 
Age squared 0.001 0.001 0.000 
Household size 0.195 0.049 0.041*** 
Education 0.075 0.026 0.016*** 
Years growing potato -0.000 0.010 0.000 
Total land size 0.246 0.090 0.052 
Land ownership -0.114 0.196 -0.024 
Off-farm income -0.286 0.169 -0.060* 
Access climate info 0.485 0.175 0.102*** 
Motorized transport equipment 0.375 0.189 0.079** 
Distance to source of farm inputs 0.014 0.087 0.003 
County 0.071 0.172 0.015 

Constant -1.289 1.094  
Number of observations 792   

Prob > chi2 0.000   
 

  



Farmer organizations and climate change adaptation: the effects of membership and access to services

97 
 

Table A2: Balancing Test on Covariates (Kernel-based Matching) 

Variable  

Balance diagnostics: Standardized Bias (SB) 
Matching FO 
members vs non-
members 

Matching members 
with credit access vs 
members without 

Matching members 
with extension access 
vs members without 

Matching members 
with market access vs 
members without 

Before 
matching 

After 
matching 

Before 
matching 

After 
matching 

Before 
matching 

After 
matching 

Before 
matching 

After 
matching 

Sex 9.2 -1.0 2.2 -0.8 -3.8 2.0 14.0 -5.9 
Age 27.6 -6.3 -5.5 -1.3 -10.8 -1.6 -14.8 -8.4 
Age squared 27.7 -6.5 -7.7 -1.7 -10.8 -0.1 -15.2 -7.8 
Household size 34.9 1.7 7.9 1.3 0.4 -3.9 3.9 3.1 
Education 16.9 3.0 6.7 1.3 1.7 4.0 19.8 7.0 
Years growing potato 15.2 -7.4 6.8 1.5 -14.7 -3.5 10.4 -10.3 
Total land size 33.8 12.5 -4.7 -1.9 9.2 7.1 7.4 1.6 
Land ownership 2.1 3.4 -7.8 -0.6 9.2 5.0 11.1 -1.5 
Off-farm income -10.4 3.4 4.6 2.5 -11.5 -1.7 5.0 6.4 
Access climate info 28.0 0.8 27.0 0.5 41.0 1.4 57.1 -1.4 
Motorized transport 
equipment 20.1 2.4 7.4 0.7 -14.7 1.9 0.9 1.9 

Distance to the main 
source of farm inputs 4.7 5.0 7.5 -0.3 19.5 8.9 14.7 6.4 

County -4.9 -2.4 -5.8 -0.5 -7.6 -0.3 41.2 4.2 
 

Figure A1. Distribution of estimated propensity scores 

 

 
Fig 1a. Propensity score distribution and area of common 
support for FO members vs non-members 

 
Fig 1b. Propensity score distribution and area of common support 
for members with credit access vs members without 

 
Fig 1c. Propensity score distribution and area of common support 
for membership with extension access vs members without 

 
Fig 1d. Propensity score distribution and area of common support 
for membership with market access vs members without 
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Farmer-buyer relationship, entrepreneurial orientation and climate change 
adaptation: the farmers’ perspective within the Kenyan potato supply chain 

 
 
 
Abstract 
 
Climate change is one of the biggest environmental challenges facing humanity. Within the agri-food 

industry, climate change is already adversely affecting food production and supply chains and thus farm 

businesses need to adapt by strengthening their adaptive capacity. This study draws on social exchange 

theory and entrepreneurship literature to develop a theoretical model that proposes that farmer 

entrepreneurial orientation (EO) is the mechanism through which the farmer-buyer relationship affects 

the farmer’s adaptive capacity. The proposed theoretical model was tested through a second-order 

confirmatory factor analysis and a structural equation modelling (SEM) approach using data from 792 

smallholder potato farmers in Kenya. We found that farmer EO mediates the association between the 

farmer-buyer relationship and the farmer’s adaptive capacity. This finding suggests that the farmer-

buyer relationship can strengthen the farmer’s adaptive capacity if the farmer develops its 

entrepreneurial orientation. We conclude that there is scope for governments and development 

practitioners to support the development of farmer EO as it is the pathway through which the farmer-

buyer relationship affects the farmer’s adaptive capacity.  

 
Keywords: Farmer-buyer relationship; Entrepreneurial orientation; Adaptive capacity; Smallholders; 

Agri-food industry; Kenya 
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orientation and climate change adaptation: the farmers’ perspective within the Kenyan potato supply 
chain 
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5.1 Introduction  

The 2021 report of the Intergovernmental Panel on Climate Change (IPCC) identifies climate change as 

one of the biggest environmental challenges facing humanity (IPCC, 2021). Specifically, in the agri-food 

industry, climate change has adverse impacts on food production and supply chains. Given this turbulent 

business environment, a critical question in the supply chain management and marketing fields is how 

businesses adapt? A growing body of literature presents the business-to-business relationship as an 

important mechanism for climate change adaptation, particularly through improving the adaptive 

capacity of the business (Finke et al., 2016; Mora Cortez and Johnston, 2020; Najafi-Tavani et al., 2018). 

Business-to-business relationships improve business adaptive capacity by facilitating resource sharing, 

facilitating learning processes and managerial support (Wang et al., 2008). The importance of business 

relationships stem from the fact that individual businesses have limited resources and capabilities to 

adapt to unprecedented business challenges (Canevari-Luzardo, 2020; Finke et al., 2016; Veal et al., 

2010). 

Research on business adaptation to change has been undertaken from different viewpoints. One 

dominant viewpoint is leveraging on buyer-seller relationships to support adaptation to business risks 

(Beverland, 2005). Other viewpoints focus on knowledge and product innovation (Chang, 2017; Inemek 

and Matthyssens, 2013); improving business performance (Gorton et al., 2015; Mutonyi et al., 2018); 

and support of learning processes (Cui et al., 2013). Even with these opportunities, the role of the buyer-

seller relationship within the agri-food industry has received little attention (Mutonyi et al., 2018), 

especially with respect to adapting to climate change (Canevari-Luzardo et al., 2019). 

For the agri-food industry, understanding the effect of business relations on adaptation to climate 

change is particularly important and urgent for developing countries where the farmers’ adaptive 

capacity remains low (Asfaw et al., 2016; Canevari-Luzardo et al., 2019). At the farm level, adaptive 

capacity refers to the farmer’s potential to convert existing resources into successful climate change 

adaptation strategies (Marshall et al., 2013). Adaptive capacity is important because it affects the ability 

of farmers to invest their limited resources into climate adaptation strategies (Gallopín, 2006; Pérez et 

al., 2016).  

In this paper, we examine the effect of the farmer-buyer relationship – a specific form of buyer-seller 

relationship within the agri-food industry – on the farmers adaptive capacity. This responds to recent 

calls for research that take a relational view of climate change adaptation (Bodin, 2017; Canevari-

Luzardo et al., 2019; González-Mon et al., 2019). The relational view of climate change adaptation 
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acknowledges that businesses do not operate or adapt in isolation, rather they interact and are 

interdependent. Taking the relational perspective, the relationships that farmers and buyers develop and 

maintain contribute to improving the adaptive capacity of both the farmers and buyers (Canevari-

Luzardo et al., 2019; Marshall, 2010), particularly through sharing of resources and risks (Finke et al., 

2016; González-Mon et al., 2019; Wang et al., 2008). 

In business relationships such as farmer-buyer relationships, the degree to which a relationship affects 

behaviour is largely influenced by the nature of the relationship (Centola, 2010). If there is mutual 

satisfaction, commitment and balanced power distribution between the farmers and the buyers, 

opportunistic behaviour and conflict are minimized. This, in turn, facilitates risk-sharing, knowledge 

exchange, and access to complementary resources (Claycomb and Frankwick, 2010; Lu et al., 2008). A 

satisfactory relationship has also been shown to reduce transaction costs and thus enhance efficiency 

(Mutonyi et al., 2018). 

A growing body of literature on relationship marketing suggests that building and maintaining 

collaborative relationships between sellers and buyers benefit all parties involved. For instance, Mutonyi 

et al. (2018) found that the farmer-buyer relationship benefits both farmer and buyer by reducing post-

harvest losses. Gorton et al. (2015) found farmer-buyer relationships to improve the quality and quantity 

of dairy products, to the benefit of both farmers and buyers. Castaño et al. (2005) showed that good 

relationships between farmers and buyers incentivised the uptake of sustainable agricultural practices. 

González-Mon et al. (2019) found that the nature of the business relationship between fishermen and 

fish buyers improved the adaptive capacity of both parties. 

While there are opportunities for leveraging farmer-buyer relationships in improving climate change 

adaptation, the fundamental question of how these relationships influence adaptation remains 

underexplored (Linnenluecke et al., 2013). This question is relevant for the design of development 

interventions that seek to support climate change adaptation. We contribute to filling the knowledge 

gap in two ways. First, by drawing on social exchange theory (SET) the paper tests the hypothesis that 

the farmer-buyer relationship is positively associated with the farmer’s adaptive capacity. 

Second, the paper attempts to answer the question of how farmer-buyer relationships improve climate 

change adaptation. Our study focuses on one managerial characteristic that reflects the farmer’s 

cognitive traits and decision-making style (Boling et al., 2016), namely entrepreneurial orientation (EO) 

(Lumpkin and Dess, 1996). EO reflects the extent to which the farmer as the farm decision-maker 

identifies opportunities even when faced with climate change; EO is an expression of innovativeness, 
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risk-taking, and proactiveness traits (Lumpkin and Dess, 1996; Morgan et al., 2016). Against this 

backdrop, this paper tests the hypothesis that farmer EO mediates the relationship between the farmer-

buyer relationship and the farmer’s adaptive capacity. In other words, we conjecture that the nature of 

the farmer-buyer relationship encourages the farmer to be innovative, proactive and take calculated 

risks in the face of climate change, in turn, contributing to the farmer’s adaptive capacity as exhibited by 

the adoption of climate-smart agriculture.  

