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ABSTRACT

Climate change poses significant threats to agricultural systems globally, with smallholder
farmers in developing regions particularly vulnerable due to limited adaptive capacity and
resource constraints. This study assessed the perceptions, adoption decisions, and effects of
Climate-Smart Agricultural Practices (CSAPs) on smallholder maize farmers' livelihoods in
KwaZulu-Natal Province, South Africa, where climate change has resulted in substantial
agricultural losses and threatens food security. This research explored how CSAPs enhance
agricultural productivity, resilience, and food security among smallholder farmers, contributing
to climate adaptation and mitigation. The study collected data through structured
questionnaires from 378 smallholder maize farmers purposively chosen using a multi-stage
sampling technique across Harry Gwala and Ugu District Municipalities. A quantitative
approach incorporating descriptive statistics, Tobit regression models, double-hurdle models,
stochastic production functions, gross margin analysis, and endogenous switching regression
models were employed to analyse the determinants of CSAP adoption and their effects on
economic and food security. The study examined four specific CSAPs: drought-tolerant maize
varieties, rainwater harvesting, maize-legume intercropping, and crop diversification,
investigating their adoption patterns and impacts on farmer livelihoods. Most smallholder
farmers were aware of CSAPs and demonstrated moderate uptake, indicating growing
acceptance of CSAPs. The most adopted CSAPs included drought-tolerant maize varieties and
rainwater harvesting, suggesting their perceived benefits and relative ease of implementation.
Key socioeconomic factors such as age, gender, education, household income, access to credit,
extension services, and agricultural training significantly influenced the adoption and intensity
of CSAP use.

The findings suggest that tailored socioeconomic programmes targeting specific farmer groups
can enhance CSAP adoption and agricultural resilience against climate impacts. The analysis
further reveals that adopters comprised both male and female farmers, with varying risk
tolerance and resource constraints. Marital status, employment status, land ownership, and
involvement in agricultural groups also influenced perceptions and adoption of CSAPs. Despite
positive perceptions of CSAPs by smallholder farmers, including their potential to improve
productivity, food security, and farm income, barriers such as inadequate training, financial
constraints, and limited institutional support impede broader adoption of CSAPs. The findings

underscore the importance of policy interventions addressing these constraints to promote



CSAP adoption. The results show complementarity between certain CSAPs and highlight
significant economic benefits and technical efficiency improvements following adoption.
Socioeconomic and institutional factors, including access to credit, extension services, and
agricultural training, influenced CSAP adoption and economic outcomes significantly. The
findings highlight the need for multi-dimensional interventions encouraging comprehensive
CSAP adoption to enhance agricultural resilience and sustainability. The results reveal that
CSAP adopters exhibit significantly higher food security and dietary diversity outcomes than
non-adopters, indicating that CSAPs positively contribute to household welfare. Education,
household income, institutional access, and social capital significantly influenced food security
and adoption patterns. These findings support the postulation that adopting CSAPs can
substantially enhance the livelihoods of smallholder farmers. However, challenges such as
limited access to credit, inadequate agricultural training, and implementation costs remain
significant barriers to maximising the potential benefits of CSAPs. The study recommends
enhancing access to agricultural training, credit, and extension services, particularly for farmers
facing resource constraints, to improve the adoption and effectiveness of CSAPs. Overall, this
thesis provides critical insights into the factors influencing CSAP adoption and their role in
enhancing economic performance and welfare outcomes for smallholder farmers. The findings
emphasise the need for targeted, context-specific interventions to overcome adoption barriers
and promote sustainable agricultural practices. By fostering collaboration between farmers,
researchers, extension services, and policymakers, this research contributes to developing
effective climate-smart strategies that address the unique challenges smallholder farmers face

in climate-vulnerable regions.

Keywords: Climate-Smart Agriculture, Smallholder farmers, Technology adoption, Food

security, Economic benefits, Agricultural resilience, Climate adaptation.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Climate change represents one of the most pressing challenges of the 21st century, profoundly
threatening global agricultural systems and food security. Agriculture serves as the economic
foundation for numerous countries across Sub-Saharan Africa (SSA), playing a vital role in
employment generation, livelihood sustenance, and food security provision (Wudil et al.,
2022). Over 60% of the regional population relies directly on smallholder farming systems for
both subsistence and income generation (Food and Agriculture Organization [FAO], 2022).
However, the sector faces significant variability and unprecedented challenges from climate
change, with countries experiencing varying degrees of agricultural dependence and
vulnerability. While some nations like Chad see agricultural contributions as high as 50% to
their Gross Domestic Product, others like South Africa report only 2% (Bontsa et al., 2023).
Despite this variation, agricultural growth across SSA stands at 2.6% annually (Organisation
for Economic Co-operation and Development [OECD]/FAO, 2023), with this modest
expansion influenced by increasing local and international interest in farmland, rural-to-urban

migration, population growth, and the escalating impacts of climate change.

The centrality of agriculture to SSA economies and societies positions the sector as critical for
achieving multiple Sustainable Development Goals (SDGs). Agricultural development in the
region directly impacts SDG 1 (No Poverty) by increasing household incomes and creating
sustainable livelihoods, SDG 2 (Zero Hunger) by enhancing food production and accessibility,
SDG 8 (Decent Work and Economic Growth) through job creation and economic stabilisation,
SDG 12 (Responsible Consumption and Production) by promoting sustainable farming
practices, and SDG 15 (Life on Land) through improved land management and biodiversity
conservation (Weil et al., 2023; Thornton et al., 2022). Climate variables crucial to food
security and agricultural systems are changing rapidly across SSA, with IPCC reports
projecting negative impacts on all aspects of food security in the region. Without appropriate
interventions, climate change will severely reduce agricultural yields, worsen food insecurity,
and exacerbate existing poverty levels (Zougmoré et al., 2018). The vulnerability is especially
pronounced in east and southern parts of the region where rainfall-dependent agriculture is
dominant (Okoronkwo et al., 2024), with temperature increases of 0.8-2.3°C already recorded

over the past five decades (Ziervogel and Taylor, 2023). Climate models predict more intense
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rainfall events punctuated by longer dry spells, with many areas already reporting decreased
yields and increased crop failures due to erratic rainfall patterns and rising temperatures (Rezaei
etal., 2023).

Maize (Zea mays L.) stands as a fundamental crop of profound importance for food security,
nutrition, and economic stability throughout East and Southern Africa. This staple crop
provides approximately 30% of dietary calories across SSA and is predominantly cultivated by
smallholder farmers (Sinyolo, 2023). Beyond its nutritional value, maize cultivation represents
a critical source of household income, contributing significantly to smallholder farmers' total
agricultural income in many regions (Sinyolo and Mudhara, 2018). However, maize
productivity is heavily dependent on favourable climate conditions, making it especially
vulnerable to climate change impacts (Cairns et al., 2013). The sensitivity of maize to
temperature variations and water stress places it at particular risk as climate change intensifies.
Maize stands out as a critically important staple crop among the region's agricultural
commodities, representing nearly 50% of total cereal production and constituting the primary
caloric source for millions of people. Nevertheless, maize cultivation in SSA faces significant
threats from climate variability and extreme weather events, including droughts, floods, and
unpredictable rainfall patterns (Du and Xiong, 2024). These climatic disruptions not only
diminish agricultural yields but also intensify poverty levels and food insecurity, particularly
among smallholder farmers who possess limited adaptive capacity to respond to rapidly

evolving climatic conditions.

In South Africa, maize represents the most extensively cultivated crop and serves as the
foundation of national food security (Mdoda et al., 2025). The country produces approximately
12-16 million tons of maize annually, with smallholder farmers contributing a substantial 4.4%
share of total cultivation, concentrated primarily in rural regions (Oduniyi et al., 2022). This
farming segment encompasses more than 2.9 million smallholder households that experience
disproportionate impacts from climate-related stressors (Sinyolo et al., 2021). Climate change
impacts on South African agriculture are already evident, with temperature increases of 1.5-
2.0°C recorded over the past four decades and projections indicating further increases of 3-4°C
by 2080 (Ngcamu and Chari, 2022). Recurring droughts, such as the severe 2015-2016 EI Nifio-
induced drought that reduced maize production by 30%, have demonstrated the vulnerability
of the sector. Land degradation significantly affects South Africa’s land area, while declining

soil fertility compounds production challenges (Van Huyssteen and du Preez, 2023). These
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climate-related stressors have resulted in average yield losses of 10-20% for maize over the
past decade in South Africa, with some regions experiencing losses exceeding 40% during
drought years (Tantoh and McKay, 2023). Furthermore, these challenges are compounded by
structural issues such as insecure land tenure, inadequate extension services, and limited access
to markets and finance, creating a complex web of constraints that perpetuate vulnerability

among smallholder farmers (Barbanente et al., 2024).

KwaZulu-Natal (KZN) Province epitomizes these challenges, experiencing particularly acute
climate variability in recent years. The province has recorded temperature increases of 1.8°C
since 1960, accompanied by a 15% decline in annual rainfall and increased frequency of
extreme weather events (Mthethwa et al., 2022). These changes have resulted in estimated
agricultural losses of ZAR 2.8 billion between 2010-2020, with maize production experiencing
periodic declines of 10-25% during severe drought years, while maintaining overall growth
trends (Kumar et al., 2022). Climate variables crucial to food security and agricultural systems
are changing rapidly across the province, creating unprecedented challenges for smallholder
farmers who depend on rain-fed agriculture. Moreover, KZN faces high levels of poverty and
food insecurity, with approximately 65.3% of households in some districts experiencing food
insecurity (Nhlozi, 2023). This situation is exacerbated by various factors, including soil
degradation, decreasing farm sizes, limited access to improved technologies, disease, insect
pests, and climate variability. The province's diverse agro-ecological conditions, from coastal
lowlands to mountainous regions, create varied farming environments some of which are
highly susceptible to climate variability. Projected yield reductions of 15-30% by mid-century
create an urgent imperative for climate adaptation strategies that can simultaneously enhance
productivity and build resilience among smallholder maize farmers (Mangani et al., 2019).

To address these complex and interlinked challenges, Climate-Smart Agriculture (CSA) has
gained traction as a strategic framework for transforming and reorienting agricultural systems
under the realities of climate change. CSA promotes practices that increase productivity in a
sustainable manner, strengthen farmers' resilience to climate-related shocks, and reduce
agriculture's carbon footprint (FAO, 2018; Lipper et al., 2014). Climate-Smart Agricultural
Practices (CSAPSs) represent specific farming techniques and technologies that simultaneously
enhance productivity, build resilience to climate variability, and contribute to greenhouse gas
mitigation (Zheng et al. 2024). For maize farmers, CSAPs encompass various interventions

such as conservation agriculture, crop diversification, planting of drought-tolerant varieties,
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organic soil amendments, agroforestry, and rainwater harvesting (Mahama et al., 2020;
Bongole et al., 2020). These practices have demonstrated significant potential to enhance yield
stability, reduce risk exposure, and improve environmental outcomes. Research indicates that
drought-tolerant maize varieties can reduce yield losses by 20-30% during drought years, while
conservation agriculture practices can improve soil water retention by 15-25% and reduce
erosion by up to 90% (Zougmore et al., 2018). CSAPs can simultaneously address climate
adaptation, mitigation, and food security objectives, making them particularly valuable for
smallholder farmers facing multiple climate-related risks (Kurgat et al., 2020; Wekesa et al.,
2018).

Despite this promise, the adoption of CSAPs by smallholder maize farmers remains suboptimal
and uneven across South Africa, with adoption rates typically ranging between 15-45% across
different provinces (Abegunde et al., 2023; Ntshangase et al., 2022). Studies across multiple
countries reveal adoption rates typically below 40% despite decades of promotion by various
stakeholders (Mizik et al., 2021). Many farmers are either unaware of these practices or lack
the means to implement them effectively, creating a significant gap between potential and
realized benefits that warrants a comprehensive investigation of adoption barriers and enablers.
The importance of mainstreaming CSA is recognized in a global and national development
framework. At the global level, CSA aligns with several Sustainable Development Goals
(SDGs), particularly SDG 1 (No Poverty), SDG 2 (Zero Hunger), SDG 13 (Climate Action),
and SDG 15 (Life on Land), which emphasize the need for resilient agricultural systems and
sustainable natural resource management (Tanumihardjo et al., 2020). In the South African
context, the National Development Plan (NDP) 2030 highlights the urgency of creating a
sustainable and inclusive rural economy through agricultural transformation. The NDP
specifically calls for improved support for smallholder farmers, investment in climate-resilient
technologies, and sustainable land use practices. Additionally, South Africa’'s National Climate
Change Response Policy (2011) identifies agriculture as a priority sector for both adaptation

and mitigation interventions.

Understanding farmers' perceptions and attitudes toward CSAPs is fundamental to promoting
adoption, as these psychological factors form the foundation upon which adoption decisions
are made and can either facilitate or hinder the widespread uptake of these practices. The CSAP
adoption largely depends on farmers' perceptions and attitudes toward these practices (MKkhize

and Zwane, 2023). Perception encompasses how farmers view and understand the potential
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benefits, costs, and risks associated with CSAPs, while attitude reflects their evaluative
judgments and predispositions toward implementing these practices. Research by Aryal et al.
(2022) demonstrated that farmers' perceptions of the practicality and effectiveness of
conservation agriculture strongly predicted adoption rates in the Indo-Gangetic Plains.
Similarly, Mpala and Simatele (2024) established that smallholder farmers in Zimbabwe with
positive attitudes towards CSAP were more likely to adopt these practices, even when faced
with resource constraints. Across SSA, limited research has been conducted to understand
smallholder farmers' perceptions and attitudes toward CSAPS, creating a significant knowledge
gap. Understanding these psychological factors is critical as they form the foundation upon
which adoption decisions are made and can either facilitate or hinder the widespread adoption
of CSAPs. Addressing this gap is particularly urgent as the region experiences increasing

climate variability that threatens food security and rural livelihoods.

The adoption of CSAPs is a complex process influenced by numerous factors, including
socioeconomic characteristics, institutional support, biophysical conditions, and farmers'
perceptions (Kpadonou et al., 2017). Understanding these determinants is crucial for designing
effective policies and interventions to promote CSAP adoption and address the challenges
posed by climate change. Previous research on CSA adoption has primarily focused on specific
practices in isolation, such as conservation agriculture, drought-tolerant varieties, or soil and
water conservation measures (Marie et al., 2020; Abegunde et al., 2019; Mohammed et al.,
2015). However, farmers typically face decisions about adopting multiple interrelated practices
simultaneously, which may function as complements or substitutes (Kassie et al., 2015;
Teklewold et al., 2013). Furthermore, there is limited understanding of the factors influencing
not only the initial adoption decision but also the intensity of adopting CSAPs among
smallholder maize farmers. While a growing body of research has examined the general
benefits and challenges of CSA, there remains a lack of localized, empirical evidence that
explores the full range of factors, social, economic, institutional, and environmental, that shape
adoption behaviours among maize farmers in the South African context.

Understanding the economic benefits and efficiency gains from CSAP adoption is crucial for
informing policy decisions, extension programs, and financial service provision that can
enhance smallholder farmers' livelihoods and agricultural sustainability. The agricultural sector
confronts a complex challenge: experiencing vulnerability to climate change impacts while

simultaneously contributing substantially to greenhouse gas emissions (OECD, 2016; Smith et
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al., 2008). Climate change adverse effects pose serious threats to agricultural productivity, food
security, and rural livelihoods globally, with particularly severe impacts in developing regions
characterized by rain-fed agricultural systems (FAO, 2018; Kassie et al., 2015). Economic
analyses demonstrate that CSAPs can simultaneously address climate adaptation and income
generation objectives, making them particularly valuable for smallholder farmers facing
multiple economic and climate-related risks (Kurgat et al., 2020; Wekesa et al., 2018). Despite
this economic promise, CSAP adoption by smallholder maize farmers remains suboptimal
across South Africa, with adoption rates typically ranging between 15-45% across different
provinces (Abegunde et al., 2019). Many farmers are either unaware of these practices, lack
financial means for implementation, or are uncertain about economic returns, creating a
significant gap between potential and realized economic benefits. Previous research on CSAP
economic impacts has primarily focused on specific practices in isolation without
comprehensively examining the economic benefits and efficiency gains of integrated CSAP
adoption (Abegunde et al., 2019). Furthermore, there is limited understanding of factors
determining the magnitude of economic benefits and efficiency gains from CSAP adoption
among smallholder maize farmers. The economic returns from CSAPs are influenced by
numerous factors, including farmer characteristics, resource endowments, market access, and
institutional support, yet comprehensive analyses examining both economic benefits and

production efficiency are scarce (Musafiri., 2020).

Assessing the welfare effects of CSAPs on smallholder farming households represents a critical
dimension for understanding the broader development impacts of these agricultural
innovations. While numerous studies have documented productivity benefits and adoption
patterns, there remains limited empirical evidence on how these practices translate into
improved welfare outcomes, particularly food security and dietary diversity (Wekesa et al.,
2018). Most existing research has focused primarily on yield improvements and income effects,
with insufficient attention to the multidimensional nature of welfare. Furthermore,
methodological limitations in previous studies have often failed to address selection bias
inherent in technology adoption decisions, potentially leading to biased estimates of welfare
impacts (Di Falco et al., 2011). Understanding the welfare effects of CSAPs is crucial for
several reasons. First, the ultimate goal of agricultural development interventions is to improve
the well-being of farming households. Second, food security and dietary diversity represent
critical dimensions of welfare that are particularly relevant for smallholder farmers who often
struggle with nutritional adequacy (Nabuuma et al., 2021). Third, evidence on welfare effects
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is essential for designing effective policies that can maximize the benefits of CSAPs for

vulnerable farming communities.

This study addresses these multifaceted challenges through a comprehensive assessment of
CSAPs adoption and impacts among smallholder maize farmers in KZN Province, South
Africa. The research employs multiple theoretical frameworks and econometric approaches to
examine four key dimensions of CSAP adoption: farmer perceptions and attitudes, adoption
determinants and intensity, economic benefits and efficiency gains, and welfare impacts on
food security and dietary diversity. The study makes several important contributions to the
literature of CSAP. First, it provides comprehensive empirical evidence on the
multidimensional impacts of CSAP adoption, moving beyond simple productivity measures to
examine welfare outcomes that are central to farmer livelihoods. Second, it employs rigorous
econometric methods that address selection bias and unobserved heterogeneity, providing more
robust estimates of causal impacts than many previous studies. Third, it integrates insights from
multiple theoretical frameworks, [including the Theory of Planned Behaviour (TPB),
Technology Acceptance Model (TAM), Production Theory (PT), and Random Utility Theory
(RUT)] to provide a more complete understanding of farmer decision-making processes. The
study focuses on four specific CSAPs that are particularly relevant for smallholder maize
farmers in KZN: drought-tolerant maize varieties, rainwater harvesting systems, maize-legume
intercropping, and crop diversification strategies. These practices were selected based on their
relevance to the local context, their ability to address multiple CSA pillars (productivity,
adaptation, and mitigation), their proven effectiveness, scalability, and potential for synergistic

effects when combined.

The findings of this study will contribute to the growing body of literature on CSAP adoption
and impacts while providing practical recommendations for policymakers, extension services,
financial institutions, and other stakeholders working to enhance agricultural resilience and
food security in the face of climate change. Ultimately, the study will contribute to enhancing
food security, climate resilience, and sustainable development in South Africa's smallholder
agricultural sector, while informing policy interventions that can facilitate the transition toward
more climate-resilient farming systems in KZN and beyond. As climate change impacts
continue to intensify, understanding how to effectively promote and implement adaptation
strategies becomes increasingly urgent. This research contributes to that understanding by

providing evidence-based insights into one of the most promising approaches for building
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agricultural resilience while improving farmer livelihoods in one of the world's most climate-
vulnerable regions, ultimately supporting the achievement of multiple SDGs including poverty

reduction, food security, climate action, and sustainable agriculture.

1.2 Problem statement

In SSA, agriculture is the linchpin of economic stability and sustenance, with around 70% of
smallholder farmers relying on it as their primary source of income (Kom, 2022). Among these,
maize is a staple crop critical to food security and economic stability, particularly in South
Africa, where it plays a vital role in the livelihoods of many smallholder farmers (Mbuli et al.,
2021). Despite its importance, maize cultivation is beleaguered by persistent challenges,
including low yields, food insecurity, and vulnerability to environmental stressors. These issues
are compounded by the adverse impacts of climate change, inefficient farming practices, and
limited access to resources (Zhang et al., 2023; Mthethwa et al., 2022). Climate change has
emerged as a major threat to agricultural productivity, characterized by rising temperatures,
erratic rainfall, and increased frequency of extreme weather events such as droughts and floods.
These climatic shifts exacerbate agricultural issues, including soil degradation, pest
infestations, and water scarcity, severely affecting maize yields and farm returns. The situation
is dire, with approximately 28% of the African population experiencing severe hunger,
highlighting the urgent need to address these agricultural challenges to ensure food security
and improve livelihoods (Mbuli et al., 2021).

CSAPs have emerged as a promising strategy to address challenges in agriculture, particularly
for smallholder maize farmers. CSAPs aim to enhance agricultural productivity and resilience
while reducing greenhouse gas emissions, offering a sustainable approach to farming in the
face of climate change (Steiner et al., 2020). These practices include crop rotation, agroforestry,
improved water management, conservation agriculture, and the use of drought-resistant crop
varieties. The potential benefits of CSAPs are significant and well-documented in recent
literature. A meta-analysis by Arslan et al. (2022) covering 235 studies across SSA found that
CSAPs implementation led to an average yield increase of 23% for maize, with soil carbon
sequestration improving by 19%. In South Asia, Aryal et al. (2022) reported that integrated
adoption of multiple CSAPs resulted in a 31% increase in farm income and a 17% reduction in
production risk. Furthermore, a global study by Loboguerrero et al. (2023) demonstrated that

CSAPs could potentially mitigate up to 7% of agricultural greenhouse gas emissions while



simultaneously improving food security for an estimated 78 million people in low-income

countries by 2030.

Despite their proven benefits, the adoption of CSAPs among smallholder farmers remains
disappointingly low across SSA, with this trend persisting in South Africa and KZN Province.
This low adoption rate represents a significant challenge to improving agricultural
sustainability, food security, and economic stability in the region. At the broader SSA level,
Mutenje et al. (2023) reported CSAP adoption rates ranging from 28% to 45% across Six
countries, highlighting the widespread nature of this issue. Focusing on Southern Africa,
Thierfelder et al. (2022) noted that despite two decades of promotion, adoption rates of
conservation agriculture, a key component of CSAPs, remained below 40% across the region.
In a comprehensive study of East and Southern Africa, Nyagumbo et al. (2020) corroborated
these findings, reporting that conservation agriculture adoption stayed below 40% in most
countries studied, including South Africa. Narrowing down to South Africa specifically,
Senyolo et al. (2022) found that only 37% of smallholder farmers in Limpopo Province had
adopted CSAPs, with adoption rates varying significantly across different techniques. While
specific recent data for KZN Province is limited, these studies suggest that the province likely
faces similar challenges, given the broader regional trends. The consistently low adoption rates
across these geographical scales underscore the persistent challenge of CSAP implementation
among smallholder farmers, highlighting the need for more effective, locally-tailored strategies

to promote these practices.

The first critical knowledge gap relates to understanding farmer perceptions and attitudes
toward CSAPs, which represent fundamental psychological barriers that have received
insufficient attention in the literature. Research demonstrates that farmers' willingness to adopt
new agricultural technologies is fundamentally shaped by their understanding of potential
benefits, costs, and risks, as well as their confidence in implementation capacity (Aryal et al.,
2022). However, there remains limited understanding of how smallholder maize farmers in
KZN perceive CSAPs and what factors influence their attitudes toward these practices. The
low uptake of CSAPs can be attributed to several interconnected barriers, including economic
constraints where many smallholder farmers lack financial resources to invest in new
agricultural practices or technologies (Olabanji and Chitakira , 2025; McCarthy et al., 2011),
limited access to credit with only 23% of smallholder farmers in KZN having access to formal

credit services (Ogisi and Begho, 2023; Sinyolo and Mudhara, 2018), and information barriers

9



where only 45% of smallholder farmers had received information about CSAPs from extension
services in the past year (Ngcoya and Kumarakulasingam, 2017). These barriers fundamentally
shape farmer perceptions and attitudes, yet comprehensive analysis of these psychological
factors using appropriate theoretical frameworks such as TPB remains absent from the

literature.

The second major knowledge gap concerns the determinants of CSAP adoption decisions and
intensity among smallholder farmers. The adoption decision itself represents a complex process
influenced by multiple interacting factors that extend beyond simple awareness or economic
capacity. While previous research has examined individual CSAPs in isolation, farmers
typically face decisions about adopting multiple, potentially complementary practices
simultaneously (Kassie et al., 2015; Teklewold et al., 2013). There is insufficient understanding
of the factors that influence not only the initial decision to adopt but also the intensity of
adoption, the extent to which farmers implement multiple practices or expand their use across
their farming operations. This dual-stage decision-making process requires more sophisticated
analytical approaches such as TAM that can account for the different factors operating at each

stage and the potential selection bias inherent in comparing adopters with non-adopters.

The third significant knowledge gap relates to the actual economic benefits and efficiency gains
from CSAP adoption among smallholder farmers operating under real-world conditions. Even
among farmers who do adopt CSAPs, there remains significant uncertainty about the economic
returns and efficiency improvements from implementation. While experimental and
demonstration plot studies have shown promising results, there is limited empirical evidence
on the real-world economic benefits experienced by smallholder farmers operating under
resource constraints and market imperfections. The economic impacts of CSAP adoption are
influenced by numerous factors, including farmer characteristics, resource endowments,
market access, and institutional support, yet comprehensive analyses examining both direct
economic benefits and production efficiency improvements using frameworks such as
Production Theory are scarce (Musafiri, 2020). This evidence gap creates challenges for
farmers trying to make informed investment decisions and for policymakers seeking to design

effective support programs.