We make use of household survey data collected from 792 smallholder farms within the Kenyan potato 

supply chain. Potato is the second most important crop in Kenya after maize contributing to household 

food security, livelihoods and economic development (Okello et al., 2017). Like other crops, potato is 

adversely affected by climate change, yet, limited research efforts have been directed to understand the 

mechanisms through which potato farmers adapt. 

This paper makes three contributions to the literature. First, it contributes to the scholarly work on the 

supply chain management and relationship marketing literature by applying SET to understand the effect 

of the farmer-buyer relationship on the farmer’s adaptive capacity. Secondly, a large body of literature 

presents market access as an opportunity for enhancing adaptation to climate change (Bryan et al., 

2009; Eakin et al., 2011). We posit that it is not only market access that matters for climate change 

adaptation, but also the business relationships that farmers and buyers develop and maintain. Third, by 

studying the effect of the farmer-buyer relationship on climate change adaptation, we contribute to the 

recent calls to take a relational view in research on adaptation to business challenges (Canevari-Luzardo 

et al., 2019; Kamalaldin et al., 2020). 

The paper is structured as follows. Section 2 presents a brief theoretical background leading to the 

formulation of hypotheses regarding the association among the main constructs. Section 3 explains the 

research methodology used to collect and analyze the data. This is followed by the presentation of the 

results in section 4. In the final sections, we discuss the implications, study limitations and 

recommendations for future research. 
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5.2 Theoretical background and hypotheses 

5.2.1 Adaptive capacity 

Adaptive capacity refers to the potential of actors to convert existing resources into successful 

adaptation strategies (Marshall et al., 2013). A stream of literature exists that examine the role of 

business relationships in shaping adaptive capacity (Canevari-Luzardo et al., 2019; González-Mon et al., 

2019; Guercini et al., 2014; Gulati et al., 2005). Business relationships are important for accessing and 

sharing resources, and for aligning activities of the two businesses involved. Collaborative business 

relationships improve coordination among businesses and this not only impacts positively to the 

business performance but also the ability to adapt to business risks and shocks (Gulati et al., 2005). 

There are at least three aspects that signify a higher level of adaptive capacity (Marshall et al., 2013; 

Marshall et al., 2012) these include; the extent of management of risks and uncertainties; the skills in 

planning and organising; and the interest in adapting to change. For farmers, the ability to manage 

climate risks and uncertainties reflect the options and opportunities available for adaptation. These 

include the resources, relationships and skills that the farmer can take advantage of to adapt to climate 

change (Marshall et al., 2014). A key component of risk management ability is risk perception which is 

related to individual experience, knowledge, and access to resources and the support available (Taylor, 

2003). As such, risk-taking behaviour – one of the dimensions of EO – may explain the difference in the 

ability to manage climate risks and uncertainties among farmers. Farmer-buyer relationship presents 

opportunities through which the risk-taking behaviour can be shaped and hence the ability to manage 

climate risks is determined. This is because the farmer-buyer relationship provides opportunities to 

access resources and knowledge that would otherwise be inaccessible to the farmers (Canevari-Luzardo 

et al., 2019)  and provide incentives for the investment of own or borrowed resources into uncertain 

climate adaptation practices (Canevari-Luzardo, 2020). 

The level of skills in farm planning and organising denotes the capacity to anticipate, prepare and 

respond to current and future climate challenges. It is a function of the ability to innovate and respond 

proactively to make the most of the available resources and opportunities. Without the skills to plan and 

learn from previous occurrences, any response to change will be reactive (Marshall et al., 2014). 

The interest in adapting to change is an aspect of adaptive capacity that reflects the readiness and 

dedication to learn about how to respond to change (Marshall et al., 2014). The interest to adapt to 

change enables farmers to identify the sources and consequences of change, and the potential response 

strategies (Howden et al., 2007). The farmer-buyer relationship may influence the interest in adapting to 
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climate change by providing incentives and confidence to invest in learning, new knowledge and skills 

(Marshall et al., 2011). 

Overall, the farmer’s adaptive capacity represents the ability to manage climate risks and uncertainties; 

the skills in planning and organising; and the level of interest in adapting to climate change. 

 

5.2.2 Social exchange theory underpinning the farmer-buyer relationship 

Social exchange theory (SET) was originally proposed by Homans (1958) and it grew at the intersection of 

economics, sociology and psychology. It was developed to understand the social behaviour between 

actors’ in economic exchanges. In SET, relationships are viewed as a series of repeated exchanges that 

rely on reciprocity such that favourable actions are rewarded while the unfavourable ones are punished 

(Blau, 1964; Griffith et al., 2006). In principle, the comparison between the rewards and punishment lead 

to a decision to continue or terminate the exchange relationships. It is worth noting, however, that 

rewards and punishments can be economic or social, are highly subjective, dynamic and how they are 

governed vary from relationship to relationship (Lambe et al., 2001). 

Generally, the governance of transactions in exchange relationships can be formal and/or informal 

(Williamson, 1979). On the one hand, for formal governance, contractual arrangements are used to 

govern the transactions between exchange parties (Jia et al., 2020). On the other hand, informal 

governance uses norms and social mechanisms to govern the transactions (Villena et al., 2011). 

Distinguishing between the two forms of governing transaction in exchange relationship helps in 

understanding the nature and the role that farmer-buyer relationship plays in strengthening the farmer’s 

adaptive capacity. This is because how transactions in exchange relationships are governed influence the 

behaviour of the exchange parties (Bodin and Crona, 2009; Villena et al., 2011).  

While formal governance through contractual arrangements is well established in the agri-food industry, 

research on informal governance remains scant (Boniface, 2012), particularly in SSA (Mutonyi et al., 

2018). In China, considerable strides have been made to understand informal exchange through the 

study of guanxi relationships (Dong et al., 2017; Lu et al., 2008; Niu et al., 2020). 

The informal governance of exchange relationships, especially between farmers and buyers, is relevant 

for SSA where market-supporting institutions and formal structures are absent or underdeveloped 

(Sydow et al., 2020). There is, therefore, a need for a deeper understanding of how informal governance 

of transactions can be leveraged to support climate change adaptation (Canevari-Luzardo et al., 2019). 
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From a SET perspective, informal mechanisms play crucial roles in governing transactions, such that, the 

outcomes of the exchange relationship depend on the relational commitment, satisfaction, power-

dependency among others (Anderson and Weitz, 1992; Anderson and Narus, 1984; Lambe et al., 2001). 

Relational commitment refers to the willingness of an actor to invest financial, physical or social 

resources in a relationship (Morgan and Hunt, 1994). These resources may be invested in adapting to 

challenges facing the business. According to Krause et al. (2007) relational commitment improve the 

business performance of both the selling and buying parties by encouraging the parties to invest their 

limited resources.  

Relational satisfaction refers to the overall evaluation of an exchange relationship based on relationship 

outcomes both economic and social (Geyskens et al., 1999). In this paper, relational satisfaction is the 

cumulative effect developed throughout repeated exchange transactions and not only an outcome of 

one specific transaction (Anderson et al., 1997). In this perspective, satisfied actors are less likely to exit 

the relationship through switching to other buyers, instead, they are more likely to nurture the 

relationship by investing in their businesses (Brown et al., 2020; Murphy and Sashi, 2018). Accordingly, 

Brown et al. (2020) showed that relational satisfaction is an important element of SET which acts as an 

incentive for transaction-specific investments.  

Power-dependency is the ability of an actor to influence another actor’s behaviour (Cox et al., 2002; 

Hunt and Nevin, 1974) implying that the less powerful actor relies on the powerful actor (Anderson and 

Narus, 1990). Power-dependency is central in exchange relationships as it is a means through which an 

actor can modify or influence the behaviour of another actor in a relationship (Caniëls and Gelderman, 

2007; Zhao et al., 2008). In times of business shocks, power-dependency shapes access to and control 

over resources necessary to generate innovative activities for adaptation (Jean et al., 2012). It also 

influences the sharing of risks and value generated between exchange partners (Touboulic et al., 2014). 

Two sources of power-dependency can be identified: (i) structural power-dependency which is the 

power exerted by one actor on another because of the resources they possess and control, and (ii) 

behavioural power-dependency is the power exerted by one actor on another through behavioural 

manipulation (Caniëls and Roeleveld, 2009). For instance, on the one hand, if one actor can provide 

financial support to another actor in an exchange relationship, the actor with financial resources may 

dictate where and how the finance is to be invested. On the other hand, actors with market information 

may use the information to manipulate the other actors in the exchange (i.e. by creating an artificial 

glut). Regardless of the source of power, Molm (1991) has shown that power-dependency has diverse 

outcomes, for instance, they found that the use of power by one party to the disadvantage of the other 
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party to the exchange creates dissatisfaction. In other words, even when the opportunities for short 

term gains from exercising power may be accrued, the long term continuation of the exchange 

relationship is negatively affected. Exercising absolute power by one actor may have negative impacts on 

long range planning and organising for the other actor in the relationship. Structural power-dependency, 

for instance, has been shown to create lock-in situations where one party to the exchange is heavily 

dependent upon another party (Narasimhan et al., 2009; Schmitz et al., 2016). In addition, Nyaga et al. 

(2013) and Wang et al. (2008) have found that asymmetric power-dependency negatively affects the 

behaviour of actors and business outcomes, and this may create dissatisfaction and conflict leading to 

relationship collapse and a diminished ability of businesses to adapt to changes. 

Taken together, the relationship between farmers and buyers consist of three elements: relational 

commitment, relational satisfaction and power-dependency. From a farmers perspective, we postulate 

that the nature of the relationships that emerge between farmers and buyers are associated with 

climate change adaptation through improving the farmer’s adaptive capacity. Hence, we test the 

following hypothesis: 

 H1: The farmer-buyer relationship is positively associated with farmer’s adaptive capacity 
  

5.2.3 The mediating role of farmer EO  

Whereas we have hypothesized an association between the farmer-buyer relationship and farmer’s 

adaptive capacity, certain conditions may augment or constrain this association. Cognitive characteristics 

of the farmers and buyers as the main decision-makers of their respective businesses are examples of 

such conditions. One such cognitive characteristic important in this context is the entrepreneurial 

orientation (EO) (Boling et al., 2016). EO plays a key role as it determines the ability to access and 

organise resources to take advantage of emerging opportunities and overcome business challenges 

(Jiang et al., 2016). For this study, we hypothesize that EO mediates the relationship between farmer-

buyer relationship and adaptive capacity. As a mediator, EO represents the decision-making style that is 

influenced by the nature of farmer-buyer relationship and in turn, it influences entrepreneurial 

behaviour towards climate change adaptation (Morgan et al., 2016).  

EO has gained significant attention as a key construct in the entrepreneurship literature at both the firm 

and individual levels (Ferreira et al., 2015; Jocic et al., 2021). EO reflects the ability to continuously 

exhibit innovative, risk-taking and proactive behaviour (Lumpkin and Dess, 1996). EO enable business 

managers to adapt by reorganising resources and enabling access to necessary for adaptation (Giunipero 

et al., 2005; Rosenbusch et al., 2011). 
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Innovativeness is the propensity to experiment adopt and use new practices, products and technologies. 

Risk-taking depicts the willingness to commit scarce resources to activities and projects in uncertain 

environments (Lumpkin and Dess, 1996). Proactiveness is an opportunity-seeking behaviour reflecting 

the ability to try and adopt new practices before others in response to emerging needs and 

opportunities, and to adapt to changes (Lumpkin and Dess, 1996). Faced with climate change, farmers 

may exhibit risk-taking behaviour by investing in finance-intensive adaptation strategies, experimenting 

with new practices and technologies before other farmers. 

The level of innovativeness, proactiveness and risk-taking is largely influenced by the businesses 

relationships that exchange parties are embedded in (Day et al., 1998; Kusa et al., 2018). We posit that 

when the farmer-buyer relationship is believed to be reliable and effective, then the EO of both the 

farmers and buyers flourishes. Thus, from the farmer’s perspective, we postulated that farmer-buyer 

relationship facilitates the growth and development of farmer EO which in turn improves the farmer’s 

adaptive capacity. Therefore, we test the hypotheses that; 

 H2: The farmer-buyer relationship is positively associated with farmer EO 

 H3: Farmer EO is positively associated with farmer’s adaptive capacity 

From the foregoing, the study hypothesizes that farmer EO is the mechanism through which the farmer-

buyer relationship influence the farmer’s adaptive capacity. In other words, rather than testing the direct 

effect of farmer-buyer relationship on the farmer’s adaptive capacity, we posit that farmer EO 

(consisting of the three dimensions; innovativeness, proactiveness and risk-taking) mediate the 

association between the farmer-buyer relationship and farmer’s adaptive capacity. This hypothesis is 

consistent with that of Rosenbusch et al. (2011) and Khedhaouria et al. (2014) who found that overall, 

the external environment influence EO, in turn, EO  transforms the advantages provided by the 

environment into business opportunities. Thus, the following hypothesis is tested; 

H4: Farmer EO mediates the association between the farmer-buyer relationship and the 
farmer’s adaptive capacity. 

The theoretical model guiding this research is illustrated in Figure 1. 

 

 

 

 

 

 



Chapter 5

108 
 

 

 

 

 

 

 

 

  

 

Figure 1. Theoretical model 

 
5.3 Research design 

5.3.1 Sample and data collection 

To test the hypotheses advanced in this paper, we collected data from smallholders within the potato 

supply chain in Kenya. We first developed a questionnaire based on previous empirical and conceptual 

studies. Second, we pretested the questionnaire to check the wording and ease of understanding of the 

questions. Based on feedback from the pretesting exercise, some of the questions were reworded for 

easy understanding. Third, a random sample of 792 potato farmers was interviewed by a team of trained 

enumerators. The survey was conducted between June to August 2019 in Meru and Nakuru counties, 

which represent two of the main potato producing counties of Kenya. 

 

5.3.2 Variables and measurements 

The variables and measurements used are based on previously validated measures which we adapted to 

our context to improve content reliability and validity. From the proposed theoretical model, the 

dependent variable is the farmer’s adaptive capacity measured in terms of three aspects of farmer’s 

ability to manage climate risks and uncertainties; the level of skills in planning and organising; and the 

level of interest in adapting to climate change. These measures were adapted from previous studies 

(Marshall et al., 2016; Marshall et al., 2013).  

The independent variable is the farmer-buyer relationships measured as a latent construct comprising of 

three elements identified in the SET: relational commitment, power-dependency and relational 

satisfaction. These measures have been used previously to understand farmer-buyer relationships (Batt, 
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2003; Dlamini-Mazibuko et al., 2019; Morgan and Hunt, 1994). The mediator variable is the farmer EO 

which is measured as a multidimensional construct comprising of three dimensions namely 

innovativeness, proactiveness and risk-taking. These measures of EO have been used previously (Ciampi 

et al., 2021; Kreiser et al., 2012; Lumpkin and Dess, 1996). All the items used were measured on a 7-

point Likert scale, with 7 representing strongly agree, and 1 representing strongly disagree. 

We also included a set of control variables to account for other factors that may influence the farmer’s 

adaptive capacity. Specifically, the control variables included are the farmer’s age, gender, education, 

land size and membership in farmer organizations. Previous studies have shown that these farmer and 

farm characteristics may influence the farmer’s ability to adapt to climate change (Asfaw et al., 2016). 

 

5.3.3 Common method bias 

Given that the data was collected through a household survey, a common method bias (CMB) may be a 

concern. CMB is a situation where the survey tool and the measurement method cause the observed 

effects rather than the actual association between the various indicators under study. This may cause 

the indicators to share some proportion of variation (Podsakoff et al., 2003). To minimize this concern, 

we applied some procedural remedies. First, the respondents were informed at the beginning of the 

interview that their identities will be kept private and confidential and therefore it would not be possible 

to trace the responses back. Second, the respondents were informed that no answer was right or wrong, 

that it only represented their situation. Third, we adapted the question items to fit our context and 

pretested the tool to ensure a common understanding among participants. Fourth, we divided the 

questionnaire into three sections; farmer-buyer relationship, farmer EO and adaptive capacity. Each of 

these sections was followed by unrelated questions to minimize the possibility of the participants making 

a systematic connection between sections. 

In addition to the above remedies, we conducted Harman’s single-factor test which tests the extent to 

which CMB is a concern (Chang et al., 2010; Podsakoff et al., 2003). Harman’s single-factor test requires 

that all items are loaded in one factor and an unrotated solution should not account for the majority of 

the variance (over 50%) (Podsakoff et al., 2003). Our results show that a single and an unrotated factor 

accounts for about 18% of the variance. This indicates that CMB is not a concern in this study.  
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5.4 Data analysis and results 

Following Anderson and Gerbing (1988) two-step structural equation modelling approach, we first test 

the measurement model through confirmatory factor analysis (CFA). Second, once a satisfactory 

measurement model is identified, we test the hypothesized relationships through the structural model.  

 

5.4.1 Measurement model 

As a first step, we checked the multicollinearity in the data, results show that the variance inflation 

factor (VIF) is less than 2 suggesting no multicollinearity issue. Second, using AMOS version 25.0, we test 

the reliability and validity of the indicators used. To proceed with the measurement model the following 

criteria need to be met, factor loadings > 0.70, AVE >0.50, Cronbach's alpha (∝)  and CR > 0.70 (Hair et 

al., 2016). Table 1 presents the measurement results which include the items factor loadings, Cronbach's 

alpha (∝) values, the average variance extracted (AVE) and the construct reliability (CR). 

From the results in Table 1, two items were deleted to improve the construct validity; one for 

proactiveness and one for risk-taking. The Cronbach alpha values, CR and AVE of the remaining items are 

all within the acceptable limits indicating that the data achieved satisfactory convergence and 

discriminant validity. 
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Table 1. Construct reliability and validity 
Farmer-Buyer relationship  Loadings 
Relational satisfaction (∝= 0.850; CR= 0.846; AVE= 0.525)   
Trading with my major buyer involves low market risk 0.705 
There is good cooperation between me and my major buyer 0.813 
My major buyer meets my expectations 0.767 
My major buyer treats me fairly 0.620 
My major buyer is honest 0.704 
Power-dependency (∝= 0.868; CR= 0.870; AVE= 0.627)   
I am free to choose another buyer at anytime 0.727 
My major buyer has better offers than other buyers 0.902 
If my relationship with my major buyer was terminated, I would find it difficult to find an alternative 
buyer of my produce R 

0.764 

My major buyer controls all the information regarding our trading relationship R 0.763 
Relational Commitment (∝= 0.951; CR= 0.951; AVE= 0.866)   
I expect the relationship with my major buyer to continue for a long time 0.922 
I am committed to the relationship with my major buyer 0.949 
I have invested considerable effort and resources to build a relationship with my major buyer 0.921 
Farmers’ adaptive capacity 

 

Management of climate risks (∝= 0.916; CR=0.917; AVE= 0.786) 
 