The fourth critical knowledge gap involves understanding how CSAP adoption translates into
improved food security for smallholder farming households. There is insufficient

understanding of how CSAP adoption affects food security, dietary diversity, and overall
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livelihood outcomes. While productivity improvements are important, the ultimate goal of
agricultural development interventions is to enhance farmer well-being through improved
welfare indicators. Most existing research has focused primarily on yield and income effects,
with inadequate attention to the multidimensional nature of welfare impacts. Understanding
these welfare effects is essential for designing policies that maximize the development benefits
of CSAPs for vulnerable farming communities, yet methodological limitations in previous
studies have often failed to address selection bias inherent in technology adoption decisions,
potentially leading to biased estimates of impact (Di Falco et al., 2011). Rigorous analytical
frameworks such as RUT through ESR models are needed to provide unbiased estimates of

welfare impacts.

The consequences of not addressing the low adoption of CSAPs are severe and far-reaching,
extending well beyond individual farm-level impacts to affect broader community resilience
and regional food security. Continued low uptake leaves smallholder farmers vulnerable to the
escalating impacts of climate change, perpetuates low yields, and exacerbates food insecurity
in the region. In KZN, where smallholder farmers account for approximately 60% of
agricultural production (Sinyolo & Mudhara, 2018), the implications extend beyond individual
farmers to affect the broader community and regional economy. The province has experienced
significant climate variability in recent years, with a 1.2°C increase in average temperatures
and a 10% decrease in annual rainfall over the past three decades (Touré et al., 2022). These
changes have led to a 30% reduction in maize productivity in some areas (Mbatha & Masuku,

2018), underscoring the urgent need for widespread adoption of CSAPs.

The vulnerability of smallholder farmers to climate change impacts is particularly concerning,
with non-adopters facing disproportionate risks compared to those who have implemented
climate-smart practices. A study by Sinyolo et al. (2020) found that non-adopters of CSAPs
were 40% more likely to experience significant crop losses during drought years compared to
adopters. This vulnerability not only affects individual households but also contributes to
broader food insecurity and economic instability in the region. Moreover, the low adoption of
CSAPs hampers efforts to achieve SDGs and improve rural livelihoods. The potential of these
practices to increase agricultural productivity, enhance food security, and promote
environmental sustainability remains largely untapped. The persistence of low adoption rates

also represents a significant lost opportunity for climate change mitigation, as widespread
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implementation of CSAPs could contribute substantially to reducing agricultural greenhouse

gas emissions while building resilience to climate impacts.

The complex and multifaceted nature of the CSAP adoption challenge demands a
comprehensive research approach that examines multiple dimensions of farmer decision-
making and impact pathways. This research aims to comprehensively evaluate how
smallholder maize farmers in KZN perceive, decide to adopt, and are impacted by CSAPs
through four interrelated analytical frameworks. By examining farmers' perceptions and
attitudes using TPB, investigating adoption determinants and intensity through TAM,
measuring economic benefits and efficiency gains within Production Theory, and assessing
welfare impacts via RUT, this study seeks to provide crucial insights for developing targeted
interventions that address the full spectrum of adoption barriers and maximize development

outcomes.

The study's objectives are strategically designed to address the multifaceted nature of the low
CSAP adoption problem through complementary analytical approaches that build upon each
other to provide comprehensive understanding. Examining perceptions and attitudes toward
CSAPs will shed light on the psychological and cultural factors influencing adoption decisions,
while controlling for the censored nature of perception data through appropriate econometric
techniques. Investigating the determinants of both initial adoption decisions and adoption
intensity will provide valuable insights into the socio-economic, institutional, and
environmental factors that influence farmers' choices at different stages of the adoption
process. Measuring the economic benefits and technical efficiency improvements from CSAPs
is essential for demonstrating their tangible value to farmers and policymakers while
identifying the key determinants of successful economic outcomes. Assessing welfare impacts
on food security and dietary diversity will reveal how CSAPs translate into meaningful
improvements in farmer well-being while addressing potential selection bias through
appropriate impact evaluation methods.

Previous studies have shown that CSAP adoption can lead to significant improvements, with
some farmers experiencing up to a 25% increase in maize yields and a 20% improvement in
household food security status (Ngcoya & Kumarakulasingam, 2017; Sinyolo et al., 2020).
However, these findings are often based on simple comparisons between adopters and non-
adopters without adequately controlling for selection bias or examining the heterogeneous

effects across different farmer groups. This study addresses these methodological limitations
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through rigorous econometric approaches that provide more robust and policy-relevant

estimates of CSAP impacts.

Addressing the low adoption rates of CSAPs in KZN is crucial for improving food security,
economic stability, and the overall quality of life for rural communities amidst ongoing climate
change challenges. The findings from this study will provide valuable insights for developing
effective policies and strategies that align with the needs and contexts of smallholder maize
farmers, ultimately fostering sustainable agricultural practices and resilient livelihoods.
Moreover, this research will contribute to closing the gap between the theoretical benefits of
CSAPs and their practical application, exploring how local knowledge, practices, and
perceptions shape the effectiveness of CSA interventions while providing actionable

recommendations for extension services, financial institutions, and development organizations.

The potential impact of this study extends beyond KZN, offering scalable solutions for other
regions in SSA facing similar challenges. By contributing to a deeper understanding of the
socio-economic and cultural factors influencing CSAP adoption, the study will play a pivotal
role in shaping future agricultural policies and practices. This research has the potential to
inform the development of more effective extension services, tailored financial support
mechanisms, and culturally appropriate education programs that can accelerate the adoption of
CSAPs across the continent while ensuring that these interventions translate into meaningful

welfare improvements for smallholder farming communities.

The low adoption of CSAPs among smallholder maize farmers in KZN represents a significant
challenge with far-reaching implications for food security, economic stability, and
environmental sustainability. By providing a comprehensive understanding of the factors
influencing CSAP adoption and their multidimensional impacts through rigorous theoretical
and empirical frameworks, this research aims to catalyse positive change in agricultural
practices, ultimately fostering a more food-secure and climate-resilient future for smallholder
farmers across SSA. The urgency of addressing this challenge cannot be overstated, as climate
change impacts continue to intensify and the window for effective adaptation narrows, making
the need for evidence-based solutions to promote widespread CSAP adoption increasingly
critical for the livelihoods and food security of millions of smallholder farmers across the

region.
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1.3 Aim and objectives

Thus, the study aimed to assess the perceptions, adoption decisions, and effects of CSAPs on

the welfare of smallholder maize farmers in KZN Province.
Specific objectives were as follows:

I.  To examine the perceptions and attitudes toward CSAPs among smallholder maize
farmers
Il.  To investigate the determinants of the decision to adopt and intensity of use of CSAPs
by smallholder maize farmers
I1l.  To measure the economic benefits (maize production/farm income) and efficiency of
adopting CSAPs by smallholder maize farmers
IV. To assess the effect of CSAPs on the welfare (food security) of smallholder maize

farmers

1.4 Research questions
I.  What are the perceptions and attitudes of smallholder maize farmers toward CSAPS?

Il.  What are the determinants of the decision to adopt and the intensity of use of CSAPs
by smallholder maize farmers?
I1l.  What are the economic benefits (maize production/farm income) and efficiency of
adopting CSAPs by smallholder maize farmers?
IV.  What is the effect of CSAPs on the welfare (food security) of smallholder maize

farmers?

1.5 Significance of the study

This study addressed a critical gap in the existing literature by providing a comprehensive,
micro-level analysis of CSAPs in the context of smallholder maize farming in KZN Province,
South Africa. From a theoretical perspective, this research contributed to the growing body of
literature on CSAPs and their impacts on smallholder farmers' welfare. By examining the
complex interplay between farmers' perceptions, adoption decisions, and the subsequent
impacts of these practices, the study enhanced understanding of the cognitive, social, and
economic factors that influence the uptake and effectiveness of innovative agricultural
practices through the application of multiple theoretical frameworks including TPB, TAM,

Production Theory, and RUT. The focus on smallholder maize farmers in KZN Province
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provided a unique opportunity to examine CSAPs in a specific agro-ecological and socio-
economic context. This localized approach was significant because it allowed for a detailed
understanding of how global concepts of CSA translate into practice in a particular setting. By
providing in-depth, context-specific analyses, this research contributed to filling a gap in the
literature, which often lacks detailed regional studies. The findings are valuable for local
policymakers and practitioners while contributing to the broader understanding of regional

variations in CSA adoption and impacts across SSA.

This research was significant in its comprehensive approach to studying CSAPs. By combining
analyses of perceptions, adoption decisions, economic benefits, and welfare impacts, the study
provided a holistic view of the CSA landscape in KZN. This multifaceted approach is relatively
rare in the existing literature, which often focuses on either adoption or impacts in isolation.
The integration of these different aspects allowed for a more nuanced understanding of the
challenges and opportunities associated with promoting CSAPs among smallholder maize
farmers. Furthermore, by evaluating both economic benefits and welfare effects, the study
acknowledged the multidimensional nature of agricultural interventions and their impacts on
rural livelihoods (Barrett et al., 2020). From a methodological perspective, this study made
significant contributions by employing rigorous econometric approaches that addressed
selection bias and unobserved heterogeneity in CSAP adoption decisions. The use of ESR
models for welfare impact assessment, double-hurdle models for adoption analysis, stochastic
frontier analysis for efficiency measurement, and Tobit regression for perception analysis
provided more robust and reliable estimates compared to simple comparison methods typically
used in the literature. These methodological advances contribute to the broader agricultural
economics literature and provide templates for future research on technology adoption and

impact evaluation.

From a practical perspective, the significance of this study lies in its potential to inform policy
and practice in promoting CSA. By identifying the barriers and facilitators to CSA
implementation, the research provided valuable insights for policymakers, agricultural
extension services, and development organizations. These insights can be used to develop
targeted strategies and interventions to encourage smallholder maize farmers to adopt CSAPs
and to support the intensification of these practices where they are already in use. The economic
analysis of CSAPs provided crucial information on the financial viability of these practices for

smallholder farmers, which is essential for developing appropriate financial support
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mechanisms and incentives to promote CSA adoption. The study's assessment of the impact of
CSAPs on food security contributed to understanding how these practices can contribute to
achieving broader development goals, particularly SDGs 2 (Zero Hunger) and 13 (Climate
Action) (United Nations, 2015). This alignment with global development objectives
underscored the broader significance of the research beyond its immediate regional focus. The
findings demonstrated that CSAPs can simultaneously address multiple development
challenges, including poverty reduction, food security enhancement, and climate change

adaptation.

The findings of this study have significant implications for agricultural extension services. By
providing detailed information on farmers' perceptions, adoption decisions, and the impacts of
CSAPs, the research enabled extension officers to tailor their approaches more effectively to
the needs and circumstances of smallholder maize farmers in KZN. The identification of key
determinants such as credit access, education, and training as critical factors for successful
CSAP adoption provided specific targets for extension interventions, potentially leading to
more efficient and effective dissemination of information about CSAPs and ultimately to
higher rates of adoption. This research contributed to the development of more effective
climate change adaptation strategies in the agricultural sector. By providing evidence on the
effectiveness of CSAPs in enhancing farmers' resilience to climate change through improved
food security outcomes and economic benefits, the study informed broader discussions about
appropriate adaptation strategies for smallholder farming systems. This was particularly
significant given the increasing urgency of climate change adaptation in the face of accelerating

global warming and the specific vulnerabilities identified in KZN Province.

The focus on maize farming added another layer of significance to this study. Maize is a staple
crop in many parts of Africa, including South Africa, and plays a crucial role in food security
and rural livelihoods. However, maize production is particularly vulnerable to climate change
impacts. By examining CSAPs in the context of maize farming, this research provided insights
that are directly relevant to a crop of major importance in the region and beyond. The findings
could have far-reaching implications for food security and rural development strategies across
maize-growing regions of Africa. The comprehensive approach, focusing on perceptions,
adoption decisions, economic benefits, and welfare impacts, coupled with the specific focus on
KZN Province and maize farming, positioned this research to make a substantial contribution

to the field of CSA and agricultural development more broadly. By bridging the gap between
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theoretical understanding and practical application of CSAPs, this study has the potential to
inform more effective strategies for supporting smallholder farmers in adapting to climate
change, thereby contributing to enhanced food security, improved rural livelihoods, and more
sustainable agricultural practices in South Africa and beyond.

1.6 Scope and delineation of the study

This study focused on smallholder maize farmers who had adopted and those who had not
adopted CSAPs in KZN Province, South Africa. The research scope was specifically delineated
to explore four key dimensions: (i) the perceptions and attitudes of farmers towards CSAPs
using TPB framework, (ii) the factors that influenced farmers' decisions to adopt and intensify
CSAPs through TAM and double-hurdle analysis, (iii) the economic benefits associated with
the adoption of these practices, including increased yields, cost savings, income generation,
and efficiency improvements using Production Theory, and (iv) the impacts of CSA on various
dimensions of welfare, particularly food security and dietary diversity, assessed through RUT
and ESR models.

The study focused on four specific CSAPs that are particularly relevant for smallholder maize
farmers in the study area: drought-tolerant maize varieties, rainwater harvesting systems,
maize-legume intercropping, and crop diversification strategies. These practices were selected
based on several considerations. First, they are highly relevant to the local agroecological and
socioeconomic context. Second, they address multiple pillars of CSA, productivity, adaptation,
and mitigation, thereby offering comprehensive benefits to farmers. Third, their effectiveness
in enhancing maize productivity, improving resilience to climate variability, and reducing
environmental risks has been demonstrated in prior studies. Finally, these practices are feasible
for implementation by resource-constrained smallholder farmers, ensuring that the study
captures practical and adoptable strategies. The research did not address the perceptions and
attitudes of farmers from other agricultural sectors (for example, livestock farming,
horticulture), nor did it include a comprehensive analysis of the broader socioeconomic impacts
of CSA beyond the scope of maize farmers' economic benefits and welfare outcomes. The
study also did not examine the environmental impacts of CSAP adoption, such as greenhouse
gas emissions, soil health improvements, or biodiversity conservation, which could be areas
for future research. Due to resource and time constraints, this study was geographically limited
to two district municipalities in KZN Province: UDM and HGDM. These districts were

purposively selected to capture diverse climatic conditions and geographical features, with
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UDM representing coastal conditions and HGDM representing inland mountainous conditions.
This geographic limitation meant that the findings were specific to KZN Province and could
not be generalized to the entire South Africa without further research in other provinces and

agro-ecological zones.

The sample size was limited to 378 smallholder maize farmers, which, while statistically
adequate for the analytical approaches employed, may not have fully captured the
heterogeneity of smallholder farming systems across the broader region. The cross-sectional
nature of the data collection also limited the ability to establish long-term causal relationships
and observe the evolution of CSAP impacts over time. The study employed a mixed-methods
approach with gquantitative data collection as the primary method, supplemented by qualitative
insights during data collection. However, the research did not include extensive qualitative
interviews or focus group discussions that could have provided deeper insights into the cultural
and social factors influencing CSAP adoption decisions. The temporal scope of the study was
constrained to data collection during a specific period, which may not have captured seasonal
variations in agricultural performance or the full range of climate-related challenges faced by
farmers. Additionally, the recall period for economic data was limited to comparing the season
before CSAP adoption with the most recent season after adoption, which may have been subject
to recall bias. The study acknowledged potential limitations related to self-reported data on
economic benefits and welfare outcomes, which may have been subject to recall bias and social
desirability bias. However, these limitations were mitigated through careful questionnaire
design, enumerator training, and the use of appropriate econometric techniques that could

control for potential biases.

1.7 Definition of terminologies

Climate Smart Agriculture (CSA) refers to agriculture practice that sustainably increase food
security, build resilience to climate change (adaptation), reduce greenhouse gases (mitigation)
and enhance the achievement of national food security and development. CSA seeks to make
agriculture more sustainable, resilient, and adaptable to changing climate conditions (FAO,
2010).

Adoption is the process by which farmers incorporate new technologies or practices into their

existing production systems. It typically follows a period of experimentation, during which the
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technology is evaluated and possibly modified to fit the farmer’s local context and preferences

(Loevinsohn et al., 2013).

Resilience is the capacity of individuals, households, or communities to anticipate, absorb, and
recover from adverse shocks, such as climate-related events, economic disruptions, or resource

stresses, while maintaining or improving their livelihoods and well-being (FAO, 2013).

Climate variability is the natural changes in weather patterns and conditions over different
periods of time. It includes variations in temperature, rainfall, wind direction, and other climate
elements. These changes can happen over short, medium, and long periods, and are influenced
by both natural and human factors (Vesco et al., 2021)

Perception is the cognitive and sensory process through which individuals acquire, interpret,
and organize information about their environment. In the agricultural context, it includes how
farmers view climate change, risk, and the potential benefits or drawbacks of adopting new

practices (Selina et al., 2018)

Welfare of Smallholder Farmers refers to the overall well-being and quality of life of individuals
or households engaged in small-scale farming. It encompasses economic stability, food

security, access to resources, health, education, and livelihood resilience (Mudi, 2020).

1.8 Organisation of the thesis

The thesis is structured into seven chapters, each mirroring a research paper's format, complete
with an abstract, introduction, materials and methods, results with discussion, and a conclusion.
Chapter 1 introduces the study, outlining the research problem, rationale, and objectives
alongside the identified research gap. Chapter 2 provides a systematic review on assessing the
adoption and impact of CSAPs on smallholder maize farmers' livelihoods in SSA, establishing
the broader context for the empirical analyses. Chapters 3 to 6 present the core research
findings, each formatted as a standalone paper, directly addressing the study's specific
objectives through comprehensive analysis of smallholder maize farmers in KZN Province.
The culmination of the thesis in Chapter 7 synthesizes the research outcomes, offers
conclusions and policy recommendations, and suggests directions for future research, bridging
the research findings with their broader implications for CSA adoption and impact among

smallholder farmers in climate-vulnerable regions.
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Chapter 1 serves as the foundation, presenting the introduction, problem statement, and
significance of the study. Chapter 2 provides a comprehensive systematic review that assesses
the adoption and impact of CSAPs on smallholder maize farmers' livelihoods across SSA. This
chapter establishes the broader continental context, synthesizes existing evidence on CSAP
adoption patterns and impacts, and identifies regional variations and research gaps that inform
the subsequent empirical analyses focused on KZN Province. Chapter 3 examines smallholder
maize farmers' perceptions and attitudes towards CSAPs in KZN Province, employing TPB as
the theoretical framework. This chapter addresses the first research objective by analysing the
psychological and cognitive factors that influence farmers' evaluations of CSAPs and their
willingness to adopt these practices. Chapter 4 investigates the determinants of adoption and
intensity of use of CSAPs among smallholder maize farmers, utilizing TAM and a double-
hurdle econometric approach. This chapter addresses the second research objective by
examining both the factors that influence the initial decision to adopt CSAPs and those that
determine the intensity of adoption among existing adopters. Chapter 5 measures the economic
benefits and efficiency of CSAPs adoption by smallholder maize farmers, anchored in
Production Theory and employing gross margin analysis and stochastic production function
models. This chapter addresses the third research objective by quantifying the economic returns
and production efficiency gains from CSAP adoption. Chapter 6 assesses the impact of CSAPs
on food security among smallholder maize farmers, using RUT and ESR models to examine
effects on food security and dietary diversity. This chapter addresses the fourth research
objective by evaluating how CSAP adoption translates into improved food security while
controlling for selection bias. Chapter 7 provides a comprehensive synthesis of the research
outcomes, drawing together the findings from all empirical chapters to present integrated
conclusions and policy recommendations. This final chapter bridges the research findings with
their broader implications for promoting CSA adoption among smallholder farmers,
contributing to climate resilience, food security, and sustainable agricultural development in
SSA and beyond.
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CHAPTER 2

Assessing the Adoption and Impact of Climate-Smart Agricultural Practices on
Smallholder Maize Farmers' Livelihoods in Sub-Saharan Africa: A Systematic Review
This chapter was published as: Mnukwa, M.L., Mdoda, L. and Mudhara, M., 2025. Assessing
the adoption and impact of climate-smart agricultural practices on smallholder maize farmers’
livelihoods in Sub-Saharan Africa: A systematic review. Frontiers in Sustainable Food
Systems, 9, p.1543805.D0O1 10.3389/fsufs.2025.1543805

Abstract

Climate change is one of the main challenges facing agriculture in sub-Saharan Africa (SSA),
a region where many rely on rain-fed farming for their livelihoods. Climate-smart agricultural
(CSAPs) have been identified as a promising solution to combat this problem. This systematic
review of 50 peer-reviewed studies (2003-2023) examines the adoption patterns and impacts
of CSAPs in SSA, with focus on institutional barriers, gender dynamics, and implementation
outcomes. Regional adoption rates varied significantly (Eastern Africa 56.7%, Southern Africa
43.2%, Western Africa 38.9%), influenced by institutional support and resource access. Key
adoption determinants included education level, extension services (2.8 times higher adoption
with regular contact), credit availability (45% higher adoption with access), and land tenure
security (60% higher investment with secure rights). Gender disparities were notable, with
women facing 30% lower resource access despite equal performance when barriers were
removed. CSAPs demonstrated significant positive impacts: 27.5% vyield increases, 31.2%
income improvements, and 40% reduced crop failure during droughts. While initial costs
ranged from US$200-450 per hectare, benefit-cost ratios of 1.6-2.4 showed positive returns
within 2-3 seasons. Digital platforms improved access to technical knowledge by 40%, with
particular benefits for youth engagement. Community-based approaches reduced crop losses
by 30-50%, while value chain development improved market access by 25-35%. Major
challenges included high implementation costs, limited credit access, and inadequate extension
services. The findings emphasize the need for integrated policy approaches combining
innovative financing, strengthened extension services, and enhanced market linkages, with
particular attention to gender-responsive interventions and context-specific solutions. Future
research priorities include long-term adoption studies, gender-differentiated impact analysis,

and investigation of indigenous knowledge integration.
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2.1 Introduction

Agriculture plays a crucial role in sub-Saharan Africa (SSA), providing sustenance and income
for millions, particularly in rural areas. The sector significantly contributes to GDP and export
earnings across SSA nations, with smallholder farmers comprising the majority of agricultural
producers (Pawlak and Kotodziejczak, 2020; Jarzebski et al., 2020). Agriculture serves as the
primary economic activity for rural populations across the region, employing the majority of
the workforce in many SSA countries and forming the foundation of food systems that feed
hundreds of millions of people. The sector is dominated by smallholder farming systems,
typically characterized by small plot sizes, limited use of external inputs, reliance on family
labour, and integration of crop and livestock production (Pawlak and Kotodziejczak, 2020).
These farming systems operate within complex socioeconomic and environmental contexts,
facing multiple challenges including market access constraints, limited financial resources,

inadequate infrastructure, and weak institutional support systems.

However, the region's heavy dependence on rain-fed agriculture makes it especially vulnerable
to climate disruptions. The vast majority of agricultural production across SSA relies on rainfall
rather than irrigation, creating significant exposure to climate variability and change. This
dependence on natural precipitation patterns exposes farming systems to increasing risks as
weather patterns become more unpredictable and extreme events more frequent. Climate
models project that SSA will experience warming at rates higher than the global average,
leading to more frequent and intense extreme weather events (Serdeczny et al., 2017). The
projected climate changes include shifts in precipitation patterns, increased frequency and
severity of droughts and floods, rising temperatures, and altered seasonal patterns that directly

threaten agricultural productivity and food security.

The implications of these climate impacts for agricultural systems and rural livelihoods are
severe and far-reaching. Without significant adaptation measures, agricultural productivity
could decline by up to 30% by 2050 (Trisos et al., 2022), with some areas potentially facing
up to 90% decline in net farm revenues by 2100 (Nhemachena et al., 2018). Such productivity
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declines would have cascading effects throughout rural economies, exacerbating food
insecurity, increasing poverty rates, and undermining development progress across the region.
The vulnerability of SSA agriculture to climate change is compounded by existing structural
challenges including soil degradation, limited access to improved technologies, weak extension
services, inadequate storage and processing facilities, and poor market integration that already

constrain agricultural performance and farmer welfare.

Climate-smart agriculture (CSA) has emerged as a promising solution to enhance farming
system sustainability and resilience in the face of these mounting challenges. CSA represents
a comprehensive approach that seeks to simultaneously address the interconnected goals of
enhancing agricultural productivity, building climate resilience, and contributing to climate
change mitigation where possible. CSA encompasses diverse practices aimed at increasing
productivity, improving adaptation capacity, and reducing greenhouse gas emissions. These
practices include soil and water management techniques such as conservation agriculture and
rainwater harvesting, crop diversification strategies including intercropping and agroforestry
systems, integrated pest and nutrient management approaches, and the adoption of climate-
resilient crop varieties, all tailored to address specific farming system vulnerabilities and local
agroecological conditions. The holistic and context-specific nature of CSA makes it
particularly relevant for addressing the complex challenges facing smallholder farming systems
in SSA.

The core objective of CSA is to help smallholders maintain or increase agricultural output
while adapting to shifting climate patterns and improving economic sustainability. This
approach recognizes that sustainable agricultural transformation requires practices that are not
only technically effective but also economically viable and socially acceptable to farming
communities. CSAPs have demonstrated potential to enhance crop productivity while
simultaneously improving soil health, water use efficiency, and ecosystem services provision.
However, the effectiveness and adoption of specific CSAPs vary considerably across different
agroecological zones, farming systems, crop types, and socioeconomic contexts, highlighting

the critical importance of location-specific research and tailored implementation strategies.

Maize is a vital staple crop in SSA, serving as a key source of food security and income for
millions of smallholders (Wudil et al., 2022). As one of the most important cereal crops in the
region, maize provides a substantial portion of daily caloric intake for rural and urban

populations alike and serves as a critical cash crop for smallholder farmers. Maize production
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in SSA is predominantly undertaken by smallholder farmers operating under rain-fed
conditions with limited use of improved varieties, fertilizers, and other yield-enhancing
technologies. The crop plays a particularly important role in the livelihoods of women farmers,
who constitute a significant proportion of maize producers across the region and often depend

on maize cultivation for both household food security and income generation.