If the climate changes, there is much I can do to respond 0.915 
Climate change brings many opportunities 0.854 
Given the changing climate, I feel I have the ability to adapt 0.890 
Level of skills in planning and organizing (∝= 0.897; CR= 0.748; AVE= 0.899)   
If climate changes, I just hope for the best R 0.886 
Current approaches for dealing with climate change are sufficient 0.885 
I do not believe in long term planning, things are too uncertain R 0.821 
Level of interest in adapting to climate change (∝= 0.708 CR= 0.726; AVE= 0.575)   
I am interested in learning about the effects of climate change on my farm 0.635 
I am interested in learning new farming skills 0.864 
Farmer Entrepreneurial Orientation 

 

Risk-taking (∝=  0.917; CR= 0.918; AVE= 0.848)   
I prefer to stick with my current farming practices rather than trying new ones R 0.945 
With the current challenging farming environment, I prefer to avoid further investment in my farm R 0.895 
I am always ready to try new farming practices 
Innovativeness (∝= 0.865; CR= 0.871; AVE= 0.693) 

 

I like to use new farming practices 0.897 
I often improve my farming practices 0.840 
I like to have the latest information on farming practices 0.754 
Proactiveness  (∝= 0.882; CR= 0.891; AVE= 0.805)   
I respond more quickly to changes in the farming environment compared to other farmers 0.983 
I am among the first farmers to adopt new farming practices in my village 0.802 
I am constantly looking out for new ways to improve my farm 

Notes: ∝ Crombach alpha; CR = construct reliability; AVE = average variance extracted 
R reversed items; items in italics were dropped because of low factor loadings <0.6 
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Next, we assessed the measurement models (CFA). Both first-order and second-order CFA models were 

estimated. A combination of fit indices is recommended to provide evidence of a satisfactory model fit. 

Hu and Bentler (1999) recommend fit indices and their cut-off criteria, these include chi-square/df,  

comparative fit index (CFI), root mean square error of approximation (RMSEA), standardized root mean 

squared residual (SRMR) and pclose.  

Both the first-order and second-order CFA models exhibit good model fit by all criteria mentioned above. 

We adopt the second-order CFA for our analysis. Table 2 presents the results of the second-order CFA 

model. (See Appendix Table A1 for the details of the first-order CFA model). 

 

Table 2. Second-order confirmatory factor model  

Measure Estimate Threshold Interpretation 
Chi-square 766.84 -- -- 
DF 309 -- -- 
CMIN/DF 2.482 Between 1 and 3 Excellent 
CFI 0.965 >0.95 Excellent 
TLI 0.960 >0.95 Excellent 
RMSEA 0.043 <0.06 Excellent 
SRMR 0.064 <0.06 Excellent 
PClose 0.998 >0.05 Excellent 

Note: TLI = Tucker-Lewis index; CFI = comparative fit index; RMSEA = root mean square error of approximation; SRMR = 
standardized root mean squared residual; DF = degrees of freedom 
 

The summary statistics of the control variables used in the study are presented in Table 3. 
 
Table 3. Farmer and farm characteristics  

Variable Description Mean Std. Dev. Min Max 
Age Age of the farmer in years (Years) 49.55 12.67 20 89.00 
Gender Gender of the farmer (1= Male; 0= Female)  0.53 0.50 0 1.00 
Education Years of formal education of the farmer (Years) 9.14 3.36 0 20.00 
Total land size owned Total land owned by the farmer (Ha) 1.21 1.61 0 20.24 
Years growing potato Number of years growing potato (Years) 17.91 12.23 1 60.00 

Membership in FO  A member of potato farmer organisation (1= 
Yes; 0= No) 0.63 0.48 0 1.00 

Observations Number of observations 792    
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5.4.2 Structural model and hypotheses testing  

To estimate the structural model including the mediation effects James and Brett (1984) recommends 

the use of the structural equations approach adopting a maximum likelihood approach. To do this, we 

follow MacKinnon et al. (2002) and Collier (2020) procedure of simultaneously estimating the path from 

the farmer-buyer relationship to the farmer's adaptive capacity through the farmer EO (the mediator) as 

illustrated in Figure 1. Given the lack of solid theory linking the association between the nature of 

farmer-buyer relationship and the farmer’s adaptive capacity, it is advisable to constrain the direct 

effects to 0 when testing mediation (James et al., 2006). 

The control variables were included in the structural model and regressed on the dependent variable 

(farmer's adaptive capacity). All the control variables and the independent variable (farmer-buyer 

relationship) were allowed to covary. The results of the structural model indicate that a good model fit 

was achieved as shown by the fit indices of chi-square/df = 2.833; CFI = 0.940; RMSEA =0.048; SRMR = 

0.069 and pclose = 0.838. 

To test the mediation hypothesis, we conducted bootstrapping with 2000 samples and bias-corrected 

confidence intervals of 95% level to get accurate standard errors as recommended in Shrout and Bolger 

(2002).  

Table 4 presents the results of the direct effects. The results provide support for two hypotheses H2 and 

H3 but fail to support one H1.  

 

Table 4. Direct effects  

Causal path Path coefficient S.E Decision 
H1: Farmer-buyer relationship  ---> Farmers’ adaptive 
capacity 0.095 0.121 

Not supported 
H2: Farmer-buyer relationship  ---> Farmer EO 0.151*** 0.048 Supported 
H3: Farmer EO ---> Farmers’ adaptive capacity  0.810*** 0.619 Supported 

Control variables   

 

Age -0.004 0.006 
Gender 0.115 0.096 
Education 0.042*** 0.018 
Land size 0.029 0.028 
Years of experience growing potato 0.008* 0.005 
Membership in potato farmer organization  0.291*** 0.126 

Note:  * p<0.10, ** p<0.05, *** p<0.001;  
S.E = Standard Errors;  
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Second, we perform mediation analysis (indirect effects) while accounting for the control variables. The 

mediation analysis captures the association between farmer-buyer relationship and the farmer’s 

adaptive capacity via the farmer EO. 

To test the hypothesis that farmer EO mediates the association between farmer-buyer relationship and 

farmer’s adaptive capacity, we rely on the parameter estimates for the path from farmer-buyer 

relationship to farmer’s adaptive capacity via the farmer EO while setting the direct path from farmer-

buyer relationship to farmer’s adaptive capacity to zero. A mediation hypothesis is supported if the 

causal path from the independent variable (farmer-buyer relationship) to the mediator (farmer EO) and 

from the mediator to the outcome variable (farmer’s adaptive capacity) are jointly not equal to zero 

(MacKinnon et al., 2002). 

Table 5 presents the results of the mediation analysis. The results show that the hypothesis is supported 

suggesting that farmer EO fully mediates the association between farmer-buyer relationship and 

farmer’s adaptive capacity. 

 

Table 5. Mediation effects  

Causal path 
Path 

coefficient S.E Decision 
Mediation 

type 
H4: Farmer-buyer relationship ---> Farmer EO ---> Farmer’s adaptive 
capacity  

 
0.123***  

 
0.116  Supported  

Full 
mediation 

Note: Mediation effects using the bootstrap method with 2000 iterations, with two-tailed BC 95% CI 
* p<0.10, ** p<0.05, *** p<0.001; S.E- Bootstrap Standard Errors 

 
 
 

5.5 Discussion 

This study contributes to the climate change adaptation literature by examining the role played by the 

farmer-buyer relationship. Existing literature has paid limited attention to whether and how the farmer-

buyer relationship and broadly the value chain relationships are associated with the farmer’s adaptive 

capacity (Canevari-Luzardo, 2019). We attempt to understand the role of farmer-buyer relationship 

through the social exchange theory (SET). Like previous studies that have applied the SET (Lambe et al., 

2001; Luo and Donthu, 2007; Mora Cortez and Johnston, 2020), we identified three elements of SET that 

collectively define the nature of farmer-buyer relationship and posit that the farmer-buyer relationship is 

associated directly or indirectly to farmer’s adaptive capacity. This study tests the theoretical model 

using the case of smallholder potato farming in Kenya.  

Generally, the results provide evidence that the farmer-buyer relationship is not directly associated with 

the farmer’s adaptive capacity (as shown by the insignificant direct path coefficient in Table 4). However, 
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the association between farmer-buyer relationship and the farmer’s adaptive capacity is fully mediated 

by farmer EO (as shown by the significant indirect path coefficient in Table 5). This implies that for the 

farmer-buyer relationship to affect the farmer’s adaptive capacity, the relationships need to undergo 

some transformation and be used strategically. The findings indicate that one way of transforming 

farmer-buyer relationship to improve the farmer’s adaptive capacity is by a farmer exploiting her 

entrepreneurial orientation (Ciampi et al., 2021; Rosenbusch et al., 2011).  

From the farmer’s perspective, the findings suggest that when farmers perceive the relationships with 

the buyers to be characterised by relational satisfaction, relational commitment and symmetrical power-

dependency, then the farmers are motivated to take calculated risks, act innovatively and proactively in 

running the farm business. This, in turn, improves climate risk management, improves farm planning and 

organisation and stimulates the interest in climate change adaptation.  

Our findings support the idea that when facing economic and environmental risks, the ability to adapt is 

a function of the business relationships that business partners develop and maintain (Canevari-Luzardo 

et al., 2019). Our study provides evidence that farmer-buyer relationship improves the farmer’s adaptive 

capacity by supporting the development of farmer EO. 