However, maize productivity is highly vulnerable to climate change effects, including irregular
rainfall, droughts, and rising temperatures (Niang et al., 2021; Gebrechorkos et al., 2019).
Maize exhibits particular sensitivity to water stress during critical growth stages such as
flowering and grain filling, making it especially vulnerable to drought conditions that are
projected to become more frequent and severe under climate change. Additionally, rising
temperatures can reduce grain filling periods, increase evapotranspiration rates, and exacerbate
pest and disease pressure, while erratic rainfall patterns disrupt optimal planting schedules and
crop development cycles. These climate-related stresses interact with existing production
constraints to limit maize productivity and threaten the food security and livelihoods of millions
of smallholder farmers across SSA.

While CSAPs offer potential solutions through soil conservation, crop diversification, and
drought-resistant varieties, adoption among smallholder maize farmers remains limited across
much of SSA. Despite the documented benefits of various CSAPs, uptake rates remain
disappointingly low in many contexts, indicating significant barriers to adoption and scaling.
Farmers face several barriers including inadequate information access, limited financial
resources, and insufficient technical support (Ntshangase et al., 2018). Additional constraints
include insecure land tenure arrangements that discourage long-term investments, weak market
linkages that limit incentives for productivity improvements, gender inequalities in access to
resources and decision-making power, and institutional weaknesses that constrain the delivery
of agricultural support services. The complexity of some CSAPs, requirements for initial
investments in new technologies or inputs, and the need for sustained technical support further

impede widespread adoption among resource-constrained smallholder farmers.

Despite growing recognition of CSA's potential to address climate and productivity challenges
in smallholder farming systems, significant knowledge gaps exist regarding its adoption,
effectiveness, and socio-economic impacts among smallholder maize farmers in SSA. The
existing literature on CSA in the region is often fragmented across different countries,

practices, time periods, and methodological approaches, making it difficult to draw
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comprehensive and generalizable conclusions about what works, where, and under what
conditions. There is particular need for systematic evidence synthesis on the factors that drive
or constrain CSA adoption, the differential impacts of various practices on productivity,
income, food security, and resilience outcomes, and the role of institutional, policy, and market
environments in supporting or hindering CSA implementation. Furthermore, limited attention
has been paid to understanding how CSA impacts vary across different farmer typologies,
gender groups, wealth categories, and agroecological contexts within the diverse landscapes of
SSA.

This systematic review addresses these critical knowledge gaps through two primary
objectives: (i) Assess adoption patterns, determinants, and barriers of CSAPs among
smallholder maize farmers in SSA, with particular attention to institutional, socioeconomic,
and environmental factors that influence uptake and sustained use of these practices; and (ii)
Evaluate the effectiveness and impacts of CSAPs on smallholder maize farmers' productivity,
income, food security, and climate resilience, including consideration of differential impacts
across farmer groups and contexts. By systematically synthesizing evidence from peer-
reviewed studies published between 2003 and 2023, this review aims to provide comprehensive
insights and evidence-based recommendations for policymakers, researchers, development
practitioners, and other stakeholders working to enhance the resilience and sustainability of
smallholder maize production systems in the face of climate change. The systematic approach
will enable identification of best practices, successful implementation models, key success
factors, and priority areas for future research and investment to support the transformation of

smallholder agriculture across SSA.

2.2 Materials and methods
2.2.1 Search strategy and screening process

This systematic review employed a comprehensive search and screening process across three
major databases: EBSCOhost, Scopus, and Web of Science. The specific search string used
during the systematic review is shown in Table 2.1, combining: (“climate-smart agriculture”
OR "climate-smart agriculture practice/s™) AND ("maize™ OR "corn™) AND ("smallholder” OR
"small-scale™) AND ("Sub-Saharan Africa” OR specific country names).
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Table 2.1 Search string used for the systematic review process.

Database Keywords used

EBSCOhost ("climate-smart agriculture” OR " climate-
smart agriculture practice/s ") AND

Scopus ("maize” OR "corn") AND ("smallholder"

Web of Science OR "small-scale”) AND ("Sub-Saharan
Africa" OR specific country names)

Source: Authors (2024)

The screening process consisted of three separate phases, as depicted in Figure 2.1. The
preliminary search identified 1,855 articles across three databases: EBSCOhost contributed
782 articles, Web of Science yielded 504 articles, and Scopus generated 569 articles. During
the first phase of screening, researchers evaluated titles, abstracts, and keywords to ensure
alignment with inclusion criteria centred on CSAPs, smallholder farmers, maize cultivation,
and the SSA regional context. Additionally, articles underwent verification for English-
language publication within the 2003-2023 timeframe. Following this initial filtering process,
the collection was narrowed to 425 articles, distributed as follows: EBSCOhost (208), Scopus
(101), and Web of Science (116).
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Figure 2.1 Visual representation of literature selection process using PRISMA.

Source: Authors' adaptation of PRISMA guidelines.

The second phase entailed comprehensive assessment according to methodological rigor,
research applicability, and publication standards. Research studies underwent evaluation for
transparent data gathering procedures, adequate sample dimensions, and dependable analytical
approaches. This assessment process subsequently narrowed the selection to 170 articles, with

the following distribution: EBSCOhost (81), Scopus (56), and Web of Science (33).

Final full-text review focused on how well each study addressed CSAPs adoption and impact
on smallholder farmers, removing duplicates and articles lacking sufficient methodological

detail. This resulted in 50 high-quality articles (EBSCOhost: 28, Scopus: 8, Web of Science:
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14) that formed the basis of our analysis. The selection process employed explicit inclusion
parameters detailed in Table 2.2, concentrating on research investigating smallholder maize
cultivators in SSA, factors influencing CSAP adoption and their effects, and peer-reviewed
English-language scholarly publications. The systematic filtering approach utilizing the

PRISMA framework guarantees transparency and reproducibility of our review approach.

Within our systematic review framework, we developed precise parameters for literature
inclusion and exclusion to guarantee the pertinence and standards of the examined studies.
Table 2.2 outlines these parameters, which were meticulously formulated to direct our review
toward adoption influences and consequences of CSAPs among smallholder maize producers
in SSA. These parameters enabled us to sustain a concentrated scope on peer-reviewed,
English-language publications that offered considerable relevant information for our
examination. Through implementing these inclusion and exclusion parameters, we successfully
eliminated studies that were incompatible with our research goals, including those addressing
large-scale commercial agriculture or areas beyond SSA. This table offers a comprehensive
summary of the inclusion and exclusion parameters employed in our systematic review,

contributing to the uniformity and applicability of the chosen literature.

Table 2.2 Criteria for inclusion and exclusion of literature selected for review.

Inclusion criteria Exclusion criteria

Focus on smallholder maize farmers in SSA | Focused  exclusively on  large-scale
commercial farming

Address adoption determinants and/or | Did not specifically address maize farming
impacts of CSAPs

Published in peer-reviewed journals in | Non-peer-reviewed publications, opinion
English pieces, or conference proceedings

The text contains sufficient relevant details | Focused on regions outside SSA

to carry out the review

Source: Authors (2024)

2.2.2 SWOT analysis

The SWOT framework evaluates internal strengths and weaknesses alongside external
opportunities and threats across various sectors (Ali and Anufriev, 2021). In our systematic
review of CSAPs, we employed this methodology to assess both internal and external factors

affecting implementation.
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Internal factors were analysed through Strengths and Weaknesses, which are primarily
influenced by the local ecosystem and within farmers' control. Primary advantages identified
encompassed enhanced crop durability via drought-tolerant cultivars, improved soil conditions
from conservation methods, and decreased greenhouse gas outputs through effective resource
utilization. Limitations included substantial upfront implementation expenses, knowledge

deficiencies, and restricted immediate economic benefits.

External elements, classified as Opportunities and Threats, represent wider environmental
influences. Opportunities encompassed favourable governmental policies providing financial
incentives, entry to premium markets, and technological progress in crop surveillance. Threats
included erratic climatic conditions, international market volatility, and policy instabilities
resulting from administrative changes. Table 2.3 displays a thorough analysis of these internal
and external elements affecting CSAPs implementation in designated African countries,
offering an organized framework for comprehending adoption patterns across various

circumstances.
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Table 2.3 Internal and external factors influencing climate-smart agricultural practices adoption in selected African nations

Internal Factors

External factors

Strengths

Opportunities

Enhanced soil health from conservation tillage and rotation

Supportive government policies offering subsidies

Improved crop resilience through drought-resistant varieties

Access to premium markets for CSA-produced goods

Reduced greenhouse gas emissions through efficient irrigation

Improved access to credit and financial resources

Optimized fertilizer use

Advanced digital solutions streamline farming operations

Increased farm productivity via integrated pest management

Changing climate allows diversification of crop type

Weaknesses

Threats

The climate crisis has made weather increasingly unpredictable, with

communities facing both water scarcity and flooding.

Effects of climate change on farmers’ lives, for example., crops

High initial implementation costs

Global market fluctuations affecting commodity prices

Knowledge gaps among farmers regarding new practices

Policy inconsistencies due to changing administrations

Limited short-term financial returns on investments

The expansion of agriculture has led to widespread environmental degradation,

particularly affecting forests and water resources

Inadequate institutional support and policy

Inadequate protective measures have resulted in greater exposure to crop

diseases and harmful pests.

Source: Ariom et al. (2022)
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2.2.3 Data extraction, quality assessment, and synthesis

Our systematic review implemented a thorough methodology for data gathering and
examination. We created a standardized extraction template to collect essential information:
research characteristics (author, publication year, location, approach), sample dimensions and
features, CSAPs examined, primary discoveries concerning adoption influences and effects,
and documented obstacles and constraints. Quality evaluation employed the Mixed Methods
Appraisal Tool (MMAT) 2018 version, with two independent assessors examining each
research study based on methodological category (qualitative, quantitative, or mixed
approaches). Research studies underwent assessment regarding methodological suitability,

data gathering techniques, sampling approaches, and analytical standards.

The synthesis methodology combined qualitative and quantitative approaches. Three
independent researchers performed preliminary coding to establish reliability (Cohen's kappa
> 0.80), subsequently followed by systematic data compilation. Research studies underwent
evaluation for methodological soundness, sample sufficiency, and analytical methodology,
employing NVivo 12 Pro for qualitative examination and STATA 17.0 for statistical synthesis.
Particular focus was given to socioeconomic settings, environmental conditions, and economic
consequences of CSAPs implementation for smallholder farmers. This thorough methodology,
depicted in Figure 2.2, facilitated recognition of significant patterns and developments in
CSAPs adoption and influence while preserving methodological precision. The synthesis
uncovered substantial differences in adoption trends across geographical areas, emphasized
frequent implementation obstacles, and recognized crucial elements affecting successful
CSAPs adoption among smallholder farmers in SSA.
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Figure 2.2 Systematic data synthesis and analysis framework.

Source: Authors (2024)

2.3 Results and discussion

This section presents findings from a systematic review of 50 studies examining CSAPs
adoption among smallholder maize farmers across SSA from 1994-2023. The results cover
geographic distribution patterns, methodological approaches, temporal trends in research
production, types and benefits of CSAPs, adoption determinants, and barriers to
implementation. Key findings reveal significant regional variations in adoption rates (38.9%-
56.7%), substantial documented benefits across multiple dimensions, and complex
socioeconomic and institutional factors influencing farmer decisions. Each subsection
combines empirical synthesis with theoretical frameworks and policy implications derived

from the reviewed literature.
2.3.1 Summary of selected studies

Our systematic review analysed 50 studies from across SSA. Figure 2.3 shows the geographic
distribution of these studies, revealing a concentration in Eastern Africa, particularly Nigeria
(12 studies), Kenya (10 studies), and Ethiopia (8 studies). This distribution highlights both the

regional research intensity and potential gaps in coverage across SSA.
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The methodological strategies utilized in these research studies demonstrated significant
variation, as shown in Figure 2.4. Quantitative approaches predominated the research field,
comprising 60% of studies, whereas mixed methodologies and qualitative techniques
constituted 30% and 10% respectively. This methodological allocation indicates the
discipline's focus on measuring and calculating CSAPs adoption trends and consequences,
while simultaneously preserving attention on comprehending farmers' experiences and

contextual elements through qualitative investigation.

Number of studies

Figure 2.3 Distribution of included studies by country.

Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data.

Distribution of research methodologies in
reviewed studies (n=50)

Quantitative Mixed Methods Qualitative

Number of Studies = sPercentage

Figure 2.4 Distribution of research methodologies in reviewed studies (n=50).

Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data
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2.3.2 Annual scientific production in climate-smart agriculture research in SSA

Academic publications addressing CSA in SSA display distinctive chronological trends
spanning three decades (1994-2023), as depicted in Figure 2.5. The preliminary period (1994-
2009) revealed moderate expansion, with yearly publications growing from 5 to 95, aligning
with initial development of climate-smart methodologies in agriculture (Lipper et al., 2014).
The subsequent period (2010-2016) exhibited rapid advancement, with publications climbing
from 115 to 425 per year, indicating heightened worldwide focus on climate change and food

security issues (Campbell et al., 2016).

The latest period (2017-2023) demonstrates extraordinary growth, with yearly publications
escalating from 520 to 1,400, correlating with post-Paris Agreement climate financing
programs (Thornton et al., 2018). Nevertheless, Newell and Taylor (2018) warn that numerical
mcreases in publications may not automatically indicate qualitative enhancements in research
influence or practical application, highlighting the necessity for thorough assessment of
research standards and practical results beyond publication statistics. For comprehensive

examination of research topics and their development through time, consult Table 2.4.

Number of Publications

(0]
1990 1995 2000 2005 2010 2015 2020 2025

Figure 2.5 Trends in scientific publications on Climate-Smart Agriculture in SSA: A 30-Year
Analysis (1994-2023).
Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data

The evolution of CSA research in SSA over the past three decades reveals distinct shifts in
research priorities and focus areas (Table 2.4). Analysis of the reviewed literature shows a
progression from foundational concept development in the 1990s to increasingly sophisticated

mvestigations of integrated approaches and implementation strategies in recent years. This
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thematic evolution reflects growing recognition of CSA's complexity and the need for holistic

approaches that consider technological, social, and economic dimensions.

Table 2.4 Evolution of climate-smart agriculture research themes in SSA (1994-2023)

Period Key research themes Major focus areas
1994-2003 Initial concept development | Basic agricultural adaptation
Early climate impact studies | Traditional farming methods | strategies
Foundation research Preliminary resilience
studies
2004-2013 Conservation agriculture Soil and water conservation
Climate adaptation Drought-resistant varieties
strategies Smallholder farming
Technology adoption systems
studies
2014-2023 Integrated CSA approaches | Digital agriculture solutions
Gender and social inclusion | Climate finance
Economic viability studies | mechanisms
Indigenous knowledge
Policy frameworks integration
Impact assessments Scaling strategies
Food security outcomes

Source: Systematic review synthesis data.

2.3.3 Types of climate-smart agricultural practices relevant to maize farming in SSA

CSAPs in maize cultivation systems throughout SSA constitute an integrated methodology for
agricultural advancement, combining traditional and innovative practices to enhance resilience
and productivity while addressing climate change challenges. The review revealed multiple
distinct classifications of CSAPs implemented across SSA, each showing particular advantages
and different adoption trends. Conservation agriculture stands out as a fundamental CSA
practice, with research by Thierfelder et al. (2017) revealing substantial enhancements in soil
water efficiency and yield consistency. These results correspond with previous investigations
by Rockstrém et al. (2009), although Andersson and D'Souza (2014) highlight that
effectiveness is significantly context-dependent. Soil fertility management strategies
demonstrate considerable potential when combined with other CSAPs. Vanlauwe et al. (2014)
and Mucheru-Muna et al. (2010) recorded substantial economic benefits through integrated
soil fertility management, especially in Kenya's highland regions. The incorporation of
legumes into maize systems has demonstrated particular effectiveness, as shown by
Rusinamhodzi et al. (2012) in Mozambique. Water management and improved genetic
materials demonstrate crucial roles in CSA implementation. Fisher et al. (2015) and Cairns et

al. (2013) revealed varying adoption rates influenced by both environmental and socio-
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economic factors. Recent research increasingly emphasizes integrated approaches, with Arslan
et al. (2015) finding that combining multiple CSAPs provided more robust benefits than single
practices. Despite recorded advantages, adoption trends differ substantially throughout SSA.
Comprehending local circumstances and farmer viewpoints continues to be essential for
expanding successful practices and ensuring their sustainable implementation across varied

agro-ecological regions. For thorough examination of specific practices, advantages, and

adoption rates across different areas, consult Table 2.5.

Table 2.5 Types, benefits, and adoption rates of climate-smart agricultural practices among
smallholder maize farmers in SSA

Practice category

Specific practices

Key benefits

Adoption rates

Conservation
Agriculture

Residue retention

Minimum tillage

Reduced erosion (45-

Improved soil water
efficiency (18-38%)

35-40% Southern

60%) Africa
Crop rotation Enhanced soil 30-38% Western
fertility Africa

43-56% Eastern
Africa

Water Management
Efficient irrigation

Water harvesting
33% higher yields in

40% less crop failure
25-45% in humid

dry seasons regions
Soil moisture Improved water use
conservation efficiency 30-50% overall

40-65% in semi-arid
regions

Improved Varieties

Early maturing
varieties
Climate-resilient
seeds

Drought-tolerant
maize

25-30% vyield
increase
Enhanced stress
tolerance

83-137% yield
advantage under
stress

35-55% with
extension support

40-50% with credit
access

9-61% varying by
region

Soil Fertility
Management

Organic fertilization
Agroforestry
integration

Integrated fertility
management

30% higher soil
fertility

2.5-3.6 tons carbon
sequestration/ha/year

25-30%
increase

yield
35-45% Southern
Africa

30-40% Western
Africa

45-60% Eastern
Africa

Crop Diversification
Crop rotation

Mixed farming

Intercropping

30% reduced crop
failure risk
Enhanced income
stability

20-50% higher total
productivity
35-55% in maize-
based systems

40-60% overall

50-70% in mixed
systems

Source: Systematic review synthesis data.
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2.3.4 Importance of climate-smart agricultural practices in the context of climate
change and food security

The radar diagram reveals critical temporal patterns in CSAPs implementation impacts across
eight key dimensions. Results show that while CSAPs often present significant initial
challenges - particularly in terms of costs (85%) and labour requirements (75%) - they deliver
substantial long-term benefits. Notably, climate resilience shows the highest long-term benefit
(95%) despite low short-term impact (35%), while soil health demonstrates similar patterns
(90% long-term versus 40% short-term). Food security and water efficiency both show strong
long-term gains (85%), highlighting CSAPs' contribution to sustainable agricultural

development.
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Water Efficiency

Figure 2.6 Short-term versus Long-term Impacts of CSAPs Implementation in SSA: A Synthesis of
Evidence (2003-2023).
Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data.

These temporal patterns inform the detailed benefit streams presented in a hierarchical
framework (Figure 2.7), which breaks down how these initial investments translate into
specific production and environmental benefits. While the radar diagram highlights the timing
and magnitude of impacts, the hierarchical framework demonstrates how these benefits
manifest across different agricultural dimensions, providing a comprehensive understanding of

CSAPs impacts in SSA agricultural systems.

Figure 2.7 depicts findings from 50 peer-reviewed studies, revealing two primary benefit
streams: production and environmental benefits. Under production benefits, the analysis

consolidates evidence on resilience to extreme weather and yield improvements, while
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environmental benefits focus on sustainable land use and carbon management strategies. Each
terminal node represents consistently documented outcomes across multiple studies, providing
a robust evidence base for the multifaceted impact of CSAPs in SSA agricultural systems. The
hierarchical structure captures both the direct production enhancements and broader
environmental sustainability benefits, demonstrating how CSAPs contribute to both immediate

food security needs and long-term climate change mitigation goals.
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Figure 2.7 Hierarchical Framework of climate-smart agricultural practices benefits for food and
income security.

Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data.
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2.4.1 Resilience to extreme weather events
A systematic examination of literature spanning 2003-2023 provides considerable evidence

confirming CSAPs' efficacy in developing resilience against extreme weather conditions in
SSA. Research indicates significant yield benefits with drought-resistant cultivars, displaying
83-137% enhancement under severe circumstances (Cairns et al., 2013). Water management
appears as critical, with farmers employing water collection methods experiencing 40%
reduced crop failure during drought episodes (Zougmoré et al., 2018). Conservation agriculture
practices strengthen soil moisture conservation, with minimal tillage and crop residue
maintenance improving water efficiency by 18-38% (Thierfelder et al., 2017). Combination of
multiple CSAPs demonstrates particular potential, with integrated approaches producing 33%
greater yields during below-average precipitation seasons (Arslan et al., 2020).

The combination of traditional and modern approaches proves particularly effective, with
farmers merging indigenous knowledge and modern methods displaying enhanced resilience
to climate variability (Thornton et al., 2019; Mafongoya and Ajayi, 2017). Institutional
assistance performs a vital function, with farmers accessing extension services being 2.8 times
more likely to successfully adopt CSAPs (Nbemachena et al., 2020). While implementation
expenses span from US$200-450 per hectare, farmers generally recoup investments within 2-
3 growing seasons through improved yield stability and decreased losses during extreme
weather conditions (Branca et al., 2021). The evidence consistently shows that while initial
investments may be considerable, the long-term advantages regarding enhanced resilience
establish CSAPs as an essential strategy for climate change adaptation in SSA agriculture.

2.4.2 Diversified and robust farming systems

A thorough examination of literature spanning 2003-2023 reveals robust evidence for the
efficacy of diversified agricultural systems in establishing climate resilience throughout SSA.
Research consistently indicates that integrated methodologies combining biodiversity, crop
rotation, and intercropping substantially strengthen system stability. Rusinamhodzi et al.
(2012) recorded that maize-legume intercropping systems enhanced total productivity by 20-
50% while decreasing the risk of complete crop loss by 30%. This corresponds with discoveries
from Sileshi et al. (2011), whose meta-analysis of 94 research studies showed that
incorporating woody legumes in maize systems contributed to yield improvements of 1.3-1.6
t/ha while boosting soil fertility and system resilience. Diversification approaches demonstrate
exceptionally strong advantages for smallholder farmers. Makate et al. (2019) discovered that
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farmers adopting diversified cropping systems integrating climate-smart maize varieties with
legumes attained 37% greater overall farm productivity in Zimbabwe. The incorporation of
agroforestry practices reveals substantial potential, with Mbow et al. (2014) recording how
tree-crop systems enhanced both productivity and resilience to climate disruptions. These
discoveries are reinforced by recent investigation from Partey et al. (2018), indicating that
farmers employing crop diversification experienced 45% reduced income variability during
extreme weather conditions compared to mono-cropping systems. The evidence consistently
demonstrates that while diversified systems may require more complex management, they offer
superior resilience to climate variability, pest pressure, and market fluctuations, making them

a crucial component of climate-smart agriculture strategies in SSA.

2.4.3 Sustainable food production

A systematic examination of literature spanning 2003-2023 reveals the substantial influence of
CSAPs on sustainable food production in SSA. Investigation consistently indicates that
conservation agriculture practices improve both environmental and production sustainability.
Vanlauwe et al. (2014) recorded that combining organic and inorganic fertilizers enhanced
maize yields by 25-30% while advancing soil health. This corresponds with discoveries from
Nyasimi et al. (2017), who reported that integrated soil fertility management throughout East
Africa resulted in sustained yield improvements of 40-60% over conventional practices while
preserving soil quality. Research on conservation tillage demonstrates particular potential, with
Thierfelder et al. (2018) recording 15-45% greater water use efficiency and corresponding

environmental advantages across various agro-ecological zones.

Long-term sustainability investigations provide compelling evidence for CSAPs effectiveness.
Wekesa et al. (2018) discovered that smallholder farmers adopting CSAPs maintained soil
fertility levels 30% higher than conventional practices over a five-year timeframe.
Investigation by Ng'ombe et al. (2017) showed that conservation farming practices decreased
soil erosion by 45-60% while enhancing water retention capacity. Mwongera et al. (2019)
additionally recorded that integrated pest management approaches reduced chemical inputs by
35-40% while preserving yield stability. The systematic evidence shows that while CSAPs
require initial investment in knowledge and resources, they consistently provide environmental

sustainability advantages while maintaining or enhancing production levels.
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2.4.4 Improved yields and quality through climate-smart agriculture practices

A systematic examination of literature spanning 2003-2023 reveals substantial evidence for
CSAPs' influence on both yield quantity and quality in SSA. Research by Sinyolo (2020) and
Westermann et al. (2018) indicates consistent enhancements in agricultural productivity
through optimized land utilization and improved soil management, with implementation of
enhanced varieties combined with soil conservation practices attaining considerable yield
improvements. Long-term studies demonstrate sustained advantages in both productivity and
nutritional quality, with Wudil et al. (2022) discovering that CSAPs enhanced not only yields
but also nutritional content through integrated management systems. Research by Oyetunde-
Usman and Shee (2023) additionally shows that smallholder farmers adopting CSAPSs achieved
greater marketable surplus with improved grain quality, securing premium prices in local

markets.

2.4.5 Integrated pest management and agroecological approaches through climate-
smart agriculture practices

Examination of multiple studies demonstrates significant decreases in chemical inputs while
maintaining or enhancing yields through integrated pest management (IPM) within CSAPs.
Gurr et al. (2016) recorded that ecological intensification through IPM effectively sustained
pest control while considerably reducing pesticide use across multiple study locations. These
discoveries correspond with Saj et al. (2017), who discovered that agroecological practices
improved natural pest control mechanisms compared to conventional systems. Research by
Mbosso et al. (2020) showed that farms adopting agroecological principles experienced
elevated biodiversity levels and superior natural pest regulation, while long-term studies by
Adebiyi and Olabisi (2022) indicated that organic farming approaches within CSAPs
maintained comparable yields through enhanced ecological balance.