 

5.6 Implications 

5.6.1 Theoretical and managerial implications 

Despite increased scholarly work examining the buyer-seller relationship, the specific form of farmer-

buyer relationship remains underexplored (Gorton et al., 2015; Mutonyi et al., 2018). The effect of 

farmer-buyer relationship is worth examining because the ability of businesses to overcome challenges 

and improve performance depend on the nature of relationships that business partners develop and 

maintain (Canevari-Luzardo, 2020). This paper contributes to the wider buyer-seller relationship 

literature by theorizing and empirically testing the association between the farmer-buyer relationship 

and farmer’s adaptive capacity using a case of smallholder potato farming in Kenya. It is worth noting 

that in emerging markets, such as Kenya, the agriculture sector is dominated by smallholders who face 

diverse and dynamic market relationships compared to farmers in developed economies. Particularly, 

the market environment in emerging markets is characterized by limited or absent market support 

infrastructure and a weak functioning regulatory system that create institutional voids. With such 

institutional voids, informal mechanisms are increasingly being used to govern business relationships. 
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Our findings show that the association between the farmer-buyer relationship and farmer’s adaptive 

capacity is significant only in the presence of farmer EO. We thus contribute to the literature at the 

intersection of buyer-seller relationship, entrepreneurial orientation and climate change adaptation. 

First, for the entrepreneurship literature, our study advances to the work of Covin and Lumpkin (2011) 

who present EO as a “needed construct” in times of change. This study shows that farmer EO is the 

mechanism through which the farmer-buyer relationship improve climate change adaptation. Consistent 

with Lumpkin and Dess (1996) farmer EO is presented as the farmer traits and managerial styles that are 

used to leverage on the relationships with buyers and thus enhancing the ability to adapt to climate 

change. Second, we show that the farmer-buyer relationship may be viewed as an antecedent of farmer 

EO. This corroborates with the findings of Xhoxhi et al. (2021) who found that farmer EO is shaped by the 

relationship that they build and maintain with their buyers. Furthermore, our finding strengthens the 

argument by Rwehumbiza and Marinov (2019) that informal institutions in Kenya and Tanzania shape 

entrepreneurial orientation. Third, relating to contribution to the buyer-seller relationship literature, this 

study is one of the first to apply social exchange theory to understand the effect of the farmer-buyer 

relationship on climate change adaptation in Sub-Saharan Africa. 

From a managerial perspective, the findings offer valuable insights for farmers, supply chain managers, 

policy and development community. The findings suggest that farmer-buyer relationship need to be 

developed, maintained and nurtured as they enhance farmer EO which in turn improve farmer’s 

adaptive capacity. There is thus scope for governments and development practitioners to provide an 

enabling environment that supports the formation and nurturing of business relationships between 

smallholders and buyers. One potential avenue for improving the relationship between farmers and 

buyers is through farmers leveraging on membership in farmer organizations to increase their bargaining 

power, minimize power asymmetry and opportunistic behaviour (Hulke and Revilla Diez, 2020). For the 

development practitioners and supply chain managers, there is a need for a shift from focusing not only 

on improving market access but also on building and nurturing the business relationships as we have 

shown that farmer-buyer relationship matters for climate change adaptation. 

 

5.7 Limitations and suggestions for future research 

Our empirical findings need to be considered in light of the research limitations this study faced. First, 

the findings of this study are context-specific, that is, the case of smallholder potato farming in Kenya. 

Since smallholder farmers in Africa are heterogeneous and embedded in multiple types of relationships 

with multiple buyers, the findings need to be taken with caution when generalizing. We suggest that 
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since smallholders perform mixed farming, there is a need for future studies to examine the whole farm 

as opposed to a specific farming component as we did.  

Second, given that farmer-buyer relationships specifically, those governed by relational norms are 

shaped, grow and mature over time, the cross-sectional study design adopted in this study makes it 

challenging to account for relationship dynamics and associations over time. Future studies could benefit 

from testing the proposed theoretical model by applying a longitudinal study design that better captures 

the relationship dynamics and associations over time. Related to this, an important question for future 

research is how to develop and maintain farmer-buyer relationships that are flexible and adaptable to 

changes over time while they remain stable to facilitate the development of entrepreneurial orientation. 

Third, this study takes only the farmers’ perspective, thus the implications drawn are limited to the 

farmers’ views of the farmer-buyer relationship. Studying the proposed theoretical model from both the 

farmer and the buyer side of the dyad may provide a more nuanced explanation of the proposed 

theoretical relationships, we leave this for the future.  

  

 

 

 

Appendix  
Table A1. First-order confirmatory factor model  

Measure Estimate Threshold Interpretation 

Chi-square 603.806 -- -- 
DF 285 -- -- 
CMIN/DF 2.119 Between 1 and 3 Excellent 
CFI 0.975 >0.95 Excellent 
TLI 0.97 >0.95 Excellent 
RMSEA 0.038 <0.06 Excellent 
SRMR 0.042 <0.08 Excellent 
PClose 1 >0.05 Excellent 
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Chapter 6 
Discussion and conclusions 

6.1 Introduction  

Climate change is one of the main threats to agricultural productivity, food security and economic 

development in Sub-Saharan Africa (SSA). In this part of the world, the majority of the farmers are 

smallholders facing multiple challenges such as dependence on rain-fed agriculture coupled with 

increasing frequency and severity of harsh weather conditions, missing markets, low technology 

adoption and limited access to production resources (Di Falco, 2014). These challenges make the 

smallholders highly vulnerable to the changes in the farm. Given that food and nutrition security, and 

livelihoods of the farmers in SSA depend directly or indirectly on agriculture, the need for smallholders to 

adapt is high in the agenda of research, development practitioners and policy-makers.  

There are opportunities for smallholders to cope with and adapt to the effects of climate change, this 

includes the adoption of climate adaptation strategies such as climate-smart agriculture (CSA) – a 

strategy which is being increasingly promoted by both governmental and non-governmental 

organizations as a means to meet the “triple-win” benefits of simultaneously enhancing production and 

food security, adapting agriculture to climate change while improving mitigation (Campbell et al., 2014; 

FAO, 2010). Even with the promising benefits of CSA, the ability of smallholder farmers to take 

advantage of the opportunities is hampered by the farmers’ limited adaptive capacity (Asfaw et al., 

2016; Mortreux and Barnett, 2017).  

Coupled with the low adaptive capacity, the future of farmers is uncertain given that the climate 

predictions models indicate that adverse climate events are expected to increase in frequency and 

severity in the coming years (Girvetz et al., 2019; IPCC, 2021). What the predictions models have not 

been able to predict with certainty is the type of adverse climate events likely to happen in the future. 

This uncertainty adds another layer of uncertainty to the future of farmers. For the researchers, 

developments practitioners supporting farmers to adapt to climate change is still a work-in-progress. 

What is apparent is that tackling climate change from a risk management standpoint – identifying 

climate risks and designing interventions to respond – is no longer feasible, given the uncertain future 

(Darnhofer, 2014; Slijper et al., 2020).  

Recently, the concept of resilience has gained traction as an approach to support farmers adapt to the 

uncertain future (Darnhofer, 2014; Slijper et al., 2020). Resilience refers to the ability to ensure the 

provision of farm functions while facing multiple shocks and risks through strengthening the absorptive, 
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adaptive and transformative capacities (Meuwissen et al., 2019; Walker et al., 2004). The focus of this 

thesis is on adaptive capacity one of the building blocks of resilience. Specifically, farmers’ adaptive 

capacity has been identified as one of the reasons for the low adoption of climate adaptation strategies 

in SSA (Arslan et al., 2017; Asfaw et al., 2016). Marshall et al. (2013) describe adaptive capacity as the 

human potential to plan and organize the farm, experiment and learn from previous experience, seize 

opportunities and convert existing resources into effective adaptation strategies. Looked at this way, 

farmers’ adaptive capacity relates to the factors that assist to manage and adjust to changes in the farm. 

In this thesis, we have identified three pathways through which farmers’ adaptive capacity can be 

improved, these are tapping into farmer entrepreneurial orientation, membership and access to FO 

services, and leveraging on farmer-buyer relationships. 

Research such as this conducted to understand the opportunities for improving farmers’ adaptive 

capacity provide a basis for proposing policies, designing effective interventions and investment 

priorities that support climate change adaptation.  

This thesis provides a detailed analysis of the opportunities for improving the adaptive capacity of 

smallholders in Kenya to increase adaptation to climate change. It does so by addressing four specific 

albeit interrelated research questions that were raised in Chapter 1 and comprehensively dealt with in 

Chapters 2 to 5.  

This chapter reflects and summarizes the findings of the thesis. The next sections of this chapter are 

organized as follows. In section 6.2 brief findings to the research questions are provided. Section 6.3 

provides a synthesis of the findings in a broader perspective. Section 6.4 discusses the contribution to 

the literature, followed by the practical implications of the findings in section 6.5. Finally, section 6.6 

provides the concluding remarks and implications for future research.  

 

6.2 Brief findings to the research questions 

The main focus of Chapter 2 of this thesis was to understand the determinants of farm resilience to 

climate change. The review specifically answered the following research question: 

RQ1: What are the determinants of farm resilience to climate change and how can farm resilience be 

improved? 

This research question has been answered through a literature review. From the review, it is evident that 

smallholders in SSA face multiple and complex challenges in agricultural production. One such 

complexity relates to climate change, where the future climatic events cannot be predicted with 
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certainty to enable farmers to plan their response strategies. Therefore, the concept of resilience is 

relevant from policy and development viewpoints as it focuses on building the farmers’ capacity to cope 

with and adapt to the uncertain future (Bennett et al., 2014). Emerging from a wide range of disciplines, 

resilience has been defined as the ability of a system to absorb, adapt or transform in the face of change 

to still retain the same functions, structure and identity (Walker et al., 2004). At the farm level, resilience 

is defined as the ability to ensure the provision of farm functions while facing multiple shocks and risks 

through strengthening the absorptive, adaptive and transformative capacities (Meuwissen et al., 2019). 

From the review, we identified farmers’ adaptive capacity as a fundamental building block for farm 

resilience. Further, in terms of how the farmers’ adaptive capacity can be strengthened to improve farm 

resilience, the review identified three pathways; (i) tapping into the farmer cognitive traits, specifically 

the farmer entrepreneurial orientation (EO) as proposed in Manyise and Dentoni (2021); (ii) membership 

and access to farmer organization services as proposed in Dapilah et al. (2019) and Hulke and Revilla Diez 

(2020); and (iii) leveraging on the relationships that farmers and buyers of farm produce build and 

maintain (Canevari-Luzardo et al., 2019). 

Following the largely explorative literature review in Chapter 2, Chapters 3 to 5 have empirically tested 

the propositions relating to the role of farmer EO, membership and access to FO services and farmer-

buyer relationship in influencing farmers’ adaptive capacity as advanced the literature review. 

Regarding the role of farmers EO, the study assessed in Chapter 3 whether or not the farmer EO 

influence the farmers’ adaptive capacity as manifested by farmers adoption of climate-smart agriculture 

(CSA). The premise is that farmer EO strengthens the farmers’ adaptive capacity, this, in turn, improve 

the adoption of CSA practices. The objective in Chapter 3 is achieved by answering the following research 

question:  

RQ2: Does farmer entrepreneurial orientation matter for smallholders’ adaptation to climate change? 

The main aim of this research question was to understand whether farmer EO matter for CSA adoption 

among smallholder potato farmers in Kenya. Six CSA practices were considered, these are; irrigation, 

changing cultivation calendar, use of certified seed, crop rotation, soil testing and intercropping. The 

study included in the estimation model the three dimensions constituting the farmer EO, these are; risk-

taking, innovativeness and proactiveness in addition to the farm and farmer characteristics and 

institutional factors that have been identified as hindering the adoption of farm technologies (Kassie et 

al., 2013; Kpadonou et al., 2017). First, the results indicate that the three dimensions of farmer EO 

influence the adoption of CSA differently. Specifically, risk-taking is positively associated with the 
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adoption of all the CSA practices except intercropping. Innovativeness is negatively associated with the 

adoption of potato certified seed with no effect on other CSA practices. Proactiveness is positively 

associated with the application of irrigation, changing of the cultivation calendar and application of 

potato certified seed but negatively associated with practising intercropping.  

Second, when the intensity of resources required for the adoption is considered, the results indicate that 

risk-taking is positively associated with the adoption of CSA practices that require skilled labour and 

finance-intensive resources. Innovativeness is negatively associated with the adoption of CSA practices 

that require the adoption of finance-intensive resources. Proactiveness on the other hand displayed 

mixed findings, on the one hand, proactiveness is positively associated with the adoption of CSA 

practices that require finance-intensive resources. On the other hand, proactiveness is negatively 

associated with the adoption of CSA practices that require unskilled labour-intensive resources. Overall, 

the findings are evidence that farmer EO matter for climate change adaptation. 

In addition to the farmer EO, we also examined the role of farmer organizations (FOs) in strengthening 

the farmers’ adaptive capacity. Chapter 4 evaluated the role of membership ad access to FO services on 

the adoption of CSA practices. The following research question was answered:  

RQ3: How do membership and access to FO services impact on smallholders’ adaptation to climate 

change? 

Research question 3 evaluates the impact of membership and access to FO services on the smallholders’ 

adoption of CSA practices. this research question is answered in three stages using a quasi-experimental 

research design. In the first stage, FO member-farmers were compared to non-member farmers on the 

adoption of CSA practices. Overall, the results show that membership (regardless of whether the 

member-farmers accessed FO services or not) increased CSA adoption.  

While this finding is useful both for the policy and development perspectives, studying only the impacts 

of the simple membership dichotomy (i.e. being a member or not) is not very informative considering 

that members differ in access to services from the FO. We, therefore, considered three services that may 

be provided by FOs to strengthen farmers’ adaptive capacity, and thus increase the adoption of CSA. 

These services are; access to credit, extension and market. In the second stage, we estimated the impact 

of access to the three services on CSA adoption, considering (a) members versus non-members and (b) 

members with access to specific services versus members without access to the specific services (within-

membership comparison). The results show that market access had the highest impact on CSA adoption, 

followed by credit and extension, respectively. 
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In the third stage, we conducted conditional analysis where one service is considered conditional on 

access to another service. The results show that the impact of access to credit conditional on access to 

extension is higher compared to the access to credit without extension. Similarly, when access to market 

conditional to access to extension is considered, the impacts as higher than when access to market 

without extension. These findings highlight the role of extension as a service that catalyses credit and 

market to generate additional effects. 

Chapter 4 has analysed the impact of FOs – a form of horizontal collaboration among farmers – on the 

adoption of CSA practices. In chapter 5 the analysis turns to the vertical collaboration in the form of the 

relationship between farmers and buyers of farm produce. The aim is to understand whether and how 

the farmer-buyer relationship is associated with farmers’ adaptive capacity. The following research 

question was answered: 

RQ4: How do farmer-buyer relationship influence smallholder adaptation to climate change? 

In Chapter 5, research question 4 which sought to understand the association between the farmer-buyer 

relationship and farmers’ adaptive capacity was answered. Taking the farmers’ perspective and 

estimating a structural equation model the results show that the relationships between farmers and 

buyers are not directly associated with the farmers’ adaptive capacity. However, when mediated by 

farmer EO, farmer-buyer relationship are positively associated with farmers’ adaptive capacity. From the 

farmers’ perspective, this implies that even when the relationships between farmers and buyers are 

collaborative but farmers do not take advantage by acting entrepreneurially, the relationships may not 

support climate change adaptation.  

 

6.3 Research findings from a broader perspective 

This section provides a synthesis of the findings of the empirical studies from a broader perspective. The 

findings are discussed in relation to two broad scientific debates. First, is the debate on farmer agency 

which is the ability of the farmers to make choices whether individually or collectively in response to 

risks (Bandura, 2001). Specifically, by studying the role of farmer EO in climate change adaptation, we 

contribute to the calls to understand the role of farmers’ agency in strengthening or weakening farm 

resilience to climate change (Brown and Westaway, 2011; Dwiartama and Rosin, 2014). Second, we 

contribute to the emerging debate on the relational approach to farm resilience (Canevari-Luzardo et al., 

2019; Darnhofer et al., 2016). At the farm level, the relational approach allows for identification and 

leveraging on relationships and collaborations that are made and maintained in the value chain. In 
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contributing to the relational view, two forms of value chain collaborations were studied, (a) horizontal 

collaboration represented by the relationships among farmers through membership in farmer 

organizations, and (b) vertical collaboration represented by the relationships between farmers and 

buyers (farmer-buyer relationship). The main findings as summarized in section 6.2 are synthesized in 

light of these three debates.  

 

6.3.1 Research findings from a broader perspective 

Farmer agency has been considered as a key determinant for adaptation climate change (Brown and 

Westaway, 2011). Emphasis on agency helps to underscore the view that farmers are not just passive 

actors in the face of climate change, instead, farmers are farm managers who through their cognitive 

characteristics influence farm adaptation to climate change (McLaughlin and Dietz, 2008). Broadly, 

farmers’ agency is related to the farmers’ adaptive capacity which is the central focus of climate 

adaptation literature and is affected by among others the cognitive abilities of the farmer (Brown and 

Westaway, 2011; Grothmann and Patt, 2005). According to Darnhofer et al. (2016)  and Tanner et al. 

(2014), farm resilience depends on the ability of the farmer to make sense of available options, and to 

navigate uncertainty by experimenting, learning, engaging in networks and collaborating. Within this 

framing, this thesis contributed to the understanding of the role of farmer agency on farm resilience by 

studying farmer EO. To date, studies linking entrepreneurship and resilience exist at a conceptual level 

where the basic question is, which one comes first between entrepreneurship or resilience (McInnis-

Bowers et al., 2017) and have not been contextualized (Vlasov et al., 2018). Our findings suggest that at 

the farm level, farmer entrepreneurship, specifically farmer EO is essential for strengthening farm 

resilience. In this regard, this thesis advocate for the consideration of farmers’ agency such as farmer EO 

in efforts to gain a clearer picture of the factors that strengthen or diminish farm resilience to climate 

change. The premise is that farmer EO improve farmers’ adaptive capacity by enabling farmers to pursue 

entrepreneurial activities.   

 

6.3.2 Farmer organizations and farm resilience 

Farmer organizations (FOs) have been studied widely in SSA as institutional innovations that support 

smallholders in their agricultural production. The general agreement is that FOs fill the gap left by weak 

government institutions such as the departments of extension, credit and those tasked with governing 

markets. FOs fill these gaps by facilitating access to production resources and markets, increasing 

economies of scale and bargaining power (Fischer and Qaim, 2012b; Hellin et al., 2009; Markelova et al., 
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2009). This thesis examined the role of FOs in climate change adaptation, a topic that has received little 

attention despite the smallholders’ limited access to resources necessary for climate change adaptation 

(Hulke and Revilla Diez, 2020; Washington-Ottombre and Pijanowski, 2012). The findings of this thesis 

contribute to the debate on the role of FOs in enhancing farm resilience. The contribution is two-fold, 

first, it responds to the question of whether FOs support farm resilience. Overall, our findings show that 

membership of FOs support smallholders to adapt to climate change. Second, it provides empirical 

evidence to the question of how does FO support farm resilience. The findings show that it is not only 

membership but also the access to production resources from FOs that farm resilience. Overall, our 

findings imply that when studying the impacts of FOs membership is necessary but not sufficient, access 

to services provided by the FOs needs to be considered.  