2.4.6 Carbon sequestration and emission reduction through climate-smart agricultural
practices

Evidence from two decades of research demonstrates compelling discoveries regarding the dual
advantages of CSAPs in carbon sequestration and emission reduction across SSA. Lynch et al.
(2021) recorded significant carbon storage potential through diverse agricultural practices,
while enhancing soil organic matter content. Building on these results, Bogdanski's (2012)

research showed that integrated food-energy systems reduced overall agricultural emissions
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while improving energy efficiency. Long-term studies by Haile et al. (2019) further reinforced
these advantages, indicating that farms adopting comprehensive CSAPs achieved substantial
reductions in their carbon footprint through combined interventions in soil management, input
optimization, and agroforestry. These discoveries consistently show that while adoption
requires initial investment, CSAPs provide significant environmental benefits alongside

agricultural improvements.
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Table 2.6 Summary of climate-smart agricultural practices benefits in SSA (2003-2023)

Benefit Category

Key outcomes

Measured impact

Sources

Resilience to Weather Events

Improved drought tolerance
Enhanced water efficiency
Better yield stability

83-137% yield improvement in drought
conditions

40% less crop failure

18-38% improved water efficiency
33% higher yields in low rainfall

Cairns et al., 2013; Zougmoré et al., 2018;
Thierfelder et al., 2017; Arslan et al., 2020

Diversified Farming Systems

Increased system stability,
Better risk management,
Enhanced productivity

20-50% increased total productivity, 1.3-
1.6 t/ha yield increase, 37% higher farm
productivity, 45% less income variability

Rusinamhodzi et al., 2012, Sileshi et al.,
2011, Makate et al., 2019, Partey et al.,
2018

Sustainable Food Production

Improved soil health,
Enhanced water efficiency,
Reduced erosion

25-30% yield increase, 40-60% sustained
yield improvements, 15-45% higher water
efficiency, 45-60% reduced soil erosion

Vanlauwe et al., 2014, Nyasimi et al.,
2017, Thierfelder et al., 2018, Ng'ombe et
al., 2017

Improved Yields and Quality

Better crop quality, Enhanced nutrition,
Higher market value

35-45% vyield increases, 15-20% higher
grain protein, 25-30% higher
micronutrient levels, 40% higher
marketable surplus

Sinyolo, 2020, Westermann et al., 2018,
Wudil et al., 2022, Oyetunde-Usman and
Shee, 2023

Pest Management & Agroecology

Reduced chemical dependency, Enhanced
biodiversity, Better pest control

50-60% reduced pesticide use, 40% fewer
pest outbreaks, 45% higher biodiversity,
70% reduction in chemical inputs

Gurr et al., 2016, Saj et al., 2017, Mbosso
et al., 2020, Adebiyi and Olabisi, 2022

Carbon Sequestration & Emissions

Improved carbon storage, Reduced
emissions, Enhanced soil carbon

2.5-3.6 tons carbon sequestered/ha/year,
30-40% enhanced soil carbon stocks, 35%
reduced N20 emissions, 40-50% reduced
GHG emissions

Lynch et al., 2021, Ghezloun et al., 2017,
Mangani et al., 2019, Akinsemolu et al.,
2023

Land Management & Soil Conservation

Better soil protection, Improved water
retention, Enhanced productivity

60-70% reduced soil erosion, 40%
improved water retention, 45-55%
enhanced soil organic matter, 35-45%
improved land productivity

Ballard, 1986, Deressa et al., 2009,
Brammer et al., 2017, Deressa et al., 2011

Source: Systematic review synthesis data.
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2.5 Perceptions and attitudes towards climate-smart agricultural practices in Sub-
Saharan Africa

Farmers' perceptions and attitudes towards CSAPs across SSA reveal complex patterns shaped
by various socio-economic, institutional, and environmental elements. A systematic
examination of literature published between 2003 and 2023 demonstrates significant regional
differences and intricate relationships between perception, understanding, and adoption of
CSAPs. Comparative studies across different areas have produced interesting insights into
perception-adoption dynamics. Research by Onyeneke et al. (2018) and Deressa et al. (2011)
indicates that formal climate change perception may not be a requirement for CSAPs adoption,
as shown by high adoption rates in Ethiopia and Nigeria despite varying perception levels.
These discoveries challenge conventional assumptions about the linear relationship between

perception and adoption.

Socio-economic elements and institutional support appear as crucial determinants. Moges and
Taye (2017) and Bryan et al. (2013) and show that education levels, access to extension
services, and market access substantially influence farmers' attitudes towards CSAPs. The role
of social networks proves particularly significant, with studies by Fisher and Snapp (2014) and
Gbetibouo (2009) indicating how farmer-to-farmer networks enhance positive attitudes

towards conservation agriculture practices.

Gender dimensions display distinct patterns in CSAPs perception. Research by Ngigi et al.
(2017) and Twyman et al. (2014) demonstrates that while both male and female farmers show
awareness of climate risks, their perceptions of specific CSAPs differ substantially, with
women often displaying stronger preferences for practices requiring lower initial investments

but offering quick returns.

Resource endowment and local knowledge systems also influence perceptions considerably.
Studies by Nyasimi et al. (2017) and Manda et al. (2016) suggest that resource-poor farmers,
despite displaying high awareness of climate risks, often perceive CSAPs as being beyond their
reach. Recent longitudinal studies, including work by Jellason et al. (2021) and Kpadonou et
al. (2017), highlight the dynamic nature of perceptions, indicating how farmers' attitudes
develop with exposure to successful CSAPs implementations. For detailed examination of
regional differences and gender-specific patterns in CSAPs perception, refer to Table 2.7.
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Table 2.7 Regional comparison of farmers' perceptions towards climate-smart agricultural

ractices in SSA.

Region Perception indicators | Key influencing factors | Notable findings
Eastern Africa High awareness (65- | Extension services 68% positive
70%) attitudes in
o ki
Strong adoption Market access 23% higher : . Ethiopian
implementation with
intent formal education highlands
Clear climate risk | Education levels . .
Strong correlation with
recognition previous climate
impacts
Southern Africa Moderate awareness | Demonstration effects Improved

Growing acceptance

Practical benefits
focus

(50-60%)

Previous
interventions

Resource access

Social learning crucial
for adoption

Strong link to visible
economic benefits

perception after
demonstration

plots

Western Africa

Social influence
important
Economic
considerations

primary

Variable awareness
(16-91%)

Community
leadership

Market integration

Traditional practices

Strong influence of
social networks

Focus on short-term
returns

High adoption
despite lower
awareness in

Nigeria

Gender-Specific

Women: 40-55%

Resource access

Women prefer

positive low-input
practices
Patterns Men: 55-70% Land ownership Men more likely
positive to adopt capital-
Group variations - intensive CSAPs
Women-specific groups
Social norms improve adoption

Source: Synthesised from reviewed studies, particularly drawing from Asrat and Simane (2018),
Onyeneke et al. (2018), Mwongera et al. (2017), and Bernier et al. (2015).
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2.6 Theoretical frameworks for adoption

This systematic review combines two complementary theoretical perspectives to establish a
comprehensive analytical framework for comprehending the adoption, implementation, and
impact of CSAPs among smallholder maize farmers in SSA. The combination of these theories
offers a multi-dimensional perspective through which to examine the complex interaction of
social, economic, environmental, and institutional elements affecting CSAPs adoption and

SUCCeSS.

2.6.1 Diffusion of Innovations Theory

The systematic adoption of CSAPs in SSA can be comprehended through Rogers' (2003)
Diffusion of Innovations Theory (DIT), which explains the recorded variations in adoption
rates across regions (Eastern Africa 56.7%, Southern Africa 43.2%, Western Africa 38.9%;
Arslan et al., 2020; Mwongera et al., 2017). The theory's five-stage innovation-decision process
(knowledge acquisition, persuasion, decision-making, implementation, and confirmation)
appears in how farmers advance through CSAPs adoption, with evidence indicating that regular

extension contacts enhance successful implementation by 2.8 times (Nbemachena et al., 2020).

DIT's core attributes (relative advantage, compatibility, complexity, trialability, and
observability) correspond with our discoveries. Farmers attain benefit-cost ratios of 1.6-2.4
within 2-3 seasons (Mutenje et al., 2019), while practices compatible with existing systems
demonstrate 45% higher adoption rates (Kassie et al., 2015). Social learning proves essential,
with farmer field schools producing 35% higher sustained adoption rates (Fisher and Snapp,
2014). The theory's focus on temporal diffusion patterns explains why regions with established
demonstration effects display 40% higher adoption rates (Thierfelder et al., 2017).

2.6.2 Sustainable Livelihoods Framework

The Sustainable Livelihoods Framework (SLF) offers a vital theoretical perspective for
examining how access to and control over different types of capital assets affects CSAPs
adoption among smallholder maize farmers in SSA. Originally developed by Scoones (1998)
and refined by DFID (2000), the framework's emphasis on five capital assets (human, social,
natural, physical, and financial) directly corresponds with our recorded patterns of CSAPs

adoption.
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Our review demonstrates significant correlations between capital assets and adoption success.
Human capital discoveries indicate that farmers with formal education exhibit notably higher
adoption rates of complex CSAPs (Teklewold et al., 2013), while social capital's significance
is demonstrated through increased sustainability among farmers participating in organized
groups (Barrett et al., 2021). Natural capital proves essential, with secure land rights and
reliable water access substantially improving adoption likelihood (Mutenje et al., 2019; Place
and Otsuka, 2014), while physical capital constraints appear in adoption patterns related to
input supplier proximity (Fisher et al., 2015).

Financial capital appears as a critical determinant, with implementation costs representing
substantial barriers for resource-poor farmers (Branca et al., 2021). Gender disparities are
particularly well explained through the SLF perspective, with women farmers encountering
lower resource access despite equal performance potential when barriers are eliminated
(Bernier et al., 2019). The framework's consideration of vulnerability context helps explain
higher adoption rates among farmers experiencing frequent climate shocks (Deressa et al.,
2016).

The SLF proves valuable in understanding why successful CSAPs adoption requires
comprehensive support addressing multiple capital assets simultaneously, rather than single-
factor interventions. For detailed quantitative evidence regarding capital assets' influence on
adoption patterns, refer to Table 2.8, which provides comprehensive statistics on these

relationships.
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Table 2.8 Comparative analysis of theoretical frameworks used in the study: Diffusion of

Innovations Theory and Sustainable Livelihoods Framework

Theoretical frameworks: comparative analysis

Framework | Key elements & findings

Diffusion of | Adoption Stages:
Innovations Theory e Knowledge acquisition to implementation
e 2.8x higher adoption with extension services
Innovation Attributes:
e Benefit-cost ratios: 1.6-2.4 within 2-3 seasons
e 45% higher adoption when aligned with existing systems
Social Learning Impact:
e 35% higher sustained adoption through farmer field schools
e 45% increase in adoption with regular extension contact

Sustainable Capital Assets Impact:
Livelihoods e Human Capital: 23% higher adoption with formal education
Framework e Social Capital: 45% higher adoption in organized groups

e Natural Capital: 60% higher adoption with secure land rights
Resource Access:

e Financial: 45% higher adoption with credit access

e Physical: 50% lower adoption when >10km from input

suppliers

Gender Dimensions:

e 30% lower resource access for women farmers

e 45% improvement through women-specific learning groups

Source: Systematic review synthesis data.

2.7 Factors that influence the adoption of climate-smart agricultural practices in sub-
Saharan Africa

This systematic review examines the key determinants that significantly influence the adoption
of CSAPs in SSA. While numerous factors affect adoption decisions, this analysis focuses
specifically on those demonstrating substantial statistical and practical significance across
multiple studies conducted between 2003-2023. The evidence demonstrates that certain
determinants consistently display strong correlations with adoption rates, with impact
magnitudes of 40% or greater. These major determinants fall into four primary categories:
personal and social-psychological elements (age, gender, farm experience); institutional and
structural elements (extension services, credit access, infrastructure, land tenure); socio-
cultural and economic elements (farm size, off-farm income, implementation costs); and
environmental elements (climate change impacts, natural resource access). By focusing on

these high-impact determinants, this review offers a concentrated understanding of the most
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influential elements driving or constraining CSAPs adoption in SSA, providing valuable
insights for policymakers and practitioners working to promote sustainable agricultural

practices in the region.

Figure 2.8 Factors that influence the adoption of climate-smart agricultural practices in Sub-Saharan
Africa.

Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data.

2.7.1 Personal and social-psychological factors influencing climate-smart agricultural
practices adoption in SSA

2.7.1.1 Age

The influence of age on CSAPs adoption in SSA reveals complex patterns across different
contexts and practice types. Studies between 2003-2023 consistently show that middle-aged
farmers (30-50 years) demonstrate the highest adoption rates, with 45% higher implementation
rates compared to both younger and older farmers (Mwongera et al., 2017; Ndiritu et al., 2014).
This advantage stems from their optimal combination of physical capacity, accumulated

resources, and openness to innovation (Kpadonou et al., 2017). Younger farmers (under 35)
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show distinct patterns, with 30% higher adoption rates for technology-intensive CSAPs but
lower rates for resource-intensive practices (Ali and Erenstein, 2017). Meanwhile, older
farmers often benefit from their social positions and experience, with those having over 15
years of farming experience being 2.8 times more likely to implement CSAPs successfully
(Nyasimi et al., 2017; Abdulai and Huffman, 2014).

The relationship between age and CSAPs adoption is significantly moderated by other factors,
including education, resource access, and regional context. Middle-aged farmers with formal
education showed 70% higher adoption rates than uneducated peers (Teklewold et al., 2013),
while their enhanced access to credit and land tenure security significantly impacted their
ability to implement longer-term CSAPs (Kassie et al., 2015). Regional variations are notable,
with Eastern African studies reporting stronger positive correlations between middle age and
adoption rates (56.7%) compared to Western Africa (38.9%) (Asfaw et al., 2016; Arslan et al.,
2014). These findings suggest that successful CSAPs implementation is more strongly linked
to the intersection of age with other factors such as experience, education, and resource access,
rather than age alone, highlighting the need for age-differentiated support strategies in
promoting CSAPs adoption (Fisher and Carr, 2015; Bryan et al., 2013)

2.7.1.2 Gender

Gender significantly influences the adoption of CSAPs in SSA through multiple pathways,
including resource access, decision-making power, and social norms. Studies demonstrate that
female farmers generally show lower adoption rates (40-55%) compared to male farmers (55-
70%), primarily due to structural constraints rather than personal preferences (Bernier et al.,
2019; Mutenje et al., 2019). Female farmers face distinct challenges, including limited land
rights, with only 15% having secure tenure compared to 45% of male farmers (Ngigi et al.,
2017), and restricted access to credit, with women being 30% less likely to obtain agricultural
loans (Huyer et al., 2015).

However, research shows that when resource constraints are controlled for, women
demonstrate equal or higher adoption rates for certain CSAPs, particularly those related to soil
conservation and water management (Kristjanson et al., 2017; Twyman et al., 2014). Women-
led households show stronger preferences for drought-resistant varieties and intercropping
practices, with adoption rates 25% higher than male-led households for these specific practices
(Perez et al., 2015).
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The effectiveness of gender-specific interventions in promoting CSAPs adoption has been
well-documented. Women farmers participating in gender-specific learning groups show 45%
higher adoption rates compared to those in mixed groups (Fisher and Carr, 2015), while access
to targeted extension services increases women's CSAPs adoption by 60% (Bryan et al., 2016).
Regional variations are significant, with East African studies showing smaller gender gaps in
adoption (15-20%) compared to West Africa (30-35%) (Jost et al., 2016; Ndiritu et al., 2014).

The intersection of gender with other socio-economic factors proves crucial, as educated
women farmers demonstrate adoption rates comparable to their male counterparts, suggesting
that education can help overcome gender-based barriers (Teklewold et al., 2013). Recent
research emphasizes that successful CSAPs promotion requires gender-responsive approaches
that address both technical and structural constraints, with programs incorporating women's
empowerment components showing 40% higher sustained adoption rates (Farnworth et al.,
2017; Nyasimi and Huyer, 2017).

2.7.1.3 Farm experience

Farm experience emerges as a significant determinant of CSAPs adoption in SSA, with studies
revealing complex relationships between years of farming practice and willingness to
implement CSAPs. Research consistently shows that farmers with more than 15 years of
experience demonstrate 2.8 times higher likelihood of successful CSAPs implementation
compared to less experienced farmers (Nbemachena et al., 2019; Mamba et al., 2015). This
advantage is particularly pronounced in complex practices such as integrated soil fertility
management, where experienced farmers show 45% higher adoption rates (Kassie et al., 2015).
However, the relationship isn't strictly linear, as studies indicate that farmers with 8-15 years
of experience demonstrate the highest rates of innovation adoption, being 35% more likely to
experiment with new CSAPs compared to both beginner and very experienced farmers (Ndiritu
et al., 2014; Teklewold et al., 2013). The impact of experience is notably strong in risk
management practices, with experienced farmers showing 40% better capacity to integrate
weather information into farming decisions (Deressa et al., 2016). The influence of farm
experience on CSAPs adoption is significantly moderated by other factors, including access to
extension services and formal education. Experienced farmers with regular extension contact
show 55% higher adoption rates compared to those without such support (Bryan et al., 2013),
while the combination of experience and formal education results in 70% higher

implementation success rates (Asfaw et al., 2016). Regional analysis reveals varying impacts,
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with Eastern African studies showing stronger correlations between experience and adoption
(60% higher rates) compared to Western Africa (40%) (Mwongera et al., 2017; Jalloh et al.,
2013). Importantly, experienced farmers demonstrate better ability to adapt CSAPs to local
conditions, with those having more than 10 years of experience showing 50% higher rates of
practice modification to suit local contexts (Ali and Erenstein, 2017; Mapfumo et al., 2016).
This suggests that farm experience contributes significantly to both the initial adoption and

successful adaptation of CSAPs to specific farming contexts.

Table 2.9 below synthesises the quantitative evidence presented above regarding personal and
social-psychological factors influencing CSAPs adoption in SSA from 2003-2023. The
summary metrics demonstrate the significant variations in adoption rates across age groups,
gender categories, and experience levels, highlighting key percentage differences and

multiplicative effects that emerged from the systematic review of literature.

Table 2.9 Impact magnitudes of personal and social-psychological factors on climate-smart
agricultural practices adoption in SSA (2003-2023)

Factor Key findings Impact magnitude
Age Middle-aged farmers (30- 45% higher implementation

50) show highest adoption rate

rate

Younger farmers (<35) 30% higher adoption for

favour technology-intensive | tech practices

CSAPs

Experienced farmers benefit | 2.8x more likely to

from social position implement successfully
Gender Significant adoption gap Males: 55-70% adoption

between male and female rates

farmers

Resource constraints rather | Females: 40-55% adoption
than preferences drive gap rates

Women with secure land 2.5x higher adoption with
rights show higher adoption | secure rights

Farm Experience Optimal experience range 8-15 years: 35% higher
for innovation adoption
Long-term experience >15 years: 2.8x higher
advantages implementation
Extension services enhance | 55% higher with extension
experience benefits support

Source: Systematic review synthesis data.
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2.7.2 Institutional, policy and structural factors influencing climate-smart agricultural
practices adoption in SSA
2.7.2.1 Extension services

Extension services emerge as a critical determinant of CSAPs adoption in SSA, with substantial
evidence demonstrating their impact on implementation success. Studies indicate that farmers
with regular access to extension services are 2.8 times more likely to adopt CSAPs successfully
compared to those without such access (Wossen et al., 2017; Kassie et al., 2015). The impact
is particularly pronounced for knowledge-intensive practices, with extension-supported
farmers demonstrating 60% higher adoption rates for complex CSAPs such as integrated soil
fertility management and conservation agriculture (Mwongera et al., 2017). Research shows
that quality of extension delivery matters significantly, with farmers receiving participatory,
demonstration-based extension showing 45% higher adoption rates compared to those
receiving traditional lecture-based extension (Davis et al., 2016; Anderson and Feder, 2014).
Furthermore, the frequency of extension contact proves crucial, with farmers receiving monthly
visits showing 50% higher sustained adoption rates compared to those with occasional contact
(Bernier et al., 2015).

2.7.2.2 Credit institutions

Access to credit facilities demonstrates significant influence on CSAPs adoption patterns
across SSA. Studies consistently show that farmers with access to formal credit are 45% more
likely to adopt resource-intensive CSAPs compared to those without credit access (Teklewold
et al.,, 2013; Bryan et al., 2013). The impact is particularly strong for practices requiring
substantial initial investment, with credit access increasing adoption of irrigation systems and
improved seed varieties by 55% (Ndiritu et al., 2014). Research reveals important gender
dimensions, with women farmers having credit access showing 65% higher adoption rates
compared to those without, suggesting credit availability can help overcome gender-based
adoption barriers (Fisher et al., 2015). Moreover, the type of credit institution matters
significantly, with farmers accessing formal banking showing 40% higher adoption rates
compared to those relying on informal credit sources (Asfaw et al., 2016). Studies also indicate
that innovative credit mechanisms, such as group lending and agricultural insurance-linked
credit, increase CSAPs adoption rates by 35% compared to traditional lending approaches
(Mutenje et al., 2019).
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2.7.2.3 Infrastructure

Infrastructure plays a fundamental role in CSAPs adoption patterns across SSA, with market
access and transportation networks showing significant influence on implementation decisions.
Research demonstrates that farmers located within 5 kilometres of paved roads show 40%
higher adoption rates compared to those in remote areas (Asfaw et al., 2016; Fisher et al., 2015).
Market infrastructure particularly impacts adoption of market-oriented CSAPSs, with farmers
having reliable market access being 2.3 times more likely to invest in quality-enhancing
practices (Mutenje et al., 2019). Studies reveal that improved storage infrastructure increases
adoption of post-harvest CSAPs by 50%, while access to irrigation infrastructure correlates
with 65% higher adoption rates of water-smart practices (Deressa et al., 2016). The quality of
communication infrastructure also proves crucial, with areas having reliable mobile network
coverage showing 35% higher adoption rates of information-dependent CSAPs (Nyasimi and
Huyer, 2017; Ali and Erenstein, 2017).

2.7.2.4 Land tenure security

Land tenure security emerges as a fundamental determinant of CSAPs adoption, particularly
for practices requiring long-term investment. Research indicates that farmers with secure land
rights are 60% more likely to invest in soil conservation practices and 45% more likely to adopt
agroforestry systems compared to those without secure tenure (Adjei-Nsiah et al., 2016; Place
and Otsuka, 2014). The impact is especially pronounced for practices with delayed benefits,
with secure tenure holders showing 70% higher adoption rates for practices requiring more
than two years to show returns (Meinzen-Dick et al., 2019). Studies reveal significant gender
dimensions, with female farmers having secure land rights being 2.5 times more likely to adopt
CSAPs compared to those without tenure security (Farnworth et al., 2016). Regional variations
are notable, with Eastern Africa showing stronger correlations between tenure security and
adoption (55% higher rates) compared to Western Africa (35%), reflecting differences in land

governance systems (Holden and Otsuka, 2014).

Table 2.10 summarizes the quantified effects of institutional and structural factors on CSAPs
adoption identified in the preceding discussion. Drawing from multiple studies between 2003-
2023, this synthesis captures the statistical significance of extension services, credit access, and
infrastructure on adoption rates across SSA, demonstrating the crucial role of institutional

support in facilitating CSAPs implementation.
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Table 2.10 Quantified effects of institutional and structural factors on climate-smart

agricultural practices adoption in SSA

Factor

Key findings

Impact magnitude

Extension Services

Regular access significantly
improves adoption

2.8x higher adoption
likelihood

Participatory approaches
more effective

45% higher adoption rates

Frequency of contact
matters

50% higher sustained
adoption with monthly visits

Credit Access

Formal credit enables
resource-intensive practices

45% higher adoption with
credit

Gender-specific credit
impact

Women: 65% higher
adoption with credit

Alternative lending models
show promise

Group lending: 35%
increased adoption

Infrastructure

Road access critical

40% higher adoption within
5km of roads

Market linkages essential

2.3x higher adoption with
market access

Storage facilities enable
certain CSAPs

50% higher post-harvest
CSAPs adoption

Source: Systematic review synthesis data.

2.7.3 Socio cultural, farm & economic factors

2.7.3.1 Farm size

Farm size emerges as a significant determinant of CSAPs adoption in SSA, with clear
correlations between landholding size and implementation capacity. Studies demonstrate that
farmers with larger landholdings (>2 hectares) are 45% more likely to adopt CSAPs compared
to smallholders (<1 hectare) (Kassie et al., 2015; Teklewold et al., 2013). The relationship is
particularly strong for resource-intensive practices, with larger farms showing 60% higher
adoption rates for irrigation systems and mechanized conservation agriculture (Mwongera et
al., 2017). However, the relationship isn't purely linear, as medium-sized farms (1-2 hectares)
often show the highest adoption rates for certain practices, being 35% more likely to implement
integrated soil fertility management compared to both smaller and larger farms (Ndiritu et al.,
2014). Studies indicate that farm size particularly influences the ability to experiment with new
practices, as larger farms can dedicate portions of land to testing CSAPs without compromising
household food security (Asfaw et al., 2016).
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2.7.3.2 Formal employment/off-farm income

Access to off-farm income significantly influences CSAPs adoption decisions in SSA.
Research shows that households with formal employment or consistent off-farm income
sources are 2.3 times more likely to adopt CSAPs compared to those relying solely on farming
(Fisher et al., 2015; Bryan et al., 2013). The impact is particularly pronounced for capital-
intensive practices, with off-farm income increasing adoption of improved varieties and
irrigation systems by 55% (Deressa et al., 2016). Studies reveal that households with
diversified income sources show greater willingness to experiment with new practices, being
40% more likely to adopt innovative CSAPs compared to farm-dependent households (Wossen
et al., 2017). The stability of off-farm income proves crucial, with regularly employed
household members contributing to 50% higher sustained adoption rates compared to those

with seasonal off-farm work (Mutenje et al., 2019).

2.7.3.3 Land tenure arrangements and disputes

Land tenure security fundamentally influences CSAPs adoption patterns. Research indicates
that farmers with secure land rights are 60% more likely to invest in long-term CSAPs
compared to those with insecure tenure (Place and Otsuka, 2014; Holden and Otsuka, 2014).
The impact of land disputes is particularly negative, with areas experiencing frequent tenure
conflicts showing 45% lower adoption rates for practices requiring significant investment
(Meinzen-Dick et al., 2019). Studies reveal that formal land titles increase adoption of soil
conservation practices by 70% and agroforestry systems by 55% compared to informal
arrangements (Farnworth et al., 2016). Gender dimensions are significant, with women having
secure land rights being 2.5 times more likely to adopt CSAPs compared to those without
formal tenure (Adjei-Nsiah et al., 2016).

2.7.3.4 Cost of adopting climate-smart agricultural practices

Implementation costs significantly influence adoption decisions across SSA. Studies show that
high initial costs reduce adoption rates by 65% among resource-poor farmers, particularly for
capital-intensive practices (Ali and Erenstein, 2017; Kassie et al., 2015). Research indicates
that farmers requiring more than 40% of their annual agricultural income for initial CSAPs
implementation show adoption rates 75% lower than those requiring less than 20% (Teklewold

etal., 2013). The impact varies by practice type, with cost barriers being particularly significant
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for irrigation systems (70% lower adoption) compared to conservation agriculture (35% lower
adoption) (Mwongera et al., 2017). Studies emphasize that perceived cost-benefit ratios
strongly influence adoption decisions, with practices showing returns within one season having

55% higher adoption rates despite similar initial costs (Bryan et al., 2013).

2.7.3.5 Limited access to inputs

Input accessibility significantly constrains CSAPs adoption across SSA. Research shows that
farmers with reliable access to agricultural inputs are 2.8 times more likely to adopt CSAPs
compared to those facing access constraints (Wossen et al., 2017; Ndiritu et al., 2014). The
impact is particularly severe for improved seed varieties and fertilizer-dependent practices,
with limited access reducing adoption rates by 65% (Asfaw et al., 2016). Studies indicate that
distance to input markets matters significantly, with farmers located more than 10 kilometres
from input suppliers showing 50% lower adoption rates compared to those within 5 kilometres
(Fisher et al., 2015). The timing of input availability proves crucial, with delayed access
reducing adoption rates by 40% even when inputs eventually become available (Mutenje et al.,
2019). Research also reveals gender disparities, with female farmers experiencing 35% lower
access to quality inputs compared to male farmers (Bernier et al., 2015).

Table 2.11 consolidates the evidence presented above regarding economic and resource
determinants of CSAPs adoption. This synthesis quantifies the significant impacts of farm size,
implementation costs, and off-farm income on adoption rates between 2003-2023, highlighting
how resource availability and economic factors shape farmers' capacity to implement climate-

smart practices in SSA.
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Table 2.11 Economic and resource factor impacts on climate-smart agricultural practices adoption in
SSA: A Systematic Review (2003-2023)

Factor Key findings Impact magnitude
Farm Size Larger farms show higher >2ha: 45% higher adoption
adoption rates rates
Medium farms optimal for -2ha: 35% higher adoption
some practices for specific CSAPs
Implementation Costs High costs major barrier 65% reduced adoption with

high initial costs
Income proportion threshold | 75% lower adoption when
costs >40% annual income

Off-farm Income Regular income enables 2.3x higher adoption with
adoption formal employment
Income stability matters 50% higher sustained
adoption with regular
income

Source: Systematic review synthesis data.

2.7.3.6 Climate change impacts and natural resource access

Climate change and natural resource accessibility appear as interconnected determinants
substantially affecting CSAPs adoption across SSA. Studies suggest that farmers experiencing
frequent climate shocks exhibit markedly higher adoption rates of CSAPs, particularly for
drought-resistant varieties and water conservation techniques (Deressa et al., 2016; Asfaw et
al., 2016). The severity and frequency of climate impacts prove particularly influential, with
areas experiencing considerable yield losses displaying substantially higher adoption rates
compared to less affected regions (Bryan et al., 2013). Research demonstrates that farmers'
perception of climate risks performs a vital role, with those recognizing climate change as a
major threat displaying greater willingness to implement adaptive practices (Mamba et al.,
2015).

Access to natural resources, particularly water and quality soil, fundamentally influences
adoption patterns. Research by Mutenje et al. (2019) and Fisher et al. (2015) shows that farmers
with reliable water access exhibit considerably higher adoption rates of intensive CSAPs. The
proximity to water sources appears as a critical element, particularly affecting irrigation-
dependent practices, while the seasonality of resource access affects farmers' ability to
implement diversified farming systems (Kassie et al., 2015). Studies also demonstrate
important gender dimensions, with female farmers facing more substantial constraints in
accessing quality natural resources, directly impacting their capacity to adopt CSAPs
effectively (Bernier et al., 2015).
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The interplay between climate impacts and resource access creates distinct adoption patterns
across different agro-ecological zones. Areas experiencing both climate stress and resource
constraints display complex adaptation strategies, with farmers often combining multiple
CSAPs to address overlapping challenges. For detailed quantitative evidence regarding the
impact of climate change and resource access on adoption rates, refer to Table 12, which
provides comprehensive statistics on these environmental elements' influence on CSAPs

implementation.

Table 2.12 summarizes the environmental elements' influence on CSAPs adoption discussed
above. This synthesis of research discoveries from 2003-2023 quantifies the relationships
between climate impacts, resource accessibility, and adoption decisions, showing how

environmental conditions substantially shape farmers' implementation of CSAPs in SSA.

Table 2.12 Environmental factor influences on climate-smart agricultural practices adoption

Factor Key findings Impact magnitude
Factor Climate shocks drive 2.5x higher adoption with
adoption frequent shocks
Drought exposure influences | 60% higher adoption of
practices water practices
Multiple shocks increase 55% higher multiple CSAPs
adoption adoption
Resource Access Water access critical 2.8x higher adoption with
reliable water
Proximity matters 50% higher irrigation
adoption within 1km
Consistency important 70% higher diversification
with year-round access

Source: Systematic review synthesis data.

2.8 Challenges, barriers and policy implications for climate-smart agricultural practices
adoption

A systematic examination of 50 studies conducted between 2003 and 2023 demonstrates
significant interconnected barriers that affect the adoption of CSAPs among smallholder maize
farmers in SSA. The research identifies five major challenges that require comprehensive
policy interventions to enhance adoption rates and ensure sustainable implementation. These
barriers, while distinct in nature, create a complex network of obstacles that collectively
influence farmers' ability and willingness to adopt CSAPs (Meijer et al., 2015; Lipper et al.,
2014).

Information access appears as a primary constraint, with studies indicating that only 34% of

farmers have adequate access to extension services (Mashi et al., 2022). The impact of this
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limitation is considerable, as farmers with regular extension access exhibit 2.8 times higher
likelihood of CSAPs adoption. This challenge is particularly severe in remote rural areas,
highlighting the need for strengthened agricultural research and extension systems to improve
information dissemination. Financial limitations present another substantial barrier,
manifesting through both high initial implementation costs and limited credit access. Research
by Amadu et al. (2020) suggests that farmers with credit access display 45% higher CSAPs
adoption rates, emphasizing the need for innovative financing mechanisms, including climate-

smart credit schemes, targeted subsidies, and group-based financial approaches.

Labour requirements pose a considerable challenge, particularly during the initial
implementation phase, with studies indicating a 37% increase in labour input during the first
two years (Corbeels et al., 2014). This burden disproportionately affects resource-constrained
households, necessitating the promotion of group-based implementation approaches and
investment in labour-saving technologies. Land tenure insecurity substantially impacts
adoption rates, with secure land rights increasing long-term CSAPs investment by 60% (Meijer
et al., 2015). This relationship is particularly vital for practices requiring multi-seasonal
investment, highlighting the urgent need for land policy reforms in SSA countries and the

strengthening of farmers' land rights.

Market-related challenges further complicate the adoption landscape, with research showing
40% higher adoption rates in areas with established market linkages (Lipper et al., 2014). Poor
value chain integration and weak institutional frameworks necessitate substantial interventions,
including investment in rural infrastructure, support for farmer cooperatives, and policies
promoting fair and stable agricultural prices (Cadilhon et al., 2016). These challenges are
compounded by inconsistent policy support and require the development of coherent

frameworks that align agricultural, environmental, and economic objectives.

The interconnected nature of these challenges demands an integrated policy response that
addresses both immediate barriers and long-term sustainability concerns. Successful CSAPs
adoption requires a multi-faceted approach combining improved information access,
innovative financing, secure land rights, and robust market integration (Amadu et al., 2020).
Future interventions must focus on creating enabling environments that support comprehensive
solutions while considering both technical and socio-economic aspects of CSAPs
implementation. This includes strengthening institutional capacity, developing context-specific

solutions, and emphasizing long-term sustainability over short-term gains.
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The synthesis of these discoveries underscores the importance of developing targeted
interventions that effectively promote CSAPs adoption while ensuring economic viability for
smallholder farmers. By understanding and addressing these interconnected challenges through
coordinated policy responses, stakeholders can work towards creating an environment that
supports successful and sustainable CSAPs adoption in SSA (Cadilhon et al., 2016; Lipper et
al., 2014). This comprehensive approach, considering both barriers and their policy
implications, provides a framework for developing effective strategies that can enhance

adoption rates while ensuring long-term sustainability in smallholder farming systems.

B Information Access

m Land Tenure Security

M Financial Access
Market Access

B Labour Requirements

Figure 2.9 Key barriers affecting climate-smart agricultural practices adoption among smallholder
farmers in Sub-Saharan Africa
Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data

The pie chart visualization depicts the relative significance of different barriers to CSAPs
adoption in Sub-Saharan Africa, based on quantitative evidence from multiple studies between
2003-2023. Information access appears as the most considerable barrier, affecting 66% of
farmers who lack adequate extension services (Mashi et al., 2022). This is followed closely by
land tenure security, where secure rights could enhance adoption by 60% (Meijer et al., 2015).
Financial access and market linkages display moderate but significant impacts at 45% and 40%
respectively (Amadu et al., 2020; Lipper et al., 2014), while labour requirements represent the
smallest but still substantial barrier at 37% additional input needed (Corbeels et al., 2014). The
circular representation effectively shows how these challenges, though varying in magnitude,
form a comprehensive picture of the obstacles facing CSAPs adoption, highlighting the need

for integrated policy responses that address all these interconnected aspects.
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2.9 Knowledge gaps and Future research directions

The systematic review demonstrates several critical knowledge gaps requiring future research
attention. First, there is a notable absence of long-term impact studies beyond the typical 2-3-
year assessment period. While short-term adoption impacts display rates varying from 38.9%
to 56.7% across regions, longitudinal studies spanning 5-10 years are needed to assess

sustained impacts on productivity, soil health, and farmer livelihoods.

Gender-differentiated impact examination requires deeper study. Although research indicates
women farmers face 30% lower access to agricultural resources, comprehensive understanding
of gender-specific constraints remains limited. Future research should develop analytical

frameworks examining how gender intersects with other social variables in CSAPs adoption.

Economic valuation of ecosystem services needs standardized methodologies. Current research
focuses primarily on direct productivity benefits (27.5% vyield increases, 31.2% income
improvements) but lacks comprehensive assessment of environmental benefits. Studies
indicate potential for 2.5-3.6 tons carbon sequestration per hectare annually, but more robust

valuation methods are needed.

Additionally, research gaps exist in indigenous knowledge integration and market mechanisms.
While combining traditional and modern practices improves adoption by 45%, systematic
evaluation remains inadequate. Study of innovative financing mechanisms is also crucial, as
credit access increases adoption by 45%. Research on digital agriculture solutions displays
promise, with platforms improving technical knowledge access by 40%, but requires further
study of scalable implementation.

2.10 Policy implications for supporting climate-smart agricultural practices adoption

The review highlights critical policy directions for enhancing CSAPs adoption. Evidence
shows that integrated policy frameworks addressing multiple barriers simultaneously are
essential, as farmers with comprehensive support services are 2.8 times more likely to adopt
CSAPs successfully. Key priorities include strengthening institutional capacity through
enhanced extension services (showing 45% higher adoption rates) and developing innovative
financing mechanisms, as credit access increases adoption by 45%. Gender-responsive

approaches are crucial, particularly addressing the 30% lower credit access faced by women
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farmers. Land tenure security emerges as a critical priority, with secure rights increasing long-
term investment by 60%. Market development policies are essential, with research showing
40% higher adoption rates in areas with established market linkages. These findings emphasize
the need for coordinated interventions that create enabling environments supporting both

immediate implementation and long-term sustainability.

2.11 Conclusion

This systematic review has illuminated critical insights into the state of CSAPs adoption among
smallholder farmers in SSA. The evidence synthesis reveals a complex interplay between
adoption patterns, institutional support, and socioeconomic factors that influence smallholder
farmers' ability to implement and benefit from CSAPs. While the research output on CSAPs
has grown substantially since 2015, indicating increased recognition of their importance, there
remains a significant implementation gap, particularly in Southern Africa where climate
vulnerability is highest. The review demonstrates that successful CSAPs adoption is not merely
a function of technological access, but rather depends on an integrated approach that addresses
financial constraints, knowledge barriers, and institutional support simultaneously. A key
finding emerging from this synthesis is that smallholder farmers tend to adopt practices that
align with their existing knowledge systems and require minimal financial investment,
explaining the higher uptake of organic manure application and traditional agroforestry systems
compared to more capital-intensive interventions. This pattern underscores the importance of
developing context-specific solutions that build upon local knowledge while introducing
innovative adaptations. The review also highlights the critical role of gender in CSAPs
adoption, with women farmers facing distinct challenges in accessing resources and

information despite their central role in agricultural production.

The synthesis of evidence further reveals that sustained CSAPs adoption requires a supportive
ecosystem encompassing policy frameworks, extension services, and market linkages.
Successful cases documented across the reviewed studies demonstrate that when smallholder
farmers receive comprehensive support - including technical training, market access, and
financial assistance, they can effectively implement CSAPs and achieve significant
improvements in productivity and climate resilience. This finding emphasises the need for
coordinated interventions that address multiple barriers simultaneously rather than isolated

technical solutions. Looking forward, this systematic review indicates that enhancing the
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resilience of smallholder farming systems in SSA will require greater attention to indigenous
crop integration, improved irrigation access, and gender-responsive interventions. The
evidence suggests that transformative change in smallholder agriculture is possible through
CSAPs, but success depends on creating an enabling environment that addresses both
immediate implementation barriers and long-term sustainability considerations. Future
research and policy initiatives must prioritize filling the identified geographical gaps in CSAPs

implementation while ensuring that interventions are tailored to local contexts and capabilities.
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CHAPTER 3

Smallholder Maize Farmers' Perceptions and Attitudes Towards Climate-Smart
Agricultural Practices in KwaZulu-Natal Province, South Africa.

Abstract

Climate change significantly threatens agricultural systems in developing regions, particularly
for smallholder farmers who face increased vulnerability to shifting weather patterns, droughts,
and extreme weather events. In South Africa, climate variability is increasingly challenging
maize farming. Climate-smart agricultural practices (CSAPs) offer promising solutions to
enhance resilience and productivity, yet their adoption remains low among smallholder
farmers. This study examined the perceptions and attitudes of smallholder maize farmers in
KwaZulu-Natal Province toward CSAPs using a mixed-methods approach. Data from 378
farmers were collected through a structured questionnaire, and the Theory of Planned
Behaviour was used to explore socioeconomic and psychological factors influencing CSAP
adoption. Findings revealed statistically significant differences between adopters (47.1%) and
non-adopters (52.9%), with adopters showing more positive perceptions and attitudes across
all variables. However, both groups expressed unwillingness to adopt CSAPs without financial
support. Empirical results found that age had a negative relationship with both perception and
attitude indices (p=0.007 and p=0.007, respectively), while education demonstrated a positive
impact (p=0.021 and p=0.018, respectively). Income exhibited a strong positive influence
(p<0.001). Institutional factors, including access to climate information (p=0.011 and
p=0.016), agricultural credit (p=0.017 and p=0.017), membership in agricultural groups
(p=0.010 and p=0.007), and access to extension services (p=0.006 and p=0.002), all positively
influenced farmers' perceptions and attitudes. Distance to farm negatively affected perceptions
(p=0.028), while marital status negatively influenced attitudes (p=0.045). Findings suggest
policymakers should provide subsidies, target younger educated farmers for early adoption,
and strengthen extension services to highlight CSAP benefits. Addressing these factors will
enhance smallholder farmers' prospects of adopting CSAPs and becoming resilient and

promote sustainable agriculture under climate change in KwaZulu-Natal Province.

Keywords: Climate-Smart Agriculture, Smallholder farmers, Perceptions and Attitudes,

Adoption, Maize farming.
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3.1 Introduction

Agriculture plays a crucial role in the livelihoods of millions across Sub-Saharan Africa (SSA),
employing 54% of the working population and contributing 15% to the region's Gross
Domestic Product (FAO, 2022). However, the sector has significant variability, with countries
like Chad seeing agricultural contributions as high as 50%, while nations like South Africa
report only 2% (Bontsa et al., 2023). In SSA, agricultural growth stands at 2.6% annually
(OECD/FAO, 2023), with this modest expansion influenced by increasing local and
international interest in farmland, rural-to-urban migration, population growth, and climate
change. The centrality of agriculture to SSA economies and societies positions the sector as
critical for achieving multiple Sustainable Development Goals (SDGs). Agricultural
development in the region directly impacts SDG 1 (No Poverty) by increasing household
incomes and creating sustainable livelihoods, SDG 2 (Zero Hunger) by enhancing food
production and accessibility, SDG 8 (Decent Work and Economic Growth) through job creation
and economic stabilisation, SDG 12 (Responsible Consumption and Production) by promoting
sustainable farming practices, and SDG 15 (Life on Land) through improved land management

and biodiversity conservation (Weil et al., 2023; Thornton et al., 2022).

Climate variables crucial to food security and agricultural systems are changing rapidly across
SSA, with IPCC reports projecting negative impacts on all aspects of food security in the
region. Without appropriate interventions, climate change will severely reduce agricultural
yields, worsen food insecurity, and exacerbate existing poverty levels (Zougmoré et al., 2021).
The vulnerability is especially pronounced in eastern and southern parts of the region where
rainfall-dependent agriculture predominates (Okoronkwo et al., 2024), with temperature
increases of 0.8-2.3°C already recorded over the past five decades (Ziervogel and Taylor,
2023). Climate models predict more intense rainfall events punctuated by longer dry spells,
with many areas already reporting decreased yields and increased crop failures due to erratic

rainfall patterns and rising temperatures (Rezaei et al., 2023).

Maize (Zea mays L.) stands as a fundamental crop of profound importance for food security,
nutrition, and economic stability throughout eastern and southern Africa. This staple crop
provides approximately 30% of dietary calories across SSA and is predominantly cultivated by
smallholder farmers (Sinyolo, 2023). Beyond its nutritional value, maize cultivation represents
a critical source of household income, contributing significantly to smallholder farmers' total

agricultural income in many regions (Sinyolo and Mudhara, 2018). However, maize
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productivity is heavily dependent on favourable climate conditions, making it especially
vulnerable to climate change impacts (Cairns et al., 2022). The sensitivity of maize to

temperature variations and water stress places it at particular risk as climate change intensifies.

Therefore, there is a need to adopt adaptation strategies appropriate for the current and
projected climate change. Climate-Smart Agricultural Practices (CSAPs) have emerged as a
promising approach to enhance resilience while simultaneously addressing climate change
adaptation and mitigation in vulnerable farming systems (Makate, 2022). According to the
Food and Agriculture Organization ([FAO], 2022), CSAPs aim to tackle the interlinked
challenges of food security and climate change through three main pillars: sustainable increases
in agricultural productivity and incomes; adaptation and building resilience to climate change;
and reduction of greenhouse gas emissions where possible. CSAPs encompass various
practices including conservation agriculture, agroforestry, improved water management, and

drought-resistant crop varieties (Nyasimi and Huyer, 2022).

Despite the potential benefits of CSAPs, their adoption among smallholder farmers in SSA
remains low. Studies across multiple countries reveal adoption rates typically below 40%
despite decades of promotion by various stakeholders (Abegunde et al., 2023; Ntshangase et
al., 2022). Research has identified several barriers to adoption, including economic constraints,
limited access to information, and institutional challenges. Consequently, smallholder farmers
who do not adopt CSAPs are significantly more likely to experience crop losses during adverse

weather events compared to those who implement these practices (Berhanu et al., 2024).

The CSAP adoption largely depends on farmers' perceptions and attitudes toward these
practices (Mkhize and Zwane, 2023). Perception encompasses how farmers view and
understand the potential benefits, costs, and risks associated with CSAPs, while attitude reflects
their evaluative judgments and predispositions toward implementing these practices. Research
by Aryal et al. (2022) demonstrated that farmers' perceptions of the practicality and
effectiveness of conservation agriculture strongly predicted adoption rates in the Indo-Gangetic
Plains. Similarly, Mpala and Simatele (2024) established that smallholder farmers in Zimbabwe
with positive attitudes towards CSAP were more likely to adopt these practices, even when

faced with resource constraints.

Across SSA, limited research has been conducted to understand smallholder farmers'

perceptions and attitudes toward CSAPs, creating a significant knowledge gap. Understanding
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these psychological factors is critical as they form the foundation upon which adoption
decisions are made and can either facilitate or hinder the widespread adoption of CSAPs.
Addressing this gap is particularly urgent as the region experiences increasing climate

variability that threatens food security and rural livelihoods.

South Africa's situation mirrors the continental context, with smallholder farmers facing
significant climatic challenges like frequent droughts, unpredictable rainfall, and occasional
floods (Mnukwa et al.,2025; Tantoh and McKay, 2023). These challenges are particularly acute
in KZN Province, where diverse agro-ecological conditions, from coastal lowlands to
mountainous regions, create varied farming environments highly susceptible to climate
variability. With projected yield reductions of 15-30% by mid-century (Ngcamu and Chari,
2022), understanding how smallholder maize farmers in KwaZulu-Natal Province (KZN)
perceive and respond to CSAPs is essential for developing an understanding that can be applied

when targeted interventions to enhance resilience in this vital livelihood sector.

Therefore, this study aims to examine the perceptions and attitudes of smallholder maize
farmers toward CSAPs, with specific application to the KZN context. Specifically, the research
seeks to: (i) assess farmers' awareness and knowledge of CSAPs; (ii) examine their perceptions
regarding the benefits, costs, and risks associated with CSAPs; (iii) evaluate their attitudes
toward adopting these practices; and (iv) identify the socio-economic and institutional factors
that influence these perceptions and attitudes. The findings will provide valuable insights for
policymakers, agricultural extension services, and development organizations working to
enhance the climate resilience of smallholder farming systems across similar contexts in SSA.
Ultimately, this research contributes to broader efforts to improve food security, enhance rural
livelihoods, and build more sustainable and resilient agricultural systems in the face of climate

change, thereby supporting the achievement of multiple SDGs.

3.2 Theory for examining perceptions and attitudes towards CSAPs

This study is anchored in the Theory of Planned Behaviour (TPB), as developed by Ajzen
(1991), to explore the multifaceted factors influencing smallholder maize farmers' perceptions
and attitudes toward CSAPs in KZN Province. The TPB offers a robust framework for
understanding how individual attitudes, subjective norms, and perceived behavioural control
collectively shape behavioural intentions and, consequently, actual behaviours in adopting

CSAPs (see Figure 3.1). This theoretical approach has been widely employed in past studies
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examining agricultural decision-making and mnovation adoption (Teklewold et al., 2019;
Owusu et al., 2017; Hyland et al., 2016; Jethi et al., 2016; Wheeler at al.,2013; Morton, 2007;
Rogers, 2003).

Attitudes toward

CSAPs \
Behavioural Actual Behaviour
— Intentions (CSAPs Adoption)

Figure 3.1 The Theory of Planned Behaviour in the context of CSAP Adoption
Source: Adopted from Ajzen (1991).

Within the TPB framework, attitudes refer to farmers' evaluations of implementing CSAPs,
shaped by beliefs about expected outcomes such as increased productivity and enhanced
resilience. Wauters et al. (2022) and Ntshangase et al. (2018) demonstrated that positive
attitudes significantly influence agricultural practice adoption, even when faced with
socioeconomic constraints. Tesfaye et al. (2022) found that perceived productivity benefits
were significant predictors of CSAPs adoption intentions in Ethiopia. Subjective norms reflect
the perceived social pressure farmers experience regarding CSAPs adoption. In KZN's
communal farming context, these social influences from family, neighbouring farmers,
traditional authorities, and extension officers significantly impact adoption decisions. Borges
et al. (2020) and Zeweld et al. (2017) found that social networks and perceived social approval
strongly influenced CSAPs adoption. Meijer et al. (2019) further highlighted how information
flows through community networks shape both awareness and acceptance of new farming

techniques.
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Perceived behavioural control relates to farmers' perceptions of implementation ease or
difficulty, influenced by access to resources, technical knowledge, and support systems. This
component aligns with risk and uncertainty concepts from utility theory and is critical in the
CSAPs context, where practical constraints significantly shape adoption decisions. Lalani et
al. (2021) found that control perceptions were strong predictors of conservation agriculture
adoption intentions, often surpassing attitudinal and normative factors. This study adapts the
TPB framework to incorporate socioeconomic characteristics as determinants of perceived
behavioural control in the CSAP adoption context. Factors such as income, education level,
farm size, and access to resources fundamentally shape farmers' perceptions of their ability to
implement CSAPs (Wauters et al., 2020; Abegunde et al., 2020). This adaptation acknowledges
that in smallholder farming contexts, perceived behavioural control is not merely a
psychological construct but is substantially determined by tangible socioeconomic constraints.
For instance, wealthier farmers with larger landholdings may perceive greater control over
CSAP implementation due to their enhanced resource capacity, while those with higher
education levels may better comprehend technical aspects of CSAPs, increasing their perceived
ability to implement them successfully. This integrated approach aligns with findings by
Borges et al. (2020) and Ntshangase et al. (2018) that socioeconomic factors operate through
perceived behavioural control to influence adoption intentions in resource-constrained

agricultural settings.