 

6.3.3 Farmer-buyer relationship and farm resilience 

Relational view emphasizes that there are opportunities for building farm resilience through taking 

advantage of relationships that the farms make and maintain, for instance, the relationship between the 

farmers and the wider social and ecological context (Darnhofer et al., 2016) and value chain 

collaboration (Canevari-Luzardo et al., 2019). In this thesis, the value chain collaboration specifically the 

vertical collaboration in the form of relationships between the farmers and buyers of farm produce were 

examined in light of farm resilience. Empirical results point out that farmer-buyer relationship improves 

farm resilience through strengthening farmer EO. This finding contributes to the emerging debate on the 

relational view of farm resilience. It does this by extending the work of Canevari-Luzardo et al. (2019) 

who show that how the exchange relations are governed (formal or informal), the level of resource-

dependency and the diversification strategies shape the adaptive capacity of the exchange parties. In 

contributing to this debate, we have shown that farmer-buyer relationship and farmers’ adaptive 

capacity are positively associated only when the association is mediated by farmer EO. Broadly, this 

implies that exchange relationships should not be viewed in isolation, rather, the characteristics of the 

exchange parties, such as, the entrepreneurial characteristics need to be considered since they enable 

the parties to make the most out of the relationships that they are embedded in (Darnhofer, 2021). In 

sum, our insights on the relational view contribute to shifting the understanding of resilience from being 

conceptualized as a static characteristic of the farm to a dynamic process that can be influenced by the 

farmer characteristics and the diverse relations developed within and outside of the farm.  
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6.4 Contribution to the literature  

This thesis contributes to the climate change adaptation literature, specifically it identifies farmers’ 

adaptive capacity as an essential building block for farm resilience to climate change. The specific 

contribution to the literature relates the three pathways for improving farmers’ adaptive capacity, 

namely; farmer EO, farmer organizations (FOs) and farmer-buyer relationship. 

 

6.4.1 Farmer entrepreneurial orientation  

This thesis contributes to the technology adoption literature particularly relating to the adoption of 

climate change adaptation strategies. Over the last decades since the works of Feder et al. (1985), 

researchers have increasingly studied the factors that influence the adoption of farm technologies and 

innovations (Gebremariam and Tesfaye, 2018; Kassie et al., 2013; Kpadonou et al., 2017; Kumar et al., 

2020). These studies largely examine the role of farmer and farm characteristics and institutional factors 

in the adoption decisions. However, while the farmer and farm characteristics, and institutional factors 

play important roles in the adoption decisions, the role of farmer cognitive and behavioural 

characteristics have remained underexplored (Dessart et al., 2019; Grothmann and Patt, 2005). A 

handful of studies have attempted to incorporate some cognitive traits such as farmers’ risk attitudes (Ali 

et al., 2019; Barham et al., 2014; van Winsen et al., 2014), farmers’ aspirations (Mausch et al., 2018; 

Mojo et al., 2016) and preferences (Jaeck and Lifran, 2014; Martey et al., 2021). Consistent with the 

recent work of Morris et al. (2017) and Barzola Iza and Dentoni (2020) we argue in this thesis that 

adoption decisions are not only influenced by farmers’ risk, preferences and aspirations, but other 

cognitive traits also need to be considered, these include among others farmer innovativeness and 

proactiveness. We contribute to the technology adoption literature by incorporating farmers’ risk-taking, 

innovative and proactive behaviour which altogether constitute the farmer entrepreneurial orientation 

(Lumpkin and Dess, 1996). Relating to climate change adaptation, the basis is that farmer EO enhance 

farmers’ adaptive capacity and this increase the ability of farmers to adopt climate adaptation strategies. 

The insights gained from incorporating farmer EO into adoption literature in our view provide a wider 

overview of the factors that may promote or hinder the adoption of farm innovations.  

 

6.4.2 Farmer Organizations 

Although examining the role of farmer organizations (FOs) in supporting smallholders is not a new 

phenomenon (Bizikova et al., 2020; Grashuis and Su, 2019), little research has been conducted to unravel 

the mechanism through which FOs support their members. Often, there is a strong assumption that once 
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farmers join FOs they are guaranteed the benefits. In practice, this is not always the case, for instance, 

Pascucci et al. (2011) showed that membership varies depending on access to the benefits provided by 

FOs to members, as such two membership categories were identified; (i) membership with product 

delivery – strong membership and (ii) membership without product delivery – soft membership. Besides, 

Bernard and Spielman (2009) and Mwambi et al. (2020) have provided evidence that some FO members 

based on their gender, poverty levels and farm location are excluded in the governance of FOs. Arguably, 

this exclusion may equally have implications for the member access to FO services. In this thesis, we 

argue that membership does not sufficiently explain the impact of FOs, instead, there is a need to 

disentangle whether indeed the members used the services provided by the FO. In an attempt to fill this 

knowledge gap, Chapter 4 of this thesis examined the role of membership and access to FOs services on 

the adoption of climate adaptation strategies. Our study contributes to the FO literature in two ways, 

first, it responds to the recent call by Grashuis and Su (2019) for an improvement in the empirical 

methodologies to allow for robust analysis of the impacts of FOs. Second, we contribute to the limited 

understanding of the role of FOs in climate change adaptation. Consistent with the findings of Hulke and 

Revilla Diez (2020) we show that the services provided by FOs improve the member farmers’ adaptive 

capacity.  

 

6.4.3 Farmer-buyer relationship 

While buyer-seller relationship has been extensively studied, at least two issues remain. Firstly, the 

majority of the studies view the exchange relationships from the transaction cost economics (TCE) 

perspective (Brown et al., 2020; Kim et al., 2010; Wong et al., 2021) and often take the buyers’ 

perspective of the relationships (Claycomb and Frankwick, 2010; González-Mon et al., 2019). Secondly, 

the majority of the studies focus on buyer-seller relationship in other sectors of the economy other than 

the agriculture sector (Mutonyi et al., 2018). This thesis contributes to filling these knowledge gaps by, 

first drawing on the social exchange theory (SET) to explain the exchange relationship between farmers 

and buyers. SET is particularly relevant in a context such as that of farmers and buyers in Kenya where 

exchange relationships are governed by informal mechanisms such as trust, satisfaction and the principle 

of reciprocity (Macchiavello and Morjaria, 2015; Mutonyi et al., 2018). Specifically, relations mechanisms 

govern exchange relationships presence of weak contract monitoring and enforcement that arise from 

institutional voids (Macchiavello and Morjaria, 2015). Second, we study the role of the farmer-buyer 

relationship on smallholders adaptation to climate change which is a specific form of buyer-seller 

relationship within the potato value chains in Kenya. By studying the role of farmer-buyer relationship on 
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climate change adaptation we contribute to the recent call by Canevari-Luzardo et al. (2019) for the need 

to study value chain relationships as opportunities that shape the perception of climate change and 

adaptive capacity.  

 

6.5 Practical implications  

This thesis has important implications, mainly policy and managerial. 

 

6.5.1 Policy implications 

This thesis explored the pathways through which farmers’ adaptive capacity can be improved to achieve 

farmer resilience to climate change. The findings that farmer EO, membership and access to FO services, 

and leveraging on farmer-buyer relationship improve the farmers’ adaptive capacity have several policy 

implications. In Chapter 3 the finding that farmer EO increase the adoption of climate adaptation 

strategies by enabling farmers to act entrepreneurially suggest two policy directions. First, that there is a 

need for policies that enable agricultural extension departments and development agencies to 

complement agronomic training programs with entrepreneurship training in their extension approaches 

and the development interventions respectively. Secondly, we have shown that the specific dimensions 

of farmer EO risk-taking, innovativeness and proactiveness influence the adoption of CSA differently. 

From a policy perspective, this suggests that there is no one-size-fits-all training program on 

entrepreneurship, training programs should target the needs of the farmers in relation to the deficiency 

in the EO dimensions. The above policy directions present opportunities for considering behavioural 

characteristics when designing development interventions as suggested in Dessart et al. (2019). 

The findings in Chapter 4 that membership and access to FO services are important in strengthening 

farm resilience suggest that policies need to focus on the formation and joining FOs in tandem with the 

provision of an enabling environment for FOs to provide the necessary resources to members. This may 

be achieved through providing financial and organisational support to FOs to provide services to 

members or through FOs partnering with international, national or private-sector development partners 

to provide complementary services. 

Finally, in Chapter 5 we showed that farmer-buyer relationship through improving farmer EO 

strengthens farmers’ adaptive capacity. This suggests that there is a need for policies that help in 

developing, maintaining and nurturing farmer-buyer relationship. 

 



Discussion and conclusions

129 
 

6.5.3 Managerial implications 

This thesis provides practical implications for managers and agribusiness firms working or wishing to 

work with smallholders in SSA. Principally, in Chapter 3 empirical findings suggest that capacity building 

activities need to focus on the development of farmers’ proactive, innovative and risk-taking mindsets 

and attitudes. This may be achieved through workshops and peer learning initiatives. In the efforts to 

build farmers’ EO capacities, FOs and farmer-buyer relationship represent useful organisational spaces 

for engaging in entrepreneurship training through supporting the development of entrepreneurial 

ecosystems (Dentoni and Klerkx, 2015). In Chapter 4, empirical findings point to the need for FO leaders 

to ensure – through their management decisions – that FOs are inclusive and that members access the 

FO services equitably. FO leaders need also to ensure that FO access the necessary support needed to 

provide services to members. In Chapter 5, empirical findings suggest value chain managers need to help 

structure relationships and collaboration within the value chain, as we have shown that farmer-buyer 

relationship is positively associated with farmers’ adaptive capacity particularly through strengthening 

the farmer EO. 

 

6.5.4 Implications for the development practitioners 

The findings from this thesis inform development practitioners about the development interventions and 

funding priorities that support climate resilience.  Overall, in terms of development interventions, this 

thesis provide evidence which suggest that development practitioners need to focus their efforts and 

resources on interventions that build farmers EO; that not only encourage the joining of FOs but also 

support the FOs to provide production resources to members; and that encourage the development, 

nurturing and maintaining of farmer-buyer relationship. This is important as we have demonstrated that 

farmer EO, membership in a farmer organization and access to services, and farmer-buyer relationship 

improve farmers’ adaptive capacity which in turn contribute to farm resilience (Darnhofer, 2021; 

Meuwissen et al., 2019).  