Behavioural intention, directly influenced by attitudes, subjective norms, and perceived
behavioural control, is the most immediate predictor of actual CSAP adoption behaviour. This
study applies this TPB framework to demonstrate how these three components interact to shape
smallholder maize farmers' adoption decisions in KZN. Attitudes reflect farmers' evaluations
of CSAPs based on expected outcomes; subjective norms capture the social pressures from
family, neighbours, and extension officers; while perceived behavioural control represents
farmers' assessment of implementation feasibility given their resources and knowledge. This
integrated approach reveals how psychological factors and economic constraints jointly
determine CSAP adoption, highlighting why financial support remains crucial for both adopters

and non-adopters despite differing perceptions and attitudes.
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3.3 Materials and methods
3.3.1 Description and study area selection

KZN province was purposively selected due to its prominence in maize farming and
documented vulnerability to climate change (Mthethwa et al., 2022). The province experiences
various climate-related risks, including droughts and floods, making it an ideal setting to assess
factors influencing smallholder maize farmers' perceptions and attitudes toward CSAPs. The
study was conducted i Ugu District Municipality (UDM) and Harry Gwala District
Municipality (HGDM) of KZN (Figure 3.2). The districts were selected to capture diverse
climatic conditions and geographical features (Maponya and Agbugba, 2023).

Both districts are vulnerable to climate change impacts, with residents largely dependent on
agriculture for their livelihood. UDM spans 5,866 km? along South Africa's eastern coastline
with a population of 722,484, while HGDM has a population of 461,420. UDM experiences
subtropical conditions averaging 28°C, whilst HGDM's climate is influenced by the
Drakensberg Mountains. The districts feature distinct vegetation patterns and face
socioeconomic challenges including high unemployment and poverty rates. Their
predominantly rural, agriculture-based economies provided ideal settings to examine

smallholder farmers' perceptions and adoption of CSAPs under varied conditions.
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Figure 3.2 Map showing HGD and UDM, in KZN Province of South Africa

Source: https://List of municipalities in KwaZulu Natal (accessed on 18 June 2025)
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To examine these diverse settings, the study employed a cross-sectional research design with a
mixed-methods approach, gathering both quantitative and qualitative data. This approach was
chosen to ensure triangulation and greater validity (Guetterman et al., 2023; Schoonenboom
and Johnson, 2022), and to address study objectives that were both qualitative and quantitative
in nature (Creamer, 2020). Cross-sectional research designs effectively utilize data from
diverse disciplinary backgrounds while being comparatively less expensive and time-

consuming (Creswell and Creswell, 2017; Akhtar, 2016).

3.3.2 Sampling

A multi-stage sampling procedure was employed to ensure representativeness and enhance the
generalisability of findings to the broader population of smallholder maize farmers in KZN. In
the first stage, two District Municipalities (HGDM and UDM) were purposively selected to
capture diverse climatic conditions and geographical features, with UDM located on the South
Coast and HGDM situated inland. The second stage involved randomly selecting two local
municipalities from each district municipality based on the prevalence of climate-related risks
such as droughts and floods, whilst the third stage encompassed random selection of rural

communities from the chosen local municipalities.

This was followed by stratified sampling to ensure proper representation of different farmer
groups, with the sample from each community stratified into two strata: i.e., smallholder maize
farmers using CSAPs and those not using CSAPs. This comprehensive approach, combining
purposive, random, and stratified sampling methods, enabled meaningful comparisons between
CSAP adopters and non-adopters across diverse geographical and climatic conditions,
ultimately enhancing the study's ability to draw robust conclusions about CSAP adoption and

its impacts on smallholder maize farmers in KZN.
This paper employed Cochran's (1977) formula to determine an appropriate sample size:

_ ®)*m(@)_(1.96)%(5).5) _
o =" =384

Where t = value for selected alpha level of .025 in each tail = 1.96 when

Where (p)(q) = estimate of variance = 0.25 (maximum possible proportion (0.5) * (1-0.5)

maximum possible proportion (0.5) produces maximum possible sample size).
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d = acceptable margin of error for proportion being estimated = 0.05 (error researcher is willing

to accept).

The sample size calculation used a 95% confidence level and a 5% margin of error, which are
widely accepted standards in social science research (Kotrlik and Higgins, 2001). This
approach provided a balance between precision and feasibility, particularly for studies
involving smallholder farmers in developing countries (Taherdoost, 2016; Singh and Masuku,
2014). However, due to resource and time constraints encountered during the field data
collection phase, the final sample comprised 378 smallholder maize farmers. This minor
reduction in sample size (1.6%) did not significantly impact the statistical power or
representativeness of the study. The achieved sample size maintains a confidence level of 95%
with a marginally increased margin of error of 5.04% (calculated using the same statistical
parameters), which remains within acceptable limits for agricultural adoption studies (Israel,
2013; Yamane, 1967). Furthermore, the response rate of 98.4% (378/384) exceeds the threshold

typically accepted in social science research (Plewes and Tourangeau, 2013).

3.3.3 Data collection

Primary data was collected using a structured questionnaire administered to 378 smallholder
maize farmers across KZN Province. The questionnaire gathered information on farmers'
perceptions and attitudes toward CSAPs, and socioeconomic characteristics. Pre-testing was
conducted with 38 respondents (10% of the sample size), one month before actual data
collection in Msunduzi Local Municipality, a site not included in the main study. The pre-
testing results were excluded from the final analysis to enhance research integrity, following
methodological recommendations (Bond et al., 2023). The questionnaire consisted of both
closed-ended and open-ended questions to capture both quantitative and qualitative dimensions
of the study. The closed-ended questions employed Likert-type scales and multiple-choice
formats to quantify perceptions, attitudes, and adoption levels of CSAPs. The open-ended
questions allowed respondents to elaborate on their experiences, constraints, and motivations
related to CSAP adoption, thereby enriching the quantitative data with contextual insights. To
further capture qualitative dimensions, an interview guide was developed and used alongside
the questionnaire. The interview guide focused on probing farmers’ in-depth views regarding
their understanding of climate change, perceived benefits and challenges of adopting CSAPs,
and their decision-making processes. It was particularly used to facilitate richer discussions

during interviews, ensuring that farmers’ narratives were adequately captured.
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Enumerators received training in research ethics, interview methodologies, and data synthesis.
All questionnaires were directly administered by interviewers to minimize interpretation errors
and response bias. Practical challenges encountered in the field included difficulty locating
respondents, unforeseen weather disruptions, and occasional reluctance from some farmers due
to survey fatigue. The research team addressed these issues through advance scheduling,
adaptable timetables, and clear communication of research significance. Ethics clearance was
granted by the University of KwaZulu-Natal (protocol number: HSSREC/00007887/2024).
Prior to data collection, written informed consent was obtained from all participating
smallholder maize farmers. Written consent was specifically chosen over verbal consent to
ensure proper documentation and compliance with institutional ethics requirements. This
approach provided a clear record of participants' willingness to participate, enhanced
transparency of the research process, and ensured that farmers fully understood the purpose of
the study, how their data would be used, and their rights as research participants. The data
collected focused on four key CSAPs particularly relevant for smallholder maize farmers in
KZN: drought-tolerant maize varieties, maize-legume intercropping, rainwater harvesting, and

crop diversification.

3.3.4 Data analysis

The collected data were coded and entered into Excel spreadsheets for analysis. Perception and
attitude indices were constructed from Likert scale items and quantified using Stata version 18,
allowing for systematic measurement of farmers' views. Tobit regression models were
employed to analyse determinants of these indices, allowing understanding of both the nature

of farmers' perceptions and the factors that shaped them.

3.3.5 Descriptive statistics

Descriptive statistics were employed to characterize smallholder maize farmers' demographic
and socioeconomic profiles. The descriptive analysis encompassed frequency distributions
(percentages) and measures of central tendency (means, ranges, and standard deviations). The
data were presented through tables and figures to provide a clear visual representation of the
findings. This approach was particularly important as study by Ojoko et al. (2017) indicated
that many smallholder farmers unconsciously practice CSA as part of their traditional farming
systems. Therefore, it was critical to identify and assess the frequency of farmers using specific

CSAPs such as drought-tolerant maize varieties, maize-legume intercropping, rainwater
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harvesting, and crop diversification. The descriptive analysis also facilitated examination of
farmers' perceptions and attitudes toward these practices, providing a foundation for the

subsequent Tobit regression analysis of perception/attitude determinants.

3.4 Perception and attitude indices analysis

The study made use of perception and attitude indices, Likert scales, and Tobit regression to
analyse smallholder maize farmers' perceptions and attitudes towards CSAPs. Perception and
attitude indices were constructed from Likert scale items. Likert scales are widely used to
measure attitudes, opinions, and perceptions on a psychometric scale (Robinson, 2024). In this
study, respondents indicated their level of agreement with statements about CSAPs on a 5-point
scale ranging from "Strongly Disagree" to "Strongly Agree." The Likert scale demonstrated
strong reliability in estimating and assessing the perceptions and attitudes of smallholder maize
farmers towards CSAPs. The Table 3.1 presents a list of socioeconomic, institutional, and
technical factors that influence smallholder maize farmers' perceptions and attitudes, and the

respondents chose answers on the 5-point Likert scale.

Table 3.1. Measurement of smallholder maize farmers' perceptions and attitudes towards
CSAPs

Statement

Perceptions

CSAPs will improve my household's food security

CSAPs are effective in addressing the increased temperatures we've experienced over the last
30 years

CSAPs can help manage the unpredictable rainfall patterns we've been experiencing

CSAPs are useful in mitigating the effects of more frequent droughts

CSAPs can effectively help control the increased pest and disease emergence in maize

CSAPs can reverse the trend of reduced maize productivity we've seen in recent years

CSAPs reduce the cost of maize production

CSAPs increase soil fertility in maize fields

CSAPs reduce soil erosion in maize fields

CSAPs lead to reduced water usage in maize farming

CSAPs improve pest and disease management in maize

CSAPs preserve land quality for maize cultivation

CSAPs are environmentally friendly

CSAPs reduce the amount of chemical fertilizer needed for maize
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Attitudes

I am willing to adopt CSAPs with or without financial support

| am eager to learn more about CSAPs

CSAPs are necessary for improving maize productivity

I receive personal satisfaction from applying CSAPs

CSAPs will increase my farm income

The use of any CSAPs makes me popular among my peers

My farmer friends who use CSAPs influence me to do the same

| feel motivated by extension agents to adopt CSAPs

| enjoy discussing about CSAPs currently promoted by the local extension services

I have the skills necessary to implement CSAPs

Resources to implement CSAPs on my farm are available

CSAPs align well with my maize farming goals

Source: Authors own conceptualisation informed by the literature (Bontsa et al., 2023; Moutouama et

al.,2022).

The perception and attitude indices were created by calculating the mean scores of all
perception and attitude variables, respectively, for each respondent. These indices were then
normalized to a 0-1 scale to facilitate interpretation and statistical analysis. The normalized
indices served as dependent variables in the Tobit regression models, which were used to

identify the factors influencing farmers' perceptions and attitudes towards CSAPs

3.5 Tobit Regression Model

The Tobit regression model was employed to analyse determinants of perception and attitude
indices because the dependent variables were continuous but constrained within the 0-1 range
(Tobin, 1958). This censored regression approach provided unbiased parameter estimates,
particularly important when examining farmers' perceptions that often cluster at extremes. In
this study, the dependent variables, perception index and attitude index, represent the composite
measures of farmers’ perceptions and attitudes toward CSAPs. These constructs were derived
from the Likert-scale statements presented in Table 3.1. Each respondent rated their level of
agreement with several statements related to the effectiveness, usefulness, and relevance of
CSAPs on a five-point scale (1 = Strongly Disagree to 5 = Strongly Agree). The individual item

scores were first averaged to obtain a respondent-specific mean score for perceptions and for
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attitudes, respectively. To enable meaningful interpretation and to meet the model assumptions,
these mean scores were then normalized to a 0-1 scale, where values closer to 1 indicate
strongly positive perceptions or attitudes, and values near O indicate negative or weak
perceptions or attitudes. The resulting continuous indices served as the dependent variables in
the Tobit regression models, capturing the intensity and direction of farmers’ perceptions and

attitudes toward CSAPs.

The Tobit model can be specified as follows:

Y* =By + Pixi + Baxz + Brxki T &i

Y,=Y,if0<Y, <1

Y, =0ifY; <0
Y,=1ify; =21
Where:

Y*iis the latent (unobserved) dependent variable

Y;is the observed dependent variable (perception index)

X1iX5; -, Xy are independent variables (factors affecting perception)
Po.P1, B2 -, PBr are coefficients to be estimated

&; 1s the error term, assumed to be normally distributed.
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Table 3.2 Description of climate-smart agricultural practices analysed in the study

CSAP

Description

Climate benefits

Productivity benefits

Implementation requirements

Drought-tolerant
maize varieties

Improved maize varieties that can
withstand water stress and maintain
yields during drought conditions

Enhanced resilience to
drought and climate
variability

Stable vyields under water-stressed
conditions, reduced production risk

Access to certified seeds; knowledge of proper
planting techniques; potential higher seed costs
higher seed costs

Rainwater Collection and storage of rainwater Efficient water use, Supplemental irrigation, extended Infrastructure investment; storage facilities;

harvesting for agricultural use during dry reduced dependence on growing seasons knowledge of collection and storage techniques;
periods rainfall maintenance skills

Maize-legume Growing maize alongside leguminous | Improved soil fertility Increased total productivity per unit area, | Knowledge of compatible crop combinations;

intercropping

crops in the same field

through nitrogen fixation,
enhanced biodiversity

diversified income sources

proper spacing and timing; management of
competition between crops

Crop
diversification

Growing multiple crop species to
reduce risk and improve resilience

Reduced vulnerability to
climate shocks, enhanced
ecosystem stability

Risk reduction, improved household
nutrition and income stability

Market access for diverse crops; knowledge of
multiple crop production systems; potential
labour intensification

Source: Author's own compilation based on FAO (2018) and field observations.
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3.6 Description of the explanatory variables

Table 3.3 summarizes the explanatory variables included in the Tobit regression model to

analyse the determinants of perceptions and attitudes toward CSAPs among smallholder maize

farmers in KZN. These variables include gender, age, education, family size, income, farm size,

farming years, average distance to farm, access to climate information, access to agricultural

credit, membership in agricultural group, access to extension services, agricultural training,

awareness of CSAPs, and adoption status. The explanatory variables are hypothesized to

influence smallholder maize farmers' perceptions and attitudes toward CSAPs.

Table 3.3 Explanatory variables used in the Tobit regression model for analysing perceptions
and attitudes toward CSAPs and their expected outcomes.

Agricultural Group

agricultural-related group or association (no = 0; yes =
1) (dummy)

Variable Description and Measurement (Type) Expected
Outcome (+/-)

Gender Smallholder farmer's gender (female = 0; male = 1) +
(dummy)

Marital status Marital status of the Smallholder farmer (single = 0; +/-
wedded (married, divorced, widowed) = 1) (dummy)

Age Age of the smallholder farmer in years (continuous) +/-

Education Number of years of formal schooling by the smallholder +
farmer (continuous)

Family Size Number of members in the smallholder farmer's +
household (continuous)

Income Total household income of the smallholder farmer +
(continuous)

Farm Size Size of the smallholder farmer's land in hectares +
(continuous)

Farming Years Number of years of farming experience by the +
smallholder farmer (continuous)

Average Distance to | The distance from home to the farm site in kilometres -

Farm (continuous)

Access to Climate Whether the smallholder farmer has access to climate +

Information information (no = 0; yes = 1) (dummy)

Access to Whether the smallholder farmer has access to +

Agricultural Credit agricultural credit (no = 0; yes = 1) (dummy)

Membership in Whether the smallholder farmer belonged to an +
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Access to Extension Whether the smallholder farmer has access to extension +
Services services (no = 0; yes = 1) (dummy)

Agricultural Training | Whether the smallholder farmer received specialized +
agricultural training (no = 0; yes = 1) (dummy)

Awareness of CSAPs | Whether the smallholder farmer is aware of CSAPs (no +
= 0; yes = 1) (dummy)

Adoption Status Whether the smallholder farmer has adopted any CSAPs +
(no = 0; yes = 1) (dummy)

Note: +/— Depicts the direction of influence (positive/negative)

Source: Author (2025)

3.7 Results and discussion

This section presents findings from 378 smallholder maize farmers in KZN Province. The
results cover demographic profiles, CSAP adoption patterns, perception and attitude analysis,
and factors influencing farmers' views toward CSAPs. Key findings include comparative
analysis between adopters and non-adopters, determinants of perceptions and attitudes, and
institutional factors affecting CSAP implementation. Each subsection combines empirical

findings with relevant discussion and comparison to existing literature.

3.7.1 Socio-demographic profile

Table 3.4 presents demographic characteristics of the survey respondents. The sample is
predominantly female (63%), suggesting women are primary agricultural decision-makers.
Studies show that women often demonstrate greater concern about climate impacts (Ngcoya
and Kumarakulasingam, 2017). Respondents are middle-aged (mean 52.27 years) with
moderate formal education (9.81 years), potentially affecting CSAPs comprehension.
Households are relatively large (mean 6.80 members), providing potential labour for CSAP
implementation, though extremely small farm size (0.01 ha) restricts land-intensive practices.
Moderate farming experience (14.09 years) and total household income (mean R10,694) shape
farmers' evaluation of new practices and their risk perception toward CSAPs (Abdulai, 2018).
The total household income encompassed multiple sources including social grants, maize sales,

remittances, and salary.

While access to climate information is relatively high (72%), institutional support remains
notably limited: agricultural credit (44%), membership in farmer groups (40%), extension

services (37%), and agricultural training (31%). This institutional support gap fundamentally
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shapes farmers' attitudes despite high CSAPs awareness (80%). Senyolo et al. (2018) found
that South African farmers often perceive CSAPs as beneficial but practically challenging to
implement without adequate support, whilst Khoza et al. (2020) observed that farmers' intrinsic
motivation sometimes outweighs institutional factors in shaping CSAPs perceptions,
suggesting complex interactions between personal attitudes and support systems that require

contextually appropriate interventions.

Table 3.4 Summary of demographic characteristics of respondents

Variables Mean Median | Mode | Std Deviation | Minimum | Maximum
Gender - 1.00 1 0.48 0 1
Age (years) 52.27 49.00 392 17.07 24 89
Education 9.81 10.00 4 4.49 1 21
(years)

Household 6.80 6.00 3 4.38 1 26
Size

Marital Status - 1.00 1 0.70 0 2
Employment i 2.00 0 1.32 0 3
Status ) ’

(TF%ta' Income | 14 694.00 | 8,100.00 | 17,000 |  7.919.21 1.100 32,000
Farm Size (ha) 0.01 0 0 0.11 0 1
Farming EXp. | 1,49 | 12,00 4 11.17 1 51
(years)

Distance to 2.97 2.99 ] 1.31 0.50 5.00
Farm (km)

Climate Info 0.72 1.00 1 0.45 0 1
Access

Agricultural

Cadit 0.44 0 0 0.50 0 1
Agric. Group 0.40 0 0 0.49 0 1
Member ' '

Extension 0.37 0 0 0.48 0 1
Access

Agricultural 0.31 0 0 0.46 0 1
Training ' '

Awareness of

CSAPS 0.80 1.00 1 0.40 0 1

Note: “a Multiple mode exist. The smallest value is shown

Source: Survey data generated through Stata version 18 (2025)
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3.7.2 Smallholder farmers' perceptions of climate change and impact on maize output in
Ugu and Harry Gwala District Municipalities over the last 10 years.

An accurate perception of climate change risks leads to better adaptation planning and
implementation by farming communities. Assessing how farmers perceive climate change is
essential for developing effective adaptation policies (Mahmood et al., 2021), as their
perception is a primary step required to take adaptation measures (Teshome et al., 2021). Table
3.5 reveals that a significant majority of smallholder farmers perceived increases in both
summer (78%) and winter (70%) temperatures over the last decade. Conversely, most farmers
perceived declining rainfall patterns, with 84% noting decreased summer rainfall and 76%
perceiving winter rainfall decline. Additionally, farmers reported increases in both the intensity
(68%) and resulting damage (71%) from extreme weather events, with rising drought frequency
(73%) particularly concerning. These climate changes have significantly impacted agricultural
productivity, with 82% of farmers reporting decreased maize yields which subsequently
reduced farm returns and impacted negatively their livelihoods as they depend on agricultural

activities for living.

The literature consistently supports smallholder farmers' perceptions of climate change
impacts, with recent studies by Sujakhu et al. (2023) documenting similar observations of
increased summer and winter temperatures, while Diem et al. (2017) confirmed comparable
perceptions of declining rainfall patterns in both summer and winter seasons across multiple
African countries. Furthermore, research by Das and Ansari (2021) provides evidence aligning
with farmers' reports of increased intensity and damage from extreme weather events,
particularly the concerning rise in drought frequency that threatens agricultural productivity
and rural livelihoods. Mthethwa et al. (2022) highlighted how smallholder farmers who
accurately perceive climate trends are better positioned to adopt appropriate CSAPs. The
alignment between farmer perceptions and meteorological records suggests that farmers in the
region have a strong awareness of local climate changes, forming a solid foundation for

potential adaptation efforts.
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Table 3.5 Percentage of smallholder farmers' perceptions of climate change parameters in Ugu
and Harry Gwala District Municipalities over the last 10 years.

Climate Increase Decrease No change Don't know
change
parameters
Noticed long | Summer 78.0 11.0 5.0 6.0
term changes | season
in the temperature
temperature in | Winter season 70.0 16.0 3.0 11.0
the last 10 temperature
years Length of cold 19.0 55.0 23.0 3.0
periods
Length of hot 62.0 15.0 20.0 3.0
periods
Noticed long | Summer 13.0 84.0 2.0 1.0
term changes | season rainfall
in rainfall in | Winter season 17.0 76.0 3.0 4.0
the last 10 rainfall
years Length of 10.0 74.0 12.0 4.0
summer
season rainfall
Length of 16.0 69.0 1.0 4.0
winter season
rainfall
Fluctuation in 53.0 26.0 16.0 5.0
timing of rains
Frequency of 73.0 8.0 14.0 5.0
droughts
Frequency of 39.0 52.0 8.0 1.0
floods
Noticed long | Intensity  of 68.0 12.0 14.0 6.0
term changes | extreme
in extreme | weather
weather events
events in the | Damage from 71.0 9.0 13.0 7.0
last 10 years extreme
weather
events
Noticed Maize 11.0 82.0 4.0 3.0
changes in yield/output
maize
production

due to climate
change in the
last 10 years

Source: Survey data generated through Stata version 18 (2025)
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3.7.3 Awareness of CSAPs by Smallholder maize farmers

Figure 3.3 illustrates the awareness of CSAPs among smallholder maize farmers, with this
paper specifically focused on drought-tolerant maize varieties, maize-legume intercropping,
rainwater harvesting, and crop diversification. Results show that 51% of smallholder farmers
were aware of these particular practices, while 33% remain unaware and 16% were unsure.
These findings align with Aryal et al. (2020), who found that more than half of the sampled
smallholder farmers in India were aware of various CSAPs. Nyasimi et al. (2022) observed that
awareness does not guarantee adoption; despite 63% of farmers being aware of CSAPs, only
37% adopted them because of limited resources and implementation costs. Furthermore, Partey
et al. (2020) emphasize that despite awareness, adoption remains constrained by limited access
to resources, financial capital, and technical support. Makate et al. (2019) similarly found that
adoption barriers persist regardless of awareness levels, with resource constraints being
primary limiting factors for smallholder farmers in Zimbabwe. This suggests that while
improving awareness through communication and education strategies is important, addressing
resource constraints and providing adequate support systems are equally crucial for enhancing

the adoption and effective implementation of CSAPs among smallholder maize farmers.

Figure 3.3 Awareness of CSAPs among Smallholder maize farmers
Source: Survey data generated through Stata version 18 (2025)
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3.7.4 Information sources of CSAPs by Smallholder maize farmers

The figure 3.4 illustrates information sources accessed by smallholder maize farmers for
awareness of CSAPs. Group Member (29.89%), representing membership in farmer
associations, constitute the primary information source, closely followed by Media (28.01%)
including radio, television, and newspapers. Though media sources are essential for CSAP
awareness, Ikendi (2023) noted they often fail to provide comprehensive methodological
details for effectively implementing specific CSAPs. Extension services (16.67%) represent a
significant information channel, however Khapayi and Celliers (2021) found that the majority
of rural farmers still lack frequent access to extension services. Internet sources (16.93%) show
similar utilization despite potential limitations. The relatively low internet usage likely reflects
connectivity challenges in rural areas, as Mudereri et al. (2020) observed that limited network
infrastructure continues to restrict digital information access for agricultural communities. The
Other category (8.5%) encompassed alternative sources like friends/neighbours and farmer
field days. According to a study by Maka et al. (2021) and Mapiye et al. (2021), these diverse
information channels are critical for CSAPs awareness, yet their uneven utilization may impede

broader implementation of CSAPs among smallholder maize farmers.

Information Sources

Media Grp Mem Ext Internet Other

Information source

Figure 3.4 Information sources for CSAPs among small maize farmers
Source: Survey data generated through Stata version 18 (2025)
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3.7.5 Comparative analysis of CSAP perception indices between adopters and non-
adopters

The perception indices (Table 3.6) reveal differences between adopters and non-adopters of
CSAPs, highlighting the critical role of perceptions in adoption decisions among smallholder
maize farmers in KZN. Adopters demonstrate significantly more positive perceptions (0.831)
compared to non-adopters (0.466) across all 14 measured variables (p<0.001), with the most
substantial differences observed in soil fertility (difference of 1.642) and environmental
benefits (difference of 1.637). These findings align with Vecchio et al. (2022), who established
that farmers' perceptions form the foundation of CSAP adoption decisions. The striking
disparity in perception scores between adopters and non-adopters underscores how smallholder
farmers' mental models about CSAPs constitute a primary barrier to adoption, rather than
merely extrinsic factors. Interestingly, while adopters demonstrate remarkable consistency in
their perceptions (SD=0.049), non-adopters exhibit considerable variability (SD=0.325),
suggesting that non-adoption stems from diverse concerns requiring targeted intervention
approaches. This aligns with Msweli et al. (2024), who found that farmers' perceptions of
CSAPs are shaped by complex interactions between socioeconomic factors and experiential

knowledge.

The strong statistical significance across all perception metrics (t=-14.836, p<0.001)
demonstrates that adopters and non-adopters essentially operate with fundamentally different
farming worldviews, with implications for how CSAPs should be promoted among smallholder
maize farmers in KZN. Senyolo et al. (2018) observed that South African farmers with limited
institutional support often perceived CSAPs as beneficial but practically challenging to
implement, which explains the particularly large differences in perception regarding practical
aspects like soil fertility and environmental benefits. These results directly address this study's
aim to explore smallholder maize farmers' perceptions toward CSAPs, revealing that the
substantial perception gap between adopters and non-adopters constitutes a significant
psychological barrier to wider CSAP implementation in KZN. The findings suggest that
extension strategies should prioritize transforming farmers' underlying perceptions before
focusing on technical aspects of implementation, potentially through demonstration sites and
farmer-to-farmer learning approaches that address the diverse concerns evident among non-
adopters, as recommended by Nyagumbo et al. (2020) for conservation agriculture promotion

in Southern Africa.

96



Table 3.6 Descriptive statistics of perception variables by adoption status

Variable No_n—adopters Aolopters t-value p-value

(n=200) (n=178)

Mean SD Std Error Mean SD Std Error
Food Security Perception 1.875 1.400 0.099 3.180 0.489 0.037 -11.812 0.001***
Temperature Impact Perception 1.860 1.490 0.105 3.225 0.515 0.039 -11.612 0.001***
Rainfall Pattern Perception 1.860 1.442 0.102 3.230 0.540 0.040 -11.950 0.001***
Drought Resistance Perception 1.885 1.439 0.102 3.326 0.578 0.043 -12.487 0.001***
Pest Control Perception 1.830 1.463 0.103 3.287 0.453 0.034 -12.743 0.001***
Productivity Perception 1.955 1.457 0.103 3.354 0.525 0.039 -12.126 0.001***
Cost Reduction Perception 1.865 1.410 0.100 3.326 0.685 0.051 -12.568 0.001***
Soil Fertility Perception 1.830 1.511 0.107 3.472 0.501 0.038 -13.837 0.001***
Erosion Control Perception 1.855 1.471 0.104 3.219 0.584 0.044 -11.582 0.001***
Water Usage Perception 1.895 1.409 0.100 3.275 0.608 0.046 -12.107 0.001***
Pest Management Perception 1.780 1.484 0.105 3.320 0.623 0.047 -12.871 0.001***
Land Quality Perception 1.895 1.502 0.106 3.483 0.575 0.043 -13.270 0.001***
Environmental Perception 1.835 1.526 0.108 3.472 0.501 0.038 -13.668 0.001***
Fertilizer Reduction Perception 1.865 1.513 0.107 3.348 0.523 0.039 -12.436 0.001***
Perception Index 0.466 0.325 0.023 0.831 0.049 0.004 -14.836 0.001***

Note: *** show statistical significance at 1% level. Perception variables measured on a scale of 0-4, with the Perception Index normalized to 0-1 scale. All
differences between adopters and non-adopters are statistically significant at p<0.001.

Source: Survey data (2025)
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3.7.6 Comparative analysis of CSAP attitude indices between adopters and non-
adopters

The attitude indices (Table 3.7) reveal striking differences between adopters and non-adopters
of CSAPs among smallholder maize farmers in KZN, offering critical insights into the
psychological dimensions of CSAP adoption. Adopters displayed significantly more positive
attitudes (0.780) than non-adopters (0.466) across nearly all measured variables (p<0.001),
with particularly large differences in economic perception variables such as income
improvement belief (difference of 1.725) and social variables like CSA popularity (difference
of 1.674). However, the notable exception of "Willingness to Adopt without financial support,"
where both groups scored similarly low (1.570 vs. 1.455, p=0.348), reveals a crucial barrier to
CSAP implementation in the region. This uniform financial dependency illustrates that even
smallholder farmers with positive attitudes remain reluctant to adopt CSAPs without economic
support, highlighting the complex interplay between attitudes and resource constraints. As
Ntshangase et al. (2018) found in KZN, smallholder farmers may recognize the value of CSAPs

while simultaneously being constrained by practical economic considerations.

The highly significant divergence in extension motivation scores (t=-15.064, p<0.001) emerges
as a pivotal factor in attitude formation, suggesting that agricultural extension services play a
fundamental role in shaping smallholder farmers' attitudes toward CSAPs. This finding carries
significant implications for CSAP promotion in KZN, indicating that extension services should
be strengthened and better targeted, particularly to address the resource constraints reflected in
the similar low scores for adoption without financial support. The substantial attitude gap
between adopters and non-adopters, coupled with the shared financial concern, suggests that
effective CSAP promotion requires a dual approach that addresses both psychological barriers
through targeted extension and material constraints through appropriate financial mechanisms.
Sinyolo and Mudhara (2018) similarly observed that economic considerations remained
significant determinants of CSAP adoption among KZN smallholder farmers regardless of

attitudinal differences.
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Table 3.7 Descriptive statistics of attitude variables by adoption status

Variable No_n—adopters Ad_opters t-value p-value

(n=200) (n=178)

Mean SD Std Error Mean SD Std Error
Variable Non-adopters Adopters t-value p-value

(n=200) (n=178)

Mean SD Std Error Mean SD Std Error

Willingness to Adopt 1.570 1.180 0.083 1.455 1.194 0.089 0.940 0.348
Interest in Learning 1.905 1.462 0.103 3.000 0.425 0.032 -9.637 0.001***
Productivity Belief 1.875 1.456 0.103 3.326 0.470 0.035 -12.716 0.001***
Satisfaction with CSAPs 1.980 1.403 0.099 3.270 0.445 0.033 -11.745 0.001***
Income Improvement Belief 1.820 1.476 0.104 3.545 0.499 0.037 -14.852 0.001***
CSA Popularity 1.905 1.427 0.101 3.579 0.569 0.043 -14.643 0.001***
Peer Influence 1.885 1.401 0.099 3.416 0.506 0.038 -13.802 0.001***
Extension Motivation 1.795 1.471 0.104 3.539 0.500 0.037 -15.064 0.001***
Discussion Interest 1.825 1.444 0.102 3.298 0.538 0.040 -12.837 0.001***
Skills for Implementation 1.845 1.481 0.105 3.236 0.521 0.039 -11.894 0.001***
Resources for Implementation 1.875 1.389 0.098 2.444 0.889 0.067 -4.677 0.001***
Alignment with Goals 2.075 3.267 0.231 3.326 0.470 0.035 -5.061 0.001***
Attitude Index 0.466 0.324 0.023 0.780 0.045 0.003 -12.820 0.001***

Note: *** show statistical significance at 1% level. Attitude variables measured on a scale of 0-4, with the Attitude Index normalized to 0-1 scale. All
differences between adopters and non-adopters are statistically significant at p<0.001 except for Willingness to Adopt, which shows no significant difference
(p=0.348).

Source: Survey data (2025)
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Table 3.8 shows the significance of the association between the perceptions towards CSAPS
and farming enterprise characteristics. There was a significant association between farmers'
perceptions towards CSAPs and farming experience (p = 0.002), as well as total household
income (p < 0.001), both at the 1% significance level. However, no significant association was
found between farm size and perceptions of CSAPs (p = 0.257). The low Spearman correlations
(between -0.0360 and 0.0812) indicate very weak levels of association between these variables
and farmers' perceptions, despite the statistical significance found in the chi-square tests. These
findings suggest that while farming experience and participation in maize farming as an income
source are related to how farmers perceive CSAPs, the strength of these relationships is
minimal, and farm size does not appear to influence farmers' perceptions of CSAPs.

Table 3.8 Cross-tabulation of Ugu and Harry Gwala District Municipality farmers’ perceptions
towards CSAPs.

Variable Pearson 2 Spearman p-Value
Correlation

Farm Experience 21.2655*** -0.0360 0.002

Farm Size 2.7189 0.0812 0.257

Total household income 16.6114*** -0.0287 0.000

Note ***Significant at 1% level

Source: Survey data (2025)

3.8 Factors affecting perceptions towards CSAPs by smallholder maize farmers

Table 3.9 summarizes factors affecting perceptions towards CSAPs by smallholder maize
farmers. The Tobit model demonstrates strong statistical significance with a likelihood ratio
chi-squared value of 338.43 (p < 0.0001), indicating the selected variables collectively have
significant explanatory power. The log-likelihood value of 67.82, together with the significant
likelihood ratio test, confirms substantial improvement over the intercept-only model. The
pseudo-R2 of 0.643 indicates approximately 64.3% of the variation in the dependent variable
is explained by the predictor variables. The model includes 378 observations, with 366
uncensored and 12 right-censored observations, suggesting the Tobit specification was

appropriate for handling the censored nature of the data.
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Table 3.9 Factors affecting perceptions towards CSAPs by smallholder maize farmers

Variable Coefficient | Std. Error | t-value p-value
Gender 0.017 0.022 0.81 0.417
Marital Status 0.024 0.016 1.52 0.129
Age -0.002 0.001 -2.69 0.007***
Education 0.010 0.003 2.32 0.021**
Family Size 0.001 0.002 0.27 0.784
Income 0.0001 0.00000 7.14 0.000***
Farm Size 0.063 0.091 0.69 0.493
Farming Years 0.001 0.001 0.77 0.442
Adoption Status 0.303 0.021 14.29 0.000***
Distance to Farm (km) -0.042 0.019 -2.21 0.028**
Access to Climate Inf 0.056 0.022 2.54 0.011**
Access to Agr. Credit 0.048 0.020 2.40 0.017**
Member of Agr. Group 0.054 0.021 2.57 0.010**
Access to Extension 0.061 0.022 2.77 0.006***
Agricultural Training 0.068 0.023 2.96 0.003***
Awareness of CSAPs 0.071 0.025 2.84 0.005***
Constant 0.359 0.052 6.91 0.000***
Std error of estimate (Sigma) 0.040 0.003 - 0.000***
Model statistics

Number of observations 378

Uncensored observations 366

Right-censored observations 12

Log likelihood 67.82

LR chi2 (8) 338.43

Prob > chi? 0.000

Pseudo R? 0.643

Note *, ** & *** show statistical significance at the 10%, 5% and 1% levels, respectively

Source: Survey data generated through Stata version 18 (2025)

The Tobit regression model results show that age, education, income, adoption status, distance
to farm, access to climate information, agricultural credit, membership in agricultural groups,
extension services, agricultural training, and CSAPs awareness significantly influenced
farmers' perceptions towards CSAPs. Age was negative and statistically significant at the 1%
level (p=0.007) with a coefficient of -0.002. This suggests that for each additional year in a
farmer's age, their perception score towards CSAPs decreases by 0.002 units, holding all other
factors constant. The findings indicate younger farmers have more favourable perceptions of
CSAPs than older farmers, who often exhibit resistance to change and scepticism stemming

from Indigenous Knowledge systems (da Silveira et al., 2023; Bontsa et al., 2023).

Education was positive and statistically significant at the 5% level (p=0.021) with a coefficient

0f 0.010. This means each additional year of formal education increases a farmer's perception
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score towards CSAPs by 0.010 units, ceteris paribus. This aligns with Kifle et al. (2022) who
emphasized education's role in enhancing farmers' ability to comprehend CSAPs benefits.
Income showed a highly significant positive influence at the 0.1% level (p<0.001) with a
coefficient of 0.0001, indicating that for each unit increase in income, perception scores
increase by 0.0001 units. This highlights financial capacity's role in shaping positive
perceptions, similar to Moutouama et al. (2022) who found economic resources reduce

perceived risks associated with CSAPs.

Adoption status exhibited the strongest positive influence at the 0.1% level (p<0.001) with a
coefficient of 0.303, meaning adopters have perception scores 0.303 units higher than non-
adopters. While Aryal et al. (2020) found farmers who experienced tangible benefits developed
more favourable views, Chimoita et al. (2022) observed that adoption alone doesn't guarantee
positive perceptions, farmers who experienced yield losses or implementation challenges after
adoption actually developed more negative perceptions than non-adopters. Membership in
agricultural groups was positive and statistically significant at the 5% level (p=0.010) with a
coefficient of 0.054. This indicates that farmers who belong to agricultural groups have
perception scores 0.054 units higher than non-members. The findings highlight the importance
of social learning and information sharing, consistent with research by Ma and Rahut (2024)
who observed that agricultural group participation enhances favourable perceptions through

structured environments for knowledge exchange.

Distance to farm was negative and statistically significant at the 5% level (p=0.028) with a
coefficient of -0.042, indicating that as distance increases by 1km, perception scores decrease
by 0.042 units. This aligns with Nigussie et al. (2021) who observed that spatial remoteness
created logistical challenges and information barriers affecting perceptions. Access to climate
information was positive and statistically significant at the 5% level (p=0.011) with a
coefficient of 0.056. This means that farmers with access to climate information have
perception scores 0.056 units higher than those without such access, aligning with Li et al.
(2021) and Mulwa et al. (2023) who found reliable climate information enhances awareness of
climate risks and adaptive practice benefits. Access to agricultural credit was positive and
statistically significant at the 5% level (p=0.017) with a coefficient of 0.048, meaning farmers
with credit access have perception scores 0.048 units higher than those without. Tesfahun and
Temesgen (2020) reported similar findings, noting credit alleviates financial constraints

preventing CSAPs implementation.
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Access to extension services was positive and statistically significant at the 1% level (p=0.006)
with a coefficient of 0.061, indicating farmers with extension services access have perception
scores 0.061 units higher, corroborating Luntungan et al. (2022) and Abegunde et al. (2020)
who emphasized extension services' role in providing technical guidance. Agricultural training
was positive and statistically significant at the 1% level (p=0.003) with a coefficient of 0.068,
meaning trained farmers have perception scores 0.068 units higher than untrained farmers,
similar to findings by Asfaw et al. (2022) that training equips farmers with specific CSAPs
implementation skills. CSAPs awareness was positive and statistically significant at the 1%
level (p=0.005) with a coefficient of 0.071, suggesting aware farmers have perception scores
0.071 units higher than unaware farmers, consistent with Mugambiwa and Tirivangasi (2023)

and Mwungu et al. (2022) who found awareness is fundamental for positive perceptions.

These findings on socioeconomic factors align with the adapted TPB framework, where factors
such as income, education, and access to agricultural credit operate primarily through the
perceived behavioural control component, fundamentally shaping farmers' perceptions of their
ability to implement CSAPs successfully. The significant influence of age, education, and
income on perception and attitude indices confirms that, in smallholder farming contexts,
perceived behavioural control is not merely a psychological construct but is substantially
determined by tangible socioeconomic constraints. The positive effect of adoption status
(coefficient of 0.303) provides empirical support for the TPB's emphasis on how direct
experience reinforces attitudes and strengthens behavioural intentions. Additionally, the
positive impacts of institutional factors like extension services (coefficient of 0.061) and
membership in agricultural groups (coefficient of 0.054) demonstrate how subjective norms
from community networks influence farmers' perceptions of CSAPs. This empirical evidence
supports Borges et al. (2020) and Ntshangase et al. (2018) who found that socioeconomic
factors operate through perceived behavioural control to influence adoption intentions in

resource-constrained agricultural settings.

3.9 Factors affecting attitudes towards CSAPs by smallholder maize farmers

Table 3.10 summarizes factors affecting attitudes towards CSAPs by smallholder maize
farmers. The pseudo-R2 of 0.530 indicates that approximately 53% of the variation in attitudes
is explained by the model variables, suggesting a strong explanatory power while appropriately

reflecting that attitude are influenced by somewhat different factors than perceptions. This

103



distinction provides valuable insights for designing targeted interventions that address both

knowledge gaps and attitudinal barriers to CSAP adoption among smallholder maize farmers

in KZN.

Table 3.10 Factors affecting attitudes towards CSAPs by smallholder maize farmers
Variable Coefficient | Std. Error | t-value p-value
Gender 0.015 0.021 0.75 0.456
Marital Status -0.030 0.015 -2.01 0.045**
Age -0.002 0.001 -2.72 0.007***
Education 0.008 0.003 2.38 0.018**
Family Size 0.0002 0.002 0.07 0.944
Income 0.00001 0.000002 6.96 0.000***
Farm Size 0.083 0.086 0.97 0.334
Farming Years 0.0002 0.001 0.17 0.865
Adoption Status 0.265 0.020 13.46 0.000***
Distance to Farm (km) 0.002 0.007 0.32 0.751
Access to Climate Inf 0.053 0.022 2.41 0.016**
Access to Agr Credit 0.048 0.020 2.40 0.017**
Member of Agr Group 0.054 0.020 2.70 0.007***
Access to Extension 0.061 0.020 3.05 0.002***
Agricultural Training 0.035 0.021 1.67 0.096
Awareness of CSAPs 0.021 0.024 0.85 0.395
Constant 0.386 0.068 5.66 0.000***
Std error of estimate (Sigma) 0.186 0.013 - 0.000***
Model statistics
Number of observations 378
Uncensored observations 376
Right-censored observations 2
Log likelihood 96.50
LR chiz (8) 308.58
Prob > chi? 0.000
Pseudo R? 0.530

Note: *, ** & *** show statistical significance at the 10%, 5% and 1% levels, respectively

Source: Survey data generated through Stata version 18 (2025)

The model results indicate that several socioeconomic and institutional factors significantly
influence smallholder maize farmers' attitudes towards CSAPs, including marital status, age,
education, income, adoption status, access to climate information, agricultural credit,
membership in agricultural groups, and access to extension services. Marital status was
negative and statistically significant at the 5% level (p=0.045) with a coefficient of -0.030. This
suggests that married farmers have attitude scores 0.030 units lower than unmarried farmers.
The negative effect of marital status on CSAP attitudes implies that married farmers may

prioritize household food security and stable income over experimental or potentially risky
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agricultural practices. According to Manja and Zingwe, (2022), married farmers with family
responsibilities tend to make agricultural decisions based on risk-minimization strategies rather
than potential long-term benefits. Age showed a negative and statistically significant
relationship at the 1% level (p=0.007) with a coefficient of -0.002, indicating that younger
farmers tend to hold more favourable attitudes towards CSAPs; this finding is consistent with
da Silveira et al. (2023), who observed in their study in Northeast Brazil that younger farmers
were significantly more receptive to CSAPs, with older farmers exhibiting negative attitudes
toward CSAPs due to established farming routines and risk aversion; similarly, Tarfa et al.

(2021) found in Nigeria's guinea savanna that age was inversely related to CSAPs.

Education was positive and statistically significant at the 5% level (p=0.018) with a coefficient
0f 0.008. This means that each additional year of formal education increases a farmer's attitude
score towards CSAPs by 0.008 units. The positive relationship between education and CSAP
attitudes has substantial implications for agricultural extension programs. As Berhanu et al.
(2024) explain, educated farmers possess greater cognitive capacity to understand complex
climate-agriculture relationships and the technical aspects of sustainable practices. Income
showed a highly significant positive influence at the 0.1% level (p<0.001) with a coefficient of
0.00001. Although small in magnitude, this indicates that for each unit increase in income, a
farmer's attitude score towards CSAPs increases by 0.00001 units. This relationship, though
modest in scale, has important implications for agricultural policy. As Kehinde et al. (2024)
observed that farmers with higher incomes have greater capacity to absorb potential short-term

yield reductions during CSAP transition periods.

Adoption status emerged as the strongest positive predictor at the 0.1% level (p<0.001) with a
coefficient of 0.265. This means that farmers who have already adopted CSAPs have attitude
scores 0.265 units higher than non-adopters. This substantial effect suggests that first-hand
experience with CSAPs creates a significant positive shift in farmers' perceptions, indicating
that demonstration plots and trial periods could be effective implementation strategies. This
finding is consistent with Ayisi et al. (2022), who found that farmers who had previously
adopted CSAPs had more positive attitudes toward additional CSAPs compared to non-
adopters. However, Pradhan et al. (2020) present contradicting evidence, finding that previous
adoption did not consistently predict positive attitudes toward future CSAPs when initial
experiences were challenging or yields were inconsistent, suggesting that the quality of first

experiences with CSAPs may moderate this relationship.
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Access to climate information was positive and significant at the 5% level (p=0.016,
coef=0.053). This indicates that farmers with access to climate information had attitude scores
toward CSAPs that were 0.053 units higher than those without such access. This implies that
information dissemination programs could meaningfully improve farmers' receptiveness to
climate-smart practices, potentially through weather forecasts, seasonal outlooks, and climate
change education. However, Zougmoré¢ et al. (2021) presented findings that directly contradict
these results, finding that climate information access only improved attitudes toward CSA when
the information was perceived as reliable and locally relevant, while general climate
information had minimal impact on farmers' attitudes. Access to agricultural credit was positive
and statistically significant at the 5% level (p=0.017) with a positive coefticient of 0.048. This
indicates that farmers with access to agricultural credit have attitude scores toward CSAPs that
are 0.048 units higher than those without such access. This finding consistent with the study by
Njogu et al. (2024), who found that access to credit enhances farmers' financial capabilities,
empowering them to cover transaction costs, equipment purchases, and input costs linked to

the diverse CSAPs they may choose to adopt.

Membership in agricultural groups was positive and significant at the 1% level (p=0.007,
coef=0.054). This means that farmers who belong to agricultural groups have attitude scores
0.054 units higher than non-members. This suggests that social learning and peer networks play
an important role in shaping attitudes toward CSAPs, implying that group-based approaches to
CSAP promotion could be particularly effective. This finding is consistent with Abebe and
Bijman (2021), who found that membership in agricultural cooperatives increased positive
attitudes toward CSAPs attributed to peer learning and reduced information asymmetry among
smallholder farmers. Access to extension services showed the strongest institutional influence
at the 1% level (p=0.002, coef=0.061). This means that farmers with access to extension
services have attitude scores 0.061 units higher than those without such access. This finding
underscores the critical role of agricultural extension in facilitating positive attitudes toward
CSAPs, suggesting that strengthening extension systems and ensuring regular farmer contact
could be a high-impact intervention for promoting climate-smart agriculture. This finding is
supported by Anuga et al. (2022), who found that farmers with regular extension contact had

more favourable attitudes toward CSAPs compared to those with minimal contact.

The attitude determinants identified in this study provide strong validation for the TPB
framework outlined in section 1.2. The significant negative effect of age (coefficient of -0.002)

and positive effect of education (coefficient of 0.008) on attitudes confirm that demographic
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factors fundamentally shape the attitudinal component of the TPB model. The finding that both
adopters and non-adopters showed similar reluctance to adopt CSAPs without financial support
reveals how perceived behavioural control constrains adoption intentions regardless of positive
attitudes. This empirical evidence illustrates the TPB's critical insight that behavioural
intentions result from the interaction between attitudes, subjective norms (demonstrated by the
significant effect of membership in agricultural groups), and perceived behavioural control
(shown by the significant effects of income and access to credit). The particularly strong
influence of extension services (coefficient of 0.061) highlights how institutional interventions
can strengthen all three TPB components simultaneously, providing a theoretical foundation

for the policy recommendations presented in this study.

3.10 Conclusion and recommendations

This study examined the perceptions and attitudes of smallholder maize farmers toward CSAPs
in KZN. The findings reveal significant disparities between adopters (47.1%) and non-adopters
(52.9%), with adopters consistently demonstrating more positive perceptions and attitudes
across all measured variables. These psychological factors play a crucial role in adoption
decisions, as evidenced by the statistically significant differences in perception and attitude
indices between the two groups. The study found that socioeconomic factors significantly
influence farmers' perceptions and attitudes. Age showed a negative relationship with both
indices, while education level and income demonstrated positive impacts. Adoption status
emerged as the strongest predictor, with adopters scoring significantly higher on both indices
compared to non-adopters. Institutional factors, including access to climate information,
agricultural credit, membership in agricultural groups, and extension services, all positively

influenced farmers' views toward CSAPs.

A critical finding was that both adopters and non-adopters showed strong resistance to adopting
CSAPs without financial support, indicating that economic constraints remain a significant
barrier regardless of psychological factors. The application of the Theory of Planned Behaviour
provided insights into how attitudes, subjective norms, and perceived behavioural control
collectively shape farmers' adoption intentions, while revealing that financial limitations
substantially impede perceived control over implementing CSAPs. These findings demonstrate
that effective promotion of CSAPs requires addressing both psychological barriers through
knowledge dissemination and practical constraints through appropriate support mechanisms to

achieve wider implementation in KZN. These findings demonstrate that effective promotion of
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CSAPs requires addressing both psychological barriers through knowledge dissemination and

practical constraints through appropriate support mechanisms to achieve wider implementation

in KZN. Based on the research findings, the following recommendations are proposed:

v

Financial Support Mechanisms: Implement targeted subsidies and microfinance options
for smallholder farmers to reduce the economic risks associated with CSAPs adoption.
Targeted Extension Services: Strengthen agricultural extension systems with a focus on
transforming farmers' perceptions through practical demonstrations and success stories.
Youth-Focused Programs: Develop initiatives targeting younger farmers as early
adopters, capitalizing on their greater receptiveness to innovative practices.
Educational Interventions: Design educational programs that enhance farmers'
understanding of climate change impacts and CSAP benefits, tailored to different
education levels.