 

6.6 Concluding remarks and implications for future research  

Climate change is one of the threats to humanity (IPCC, 2021). For farmers, climate change threatens 

agricultural production and their livelihoods, as such, understanding how they can be supported to adapt 

is indispensable. While this thesis provides evidence on the role of farmer EO, membership and access to 

FO services and farmer-buyer relationship on climate change adaptation, a number of issues remain. 

Firstly, this thesis relied on data collected using a cross-sectional design which poses some limitations to 
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the estimation strategies. Future research needs to consider longitudinal research design which allows 

for a more rigorous analysis of the relationships and casual claims made in this thesis. Secondly, 

reflecting on the external validity of the findings, this thesis focused on one farm enterprise, that is, 

potato farming, not the entire portfolio of possible farm enterprises and only in Kenya. This being the 

case, the findings of our study may raise the question of generalizability, concerning the extent to which 

our findings apply to other farm enterprises and for different countries. To respond to this question, we 

note that the problem of limited access to production resources is not unique to a particular farm 

enterprise or Kenya – all farm enterprises need the same production resources and most countries in 

SSA are faced with similar challenges. We, therefore, believe that the insights from this research are 

relevant and applicable to countries with similar contexts to Kenya. Perhaps, our findings may benefit 

from further research that takes into account all the portfolios of farm enterprises and from other 

countries.  

Finally, the foundation of this thesis hinges on the role of farmers’ adaptive capacity as one of the 

building blocks of farm resilience (Dapilah et al., 2019; Meuwissen et al., 2019). Due to data limitations, 

we have not been able to ascertain the relationship between farmers’ adaptive capacity and farm 

resilience. In addition, we only analyzed the farmers’ perspective of the farmer-buyer relationship in 

Chapter 5 due to data limitations. Availability of data from both the buyers’ and farmers perspectives of 

the farmer-buyer relationship would have enriched this thesis, we leave these for the future.  
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Summary 
 

Climate change poses major and growing threats to global food security and livelihoods. Climate change 

affects food security and livelihoods in complex ways. For instance, it affects food production directly 

through changes in climatic conditions and indirectly through affecting incomes, demand and 

distribution of agricultural production. To minimize the impacts of climate change, farmers need to 

adapt their farming practices to continue producing food products and earning an income. Consequently, 

national governments, non-governmental organizations and development agencies are making 

investments in improving the ability of farmers to cope with and adapt to climate change.  

However, given the uncertain future, in terms of the frequency and severity of adverse climatic events, 

designing risk management strategies that require the identification of risks likely to occur in the future 

is no longer sufficient. In addition to designing risk management strategies, there is a need to invest in 

building resilience. At the farm level, resilience is the ability to ensure the continuity of farm functions 

when facing multiple shocks and risks through strengthening the absorptive, adaptive and 

transformative capacities of the farm. The concept of resilience is relevant for adapting to farm risks as it 

takes into account the complexity and uncertainty of risks. 

This thesis focused on farmers’ adaptive capacity as a key building block of farm resilience. There are at 

least three reasons for this focus. First, with the increasing frequency and severity of adverse climatic 

events, it is no longer feasible for farmers to just absorb the risks. In other words, it is no longer 

sufficient to only rely on the absorptive capacity in responding to climate change; farmers also need to 

adapt. Second, although transformation may be seen as a suitable response, smallholders particularly in 

sub-Saharan Africa have limited resources, knowledge and skills to move into new systems. Third, 

existing climate change adaptation studies have identified a lack of adaptive capacity as the main reason 

for the low adoption of climate adaptation strategies; yet, studies on how it can be improved are still 

scarce. Generally, adaptive capacity is the ability to adjust when facing changing conditions. At the farm 

level, adaptive capacity represents the farmer’s potential to use existing and new resources into 

effective adaptation strategies. 

From the foregoing, it is evident that farmers’ adaptive capacity needs to be improved. This thesis took a 

step back and asked the overarching question of how farmers’ adaptive capacity be improved? The 

thesis addressed the overarching question through four specific research questions employing both 

qualitative methods, including a literature review, and quantitative methods. To set the stage for this 
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study, Chapter 2 took the first step in answering the overarching question by identifying the 

determinants of farmers’ adaptive capacity: 

RQ1: What are the determinants of farmers’ adaptive capacity and how can it be improved?  

This research question was answered through a review of the literature at the intersection of climate 

resilience, farmer entrepreneurship and value chain collaboration. The review found that several factors 

improve farmers’ adaptive capacity, including access to the resources that farmers can draw upon in 

times of need; the flexibility to make strategic changes; ability to organize and act collectively; ability to 

learn; and the agency to determine whether, when and how to make changes. In addition, this thesis 

identified three determinants herein collectively referred to as the pathways for improving farmers’ 

adaptive capacity. These determinants are (1) farmer entrepreneurial orientation (EO), (2) membership 

of a farmer organization (FO) and access to the services of the FO, and (3) farmer-buyer relationship. 

Chapter 3 examined in detail the proposition that farmer EO determines farmers’ adaptive capacity 

which is reflected by the ability to adopt climate adaptation strategies. We use survey data from 

smallholder potato farmers in Kenya to determine whether farmer EO supports climate change 

adaptation, specifically the adoption of climate-smart agriculture (CSA) practices. The following specific 

research question was answered: 

RQ2: Does farmer entrepreneurial orientation matter for smallholders’ adaptation to climate change?  

To respond to this research question, we draw from entrepreneurship, technology adoption and climate 

change adaptation literature. We used data from 792 smallholder potato farmers. Data were collected 

on the characteristics of the farm and the farmer, on institutional factors and the three dimensions of 

farmer entrepreneurship orientation (i.e., risk-taking, innovativeness and proactiveness). Six CSA 

practices were considered, namely irrigation, change in cultivation calendar, certified seed, crop 

rotation, soil testing, and intercropping. The results of the multivariate probit models reveal that, overall, 

farmer EO supports the adoption of individual CSA practices. Additionally, when the intensity of 

resources required to adopt CSA practices is considered, we find that risk-taking increases the adoption 

of finance-intensive CSA practices while innovativeness reduces the adoption of finance-intensive CSA 

practices. As such, Chapter 3 provides evidence that farmer entrepreneurship matters for climate change 

adaptation. 

Chapter 4 examined whether and how FOs support farmers’ ability to adapt to climate change. The 

premise is that membership and access to the services of FOs improve farmers’ adaptive capacity and 
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thereby enable the adoption of climate adaptation strategies. The following research question was 

addressed: 

RQ3: How do membership and access to FO services impact on smallholders’ adaptation to climate 

change? 

The impact of membership and access to FO services on CSA adoption is evaluated through a quasi-

experimental design. The survey data allowed for disaggregation based on membership and access to FO 

services. Three services were considered: access to credit, access to extension and access to markets for 

farm produce. To estimate the impact of membership and access to FO services on CSA adoption, we 

employed a doubly robust inverse probability weighted regression adjustment approach with conditional 

analysis to account for the heterogeneity in membership and access to the different services. The 

analysis was done taking into account three constellations relating to membership and access to FO 

services: (1) comparison between members and non-members; (2) comparison between members with 

access to FO services and members without access to FO services; and (3) membership with conditional 

access to services. 

Three highlights can be distinguished from the results. First, even without considering access to FO 

services, FOs support smallholders’ adoption of CSA practices. Second, when access to FO services are 

considered impact varies, with market access producing the highest impact followed by access to credit 

and extension respectively. Third, market access conditional on access to extension, and access to credit 

conditional on access to extension present extension as a catalyst service; it enables market access and 

access to credit to produce additional impact. These results are robust to different estimation strategies. 

This chapter provides evidence that FOs support smallholders in climate change adaptation and that 

membership alone does not fully explain the impact of FO; instead, access to FO services need to be 

taken into account.  

Chapter 5 examined whether and how farmer-buyer relationship supports climate change adaption. The 

general hypothesis is that farmer-buyer relationship improves farmers’ adaptive capacity by enabling the 

farmers to access production resources and to share risks with buyers. The following specific research 

question was answered: 

RQ4: Do farmer-buyer relationship influence smallholders’ adaptation to climate change?  

In Chapter 5, the thesis sought to examine the association between farmer-buyer relationship and 

farmers’ adaptive capacity through structural equation modelling (SEM), using the survey data of 792 

smallholder potato farmers. The study draws from social exchange theory and is based on the farmers’ 

Summary



162 
 

perspective of the farmer-buyer relationship. The SEM analysis uses the second-order confirmatory 

factor analysis. In addition, mediation analysis was conducted with farmer EO as mediator. The results 

indicate that the farmer-buyer relationship is not directly associated with farmer’s adaptive capacity, 

however, when the relationship is mediated by farmer EO a positive relationship is established. These 

findings suggest that farmers need to use their entrepreneurial orientation in order to exploit the 

benefits of farmer-buyer relationship for adapting to climate change. 

In sum, the four chapters have contributed to the understanding of the pathways for building and 

strengthening farmers’ adaptive capacity. This capacity is necessary for improving farm resilience to 

climate change. Several implications can be drawn from this thesis. First, there is a need for targeted 

entrepreneurship training by smallholders. Second, there is a need for policies that encourage 

membership in FOs and support FOs to provide adaptive-capacity supporting services to their members. 

Third, there is a need for interventions that support building and maintaining relationships between 

farmers and buyers as these encourage entrepreneurial behaviour, which, in turn, improve farmers’ 

adaptive capacity.  
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