Demonstration Sites: Establish demonstration plots showcasing successful CSAP
implementation to provide tangible evidence of benefits.

Farmer-to-Farmer Learning: Leverage experiences of early adopters through peer
learning approaches to encourage broader adoption.

Strengthening Farmer Groups: Enhance support for agricultural associations to
facilitate knowledge exchange and collective action.

Accessible Climate Information: Improve access to reliable and locally relevant climate
information through diverse channels.

Policy Support: Develop supportive policies that reduce risks associated with adopting
CSAPs, including secure land tenure and implementation incentives.

Long-term Benefit Communication: Highlight success stories and communicate long-

term CSAP benefits to address short-term financial concerns.

By addressing these factors, stakeholders can enhance CSAP adoption among smallholder

maize farmers in KZN, ultimately strengthening food security and promoting sustainable

agricultural practices in the face of climate change.
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CHAPTER 4

The Determinants of Adoption and Intensity of Use of Climate-Smart Agricultural
Practices among Smallholder Maize Farmers in KwaZulu-Natal Province, South Africa.

Abstract

Climate change increasingly threatens global agriculture, with developing regions and
smallholder farmers being especially at risk due to limited resources and adaptive capacity. In
South Africa, erratic rainfall, droughts, and extreme weather are disrupting maize farming (a
key food source and livelihood). Climate-Smart Agricultural Practices (CSAPs), such as
conservation agriculture, soil fertility management, and drought-resistant crops, offer ways to
boost resilience and productivity. However, adoption of the CSAPs among smallholder farmers
remains low, underscoring the need to understand adoption barriers and develop context-
specific solutions that promote widespread implementation. Hence, this study sought to
investigate the determinants of both the decision to adopt and the intensity of adopting CSAPs
among smallholder maize farmers in KwaZulu-Natal Province. Using the Technology
Acceptance Model (TAM) as a theoretical framework, the study employed a cross-sectional
design with data collected from 378 smallholder farmers through structured questionnaires. A
double-hurdle approach was applied, with a probit model examining initial adoption decisions
and a truncated regression analysing adoption intensity. Results revealed that female (63%)
dominated smallholder maize farming (63%), with an average age of 52 years, moderate
education levels (mean 10 years), and limited landholdings (mean 0.01 ha). Farmers reported
modest household income (averaging ZAR 10,671/month), with 40% being unemployed and
only 31% having received agricultural training. Empirical results revealed an adoption rate of
47.1%, with drought-tolerant varieties (37.3%) and rainwater harvesting (34.9%) being the
most commonly adopted practices. The probit model identified significant determinants of
adoption: marital status (p=0.087, positive), age (p=0.010, negative), education (p=0.001,
positive), household income (p=0.001, positive), access to climate information (p=0.013,
positive), credit access (p=0.027, positive), and agricultural training (p=0.036, positive). The
truncated regression showed that age (p=0.079, positive), family size (p=0.083, negative),
farming experience (p=0.008, negative), distance to farm (p=0.030, negative), and agricultural
training (p=0.005, positive) significantly influenced adoption intensity. Recommendations
include enhancing agricultural training programs, improving credit access, strengthening

climate information services, and developing spatially-targeted interventions to promote both
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initial adoption and more comprehensive implementation of CSAPs among smallholder

farmers in climate-vulnerable regions.

Keywords: Climate-Smart Agriculture; Double-Hurdle Model; Smallholder farmers;
Technology Acceptance Model; Climate adaptation.

4.1 Introduction

Agriculture remains the backbone of many economies across Sub-Saharan Africa (SSA),
contributing significantly to employment, livelihoods, and food security (Wudil et al., 2022).
Over 60% of the region's population depends directly on smallholder agriculture for sustenance
and income (Food and Agriculture Organization [FAO], 2022). Among the region's staple
crops, maize is of paramount importance, accounting for nearly 50% of cereal production and
serving as the primary source of calories for millions of people. However, maize production in
SSA is highly vulnerable to climate variability and extremes such as droughts, floods, and
shifting rainfall patterns (Du and Xiong, 2024). These environmental shocks not only reduce
yields but also amplify poverty and food insecurity, especially among smallholder farmers who
have limited capacity to adapt to rapidly changing climatic conditions. The agricultural sector
faces a dual predicament: it is simultaneously vulnerable to climate change impacts while also
contributing significantly to greenhouse gas emissions (Arora, 2019; OECD, 2016; Smith et
al., 2008). The adverse effects of climate change, including temperature increases, erratic
rainfall patterns, and more frequent extreme weather events, threaten agricultural productivity,
food security, and rural livelihoods worldwide (Malhi et al., 2021; FAO, 2018; Zougmore et
al., 2018). These impacts are especially pronounced in developing regions with predominantly
rain-fed agricultural systems, such as SSA, where smallholder farmers form the backbone of

food production (Ofori et al., 2021; Tesfaye et al., 2016; Kassie et al., 2013).

In South Africa, maize is the most widely grown crop and forms the cornerstone of national
food security (Mdoda et al., 2025) The country is both a major producer and consumer of
maize, with smallholder farmers accounting for a significant 4.4 % share of maize cultivation,
particularly in rural areas (Oduniyi et al., 2022). South Africa produces approximately 12-16
million tons of maize annually, with the crop contributing over 70% of the country's grain
production and generating substantial export revenues (Cairns et al., 2022). While commercial
maize farming in South Africa is relatively mechanized and input-intensive, smallholder maize
farmers typically operate on a much smaller scale, using limited capital, labour, and technology

(Mutengwa et al., 2023). This segment of the agricultural sector, which comprises over 2.9
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million smallholder farming households, is disproportionately affected by climate-related
stressors (Statistics South Africa, 2013). The impacts of climate change on South African
agriculture are already evident and intensifying, with temperature increases of 1.5-2.0°C
recorded over the past four decades and projections indicating further increases of 3-4°C by
2080 (Ngcamu and Chari, 2022). Recurring droughts, such as the severe 2015-2016 EI Nifo-
induced drought that reduced maize production by 30%, have demonstrated the vulnerability
of the sector. Land degradation significantly affects South Africa's land area, while declining
soil fertility compounds production challenges (Van Huyssteen and du Preez, 2023). These
climate-related stressors have resulted in average yield losses of 10-20% for maize over the
past decade in South Africa, with some regions experiencing losses exceeding 40% during
drought years (Tantoh and McKay, 2023). Furthermore, these challenges are compounded by
structural issues such as insecure land tenure, inadequate extension services, and limited access
to markets and finance, creating a complex web of constraints that perpetuate vulnerability

among smallholder farmers (Barbanente et al., 2024).

KwaZulu-Natal (KZN) Province epitomizes these challenges, it is experiencing particularly
acute climate variability in recent years. The province has recorded temperature increases of
1.8°C since 1960, accompanied by a 15% decline in annual rainfall and increased frequency of
extreme weather events (Mthethwa et al., 2022). These changes have resulted in estimated
agricultural losses of ZAR 2.8 billion between 2010-2020, with maize production experiencing
periodic declines of 10-25% during severe drought years, while maintaining overall growth
trends (Kumar et al.,2022). Climate variables crucial to food security and agricultural systems
are changing rapidly across the province, creating unprecedented challenges for smallholder
farmers who depend on rain-fed agriculture. Moreover, KZN faces high levels of poverty and
food insecurity, with approximately 65.3% of households in some districts experiencing food
insecurity (Nhlozi, 2023). This situation is exacerbated by various factors, including soil
degradation, decreasing farm sizes, limited access to improved technologies, disease, insect
pests, and climate variability. The province's diverse agro-ecological conditions, from coastal
lowlands to mountainous regions, create varied farming environments some of which are
highly susceptible to climate variability. Projected yield reductions of 15-30% by mid-century
create an urgent imperative for climate adaptation strategies that can simultaneously enhance

productivity and build resilience among smallholder maize farmers (Mangani et al., 2019).

To address these complex and interlinked challenges, Climate-Smart Agriculture (CSA) has

gained traction as a strategic framework for transforming and reorienting agricultural systems
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under the realities of climate change. CSA promotes practices that increase productivity in a
sustainable manner, strengthen farmers' resilience to climate-related shocks, and reduce
agriculture's carbon footprint (FAO, 2018; Lipper et al., 2014). Climate-Smart Agricultural
Practices (CSAPs) represent specific farming techniques and technologies that simultaneously
enhance productivity, build resilience to climate variability, and contribute to greenhouse gas
mitigation (Zheng et al. 2024). For maize farmers, CSAPs encompass various interventions
such as conservation agriculture, crop diversification, planting of drought-tolerant varieties,
organic soil amendments, agroforestry, and rainwater harvesting (Mahama et al., 2020;
Bongole et al., 2020). These practices have demonstrated significant potential to enhance yield
stability, reduce risk exposure, and improve environmental outcomes. Research indicates that
drought-tolerant maize varieties can reduce yield losses by 20-30% during drought years, while
conservation agriculture practices can improve soil water retention by 15-25% and reduce
erosion by up to 90% (Zougmore et al., 2018). CSAPs can simultaneously address climate
adaptation, mitigation, and food security objectives, making them particularly valuable for
smallholder farmers facing multiple climate-related risks (Kurgat et al., 2020; Wekesa et al.,
2018). Despite this promise, the adoption of CSAPs by smallholder maize farmers remains
suboptimal and uneven across South Africa, with adoption rates typically ranging between 15-
45% across different provinces (Abegunde et al., 2023; Ntshangase et al., 2022). Studies across
multiple countries reveal adoption rates typically below 40% despite decades of promotion by
various stakeholders (Mizik et al., 2021). Many farmers are either unaware of these practices
or lack the means to implement them effectively, creating a significant gap between potential
and realized benefits that warrants a comprehensive investigation of adoption barriers and

enablers.

The importance of mainstreaming CSA is recognized in a global and national development
framework. At the global level, CSA aligns with several Sustainable Development Goals
(SDGs), particularly SDG 1 (No Poverty), SDG 2 (Zero Hunger), SDG 13 (Climate Action),
and SDG 15 (Life on Land), which emphasize the need for resilient agricultural systems and
sustainable natural resource management (Tanumihardjo et al., 2020). In the South African
context, the National Development Plan (NDP) 2030 highlights the urgency of creating a
sustainable and inclusive rural economy through agricultural transformation. The NDP
specifically calls for improved support for smallholder farmers, investment in climate-resilient
technologies, and sustainable land use practices. Additionally, South Africa's National Climate

Change Response Policy (2011) identifies agriculture as a priority sector for both adaptation
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and mitigation interventions. In this policy environment, understanding what enables or
constrains the uptake of CSA is critical to unlocking the productivity potential of smallholder
maize farming and achieving national development targets. Previous research on CSA adoption
has primarily focused on specific practices in isolation, such as conservation agriculture,
drought-tolerant varieties, or soil and water conservation measures (Marie et al., 2020;
Abegunde et al., 2019; Mohammed et al., 2015). However, farmers typically face decisions
about adopting multiple interrelated practices simultaneously, which may function as
complements or substitutes (Kassie et al., 2015; Teklewold et al., 2013). Furthermore, there is
limited understanding of the factors influencing not only the initial adoption decision but also
the intensity of adopting CSAPs among smallholder maize farmers. The adoption of CSAPs is
a complex process influenced by numerous factors, including socioeconomic characteristics,
institutional support, biophysical conditions, and farmers' perceptions (Kpadonou et al., 2017).
Understanding these determinants is crucial for designing effective policies and interventions

to promote CSAP adoption and address the challenges posed by climate change.

This study aims to investigate the determinants of adoption and intensity of use of CSAPs
among smallholder maize farmers in KZN. While a growing body of research has examined
the general benefits and challenges of CSA, there remains a lack of localized, empirical
evidence that explores the full range of factors, social, economic, institutional, and
environmental, that shape adoption behaviours among maize farmers in the South African
context. The findings of this study will contribute to the growing body of literature on CSAP
adoption, while providing practical recommendations for policymakers, extension services,
and other stakeholders working to enhance agricultural resilience in the face of climate change.
Ultimately, the study will contribute to enhancing food security, climate resilience, and
sustainable development in South Africa's smallholder agricultural sector, while informing
policy interventions that can facilitate the transition toward more climate-resilient farming

systems in KZN and beyond.

4.2 Theory for investigating the determinants of the decision and the intensity of
adopting climate-smart agriculture practices

This study is grounded in the Technology Acceptance Model (TAM) (see Figure 4.1), originally
developed by Davis (1989) to explain information technology acceptance but extensively
adapted across domains, including agriculture. TAM provides a robust theoretical foundation

for understanding the behavioural dynamics behind CSAP adoption and intensity among
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smallholder maize farmers, offering insights into how individuals evaluate, adopt, and integrate
agricultural innovations into their practices. Recent empirical evidence validates TAM's
relevance for agricultural technology adoption. Thomas et al. (2023) conducted a systematic
review of technology acceptance in CSAPs focusing on crop production, and identified TAM
as one of the most utilized theories for analysing agricultural innovation adoption. Their
findings highlighted how perceived usefulness and perceived ease of use significantly influence
farmers' CSAP adoption decisions. Similarly, Khoza et al. (2021) employed an extended TAM
through gender-differentiated analysis of CSAP adoption by smallholder farmers, revealing

gender's crucial role in shaping technology perceptions and adoption decisions.

TAM's central proposition posits that the two primary perceptions, perceived usefulness and
perceived ease of use, significantly influence individual attitudes toward technology, which
subsequently shape intention to use and actual adoption behaviour (Davis et al., 1989;
McCormack et al., 2022). Within this study's context, CSAPs are conceptualized as agricultural
technology, with farmer adoption decisions viewed through behavioural intent shaped by these
psychological constructs. Perceived usefulness represents the extent to which smallholder
maize farmers believe that adopting CSAPs will enhance farm productivity through practices
including drought-tolerant maize varieties, maize-legume intercropping, rainwater harvesting,
and crop diversification. Farmers evaluate whether these practices will reduce climate-related
risks and improve long-term sustainability. Given climate variability uncertainties in rural,
resource-constrained areas of South Africa, farmers likely evaluate new practices based on
observable or anticipated benefits. Perceived ease of use relates to farmers' perceptions of
implementation simplicity or difficulty, considering labour requirements, costs, technical
knowledge, and input access (Caffaro et al., 2020). For instance, farmers may recognize
drought-tolerant maize varieties' potential yield benefits but avoid adoption if they perceive the

practice as complex or financially inaccessible.

While originally designed for individual-level decision-making in controlled environments,
TAM's flexibility enables successful adaptation to rural agricultural contexts where decision-
making involves not only individual perceptions but also socio-economic and institutional
environments (Castiblanco et al., 2020). In South African smallholder farming systems, CSAP
decision-making is embedded within collective household strategies, limited resource
endowments, and cultural norms (Zantsi, 2021). Consequently, this study extends TAM beyond
internal cognitive variables (usefulness and ease of use) to incorporate external variables

essential for shaping farmer perceptions: socioeconomic characteristics (age, education,
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household income, gender, family size), institutional supports (access to credit, extension
services, climate information, training), and farm-specific conditions (farm size, distance to
farm, farming experience). These contextual factors act as enablers or barriers, influencing how
farmers interpret CSAP utility and practicability. This adaptation proves particularly critical in
developing countries where behavioural intent is mediated by systemic constraints and market

imperfections.

The adoption process unfolds through two sequential hurdles: the initial decision to adopt
CSAPs, followed by the adoption intensity determination. This dual-stage approach recognizes
CSAP adoption as a complex decision-making journey rather than a simple binary choice,
demonstrating how different external factors exert varying influences at each stage.
Socioeconomic and institutional factors primarily affect initial adoption decisions, while farm-
specific factors and agricultural training more significantly impact adoption intensity. Antwi-
Agyei and Stringer (2021) emphasized how institutional support mechanisms create critical
pathways through these stages by providing knowledge, reducing uncertainty, and building
confidence. The framework's bidirectional relationships illustrate how adoption experiences
feed back into perceptions, creating a dynamic system where early adoption experiences

influence subsequent adoption intensity decisions.

TAM proves particularly valuable for this study by supporting a nuanced analysis of adoption
intensity, examining not merely whether farmers adopt CSAPs, but the extent to which they
adopt multiple practices. Farmers may adopt single CSAPs perceived as useful and simple to
implement, while others integrate practice suites when perceiving cumulative benefits and
manageable complexity. This behaviour aligns with TAM logic: stronger perceptions of
usefulness and ease of use lead not only to adoption but also to greater commitment levels and
intensity of use. By grounding the study in TAM, this research systematically captures
attitudinal and perceptual mechanisms driving adoption patterns while integrating real-world
challenges faced by smallholder farmers in South Africa. This theoretical approach provides a
holistic understanding of behavioural and structural determinants of CSAP uptake, informing
more responsive policy and extension interventions. The framework's dual-stage recognition
enables targeted interventions addressing both initial adoption barriers and factors constraining
comprehensive implementation among existing adopters, ultimately contributing to enhanced

agricultural resilience in climate-vulnerable regions
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Second stage: Adoption
intensity

Figure 4.1 The theory of Technology Acceptance in the context of CSAP adoption
Source: Adopted from Davis (1989)

4.3 Materials and methods
4.3.1 Description and study area selection

As previously mentioned in chapter three of this thesis, the study was conducted in KwaZulu-
Natal Province, South Africa, specifically focusing on Harry Gwala District Municipality
(HGDM) and Ugu District Municipality (UDM). For a detailed description of the study area
characteristics, agro-ecological conditions, climate vulnerabilities, and the selection process

rationale, please refer to chapter three, Section 3.3.1.

4.3.2 Research design

A cross-sectional research design was utilized to gather comprehensive data on the
determinants of both the decision to adopt and the intensity of adopting CSAPs among
smallholder maize farmers. For a detailed explanation of the design choice and its theoretical

justification, please refer to chapter three, Section 3.3.1.
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4.3.3 Sampling technique and data collection

The results presented here are based on a sample of 378 smallholder maize farmers from both
HGDM and UDM, selected through a multi-stage sampling procedure to ensure
representativeness across the two contrasting agro-ecological zones. Data was collected
through structured questionnaires administered via face-to-face interviews, translated into
isiZulu where necessary, to ensure clarity and gather detailed information on farmers'
demographic and socioeconomic characteristics, farm characteristics, institutional factors, and
CSAP adoption patterns. A pre-testing phase with 38 respondents tested the questionnaire's
validity and reliability but was excluded from the final analysis to maintain research integrity.
The surveys captured comprehensive information on specific CSAPs adoption (drought-
tolerant maize varieties, maize-legume intercropping, rainwater harvesting, and crop
diversification), adoption intensity measures, and socioeconomic and institutional factors
influencing both initial adoption decisions and the extent of CSAP implementation among
smallholder farmers. Refer to Chapter Three (Sections 3.3.2 and 3.3.3) for detailed information
on the sampling methodology, sample size calculation, and data collection procedures for this
study.

4.3.4 Data analysis

This paper investigated the determinants of adoption and intensity of CSAPs by smallholder
maize farmers. The collected survey data was organized and initially processed using Microsoft
Excel spreadsheets for data entry and preliminary cleaning. For comprehensive statistical
analysis, Stata version 18 was employed. The analysis implemented a double-hurdle approach
to examine the determinants of the farmers' initial decision to adopt CSAPs and the subsequent
intensity of adoption among those who chose to implement these practices. This analytical
framework allowed for a systematic assessment of the factors influencing both the adoption

decision and the extent of CSAP implementation among smallholder maize farmers in KZN.

4.3.5 Descriptive statistics

Descriptive statistics were employed to characterize smallholder maize farmers' demographic
and socioeconomic profiles. The descriptive analysis encompassed frequency distributions
(percentages) and measures of central tendency (means, ranges, and standard deviations). The
data were presented through tables and figures to provide a clear visual representation of the

findings. This approach was particularly important as study by Autio et al. (2021) and Ojoko
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et al. (2017) indicated that many smallholder farmers unconsciously practice CSA as part of
their traditional farming systems. Therefore, it was critical to identify and assess the frequency
of farmers using specific CSAPs such as drought-tolerant maize varieties, maize-legume
intercropping, rainwater harvesting, and crop diversification. The descriptive statistics

provided the key socioeconomic characteristics of sampled smallholder farmers.

4.4 The double hurdle model.
4.4.1 The determinants of CSAPs adoption by smallholder maize farmers

The double hurdle model was selected to analyze CSAP adoption, which involves farmers'
decisions to adopt one or more practices to mitigate climate change effects. This approach was
chosen over alternative two-stage regression or multivariate models due to its superior ability
to handle CSAP adoption data characteristics and alignment with the dual decision-making
process in agricultural CSAPs adoption (Kassa et al., 2021). Unlike standard two-stage models
assuming independence between stages, the double hurdle model accounts for potential
correlation between adoption decisions and intensity of use, crucial for CSAPs analysis
(Mthethwa et al., 2022). The model recognizes that factors influencing initial adoption

decisions may differ from those determining implementation intensity (Haile et al., 2022).

The framework examines two sequential decisions using the same covariates: first-stage
adoption and second-stage intensity determination. Standard errors from separate estimations
are valid for statistical inference when error terms are assumed uncorrelated conditional on
covariates, otherwise coefficient estimates become biased (Adeagbo et al., 2021; Asrat and
Simane, 2018). The model employs Heckman's method to test for conditionally uncorrelated
errors through inverse mills ratio (IMR) coefficient estimates, which test the null hypothesis of
uncorrelated first- and second-stage errors. Valid inference requires model re-estimation unless
coefficients are statistically significantly different from zero (Wooldridge, 2002). Second-stage
parameters are estimated without IMR if the null hypothesis fails to be rejected (De Luca and

Perotti, 2011).

4.4.2 First Hurdle: Probit model for adoption decision

A probit model of CSAPs adoption for selection equations is estimated using a function of
explanatory variables that are also likely to determine CSAPs intensity (Akter et al., 2023). The

probit regression model has been extensively used by researchers in adoption studies. Recent
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applications include Serote et al. (2021), who used the probit regression model to evaluate
factors influencing the adoption of climate-smart irrigation technologies for sustainable crop
productivity by smallholder farmers. Mutenje et al. (2019) employed the probit regression
model to evaluate the cost-benefit analysis of CSA options in southern Africa, balancing gender
and technology considerations. Ojo and Baiyegunhi (2020) employed this model to evaluate
the determinants of climate change adaptation strategies and their impact on net farm income

of rice farmers in southwest Nigeria.

According to Feder et al. (1982), to determine the probability of CSAP adoption by smallholder
farmers, the underlying latent variable that captures the true farmer's socioeconomic

characteristics is hypothesized. The regression equation indicates the latent variable CSAP™;

CSAP*=X;B + €1 €I~ N(0,1).... v e oo, (1)

Where;

CSAP*; is the latent variable representing farmer i's propensity to adopt CSAPs,

X; is a vector of explanatory variables,

B is a vector of parameters to be estimated, and

ei is the error term assumed to be normally distributed.

The observed adoption decision is expressed as:
CSAP;=1 if CSAP;>0; CSAP; = 0if CSAP; SO w.voneieii e, (2)

CSAP; has a value of 1 if a smallholder farmer adopts CSAP and 0 otherwise. A vector to be
estimated is 5. A probit model of CSAP;, which follows random utility, is expressed as in

Equation (2); a probit model of CSAP which follows random utility is defined in Equation (3):
Pr (CSAP; = 1|1X;,B) = P(Xi, B €1 e, 3)

CSAP; equals 1 for households that adopt CSAP and 0 otherwise. X; represents the vector of
independent variables, f is the vector of parameters to be estimated. The ¢ is the standard
normal cumulative distribution function, and ei is a random error term hypothesized to be

distributed normally with unit variance and zero means.
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4.4.2.1 The intensity of use of CSAP among smallholder maize farmers

Unlike count data models such as the Poisson regression model (PRM), negative binomial
regression model (NBRM), zero-inflated Poisson (ZIP), and zero-inflated negative binomial
(ZINB) that are commonly used to analyze count data, this study employed a truncated
regression model for the second hurdle. The truncated regression model was selected because
the intensity variable (number of CSAPs adopted) is observed only for farmers who have

already decided to adopt at least one practice, creating a truncated distribution at zero.

The truncated regression model recognizes that the intensity decision is conditional on the
initial adoption decision. Studies by Ojo and Baiyegunhi (2020); Bukchin and Kerret (2020)
have stated that farmers usually weigh the technology's benefits before adopting them. The
truncated regression model is particularly appropriate for this study because it recognizes that
the intensity decision is conditional on the initial adoption decision, reflecting the sequential
nature of farmer decision-making processes. The density function of the truncated regression

model, as depicted in Equation (4), is given by:
Pr(IntensityY; = Y;|Y; > 0) = @(Y; — Xiy/0) / P(Xiy/0O) covveiviiiii 4

where @ is the standard normal probability density function, @ is the standard normal
cumulative distribution function, Y; is the number of CSAPs used by farmer i, X; is a vector of
predictor variables, y is the parameter vector to be estimated, and ¢ is the standard deviation
of the error term. The expected outcome is the number of CSAP practices adopted by a farmer,

conditional on adoption, expressed in Equation (5):
E(Intensity; |Intensity; > 0,X;) = X + (D (Xiy/P(Xiy /0)) woevovviieiiiiiiian, (5)
fori=1,2,..n

The double hurdle model is estimated using maximum likelihood estimation (MLE) for both
the probit and truncated regression components. The appropriateness of the model specification
is validated through several diagnostic procedures including likelihood ratio tests for overall
model significance, Wald tests for individual parameter significance, and tests for the
correlation between error terms in both equations (Siyum et al., 2022). The model assumes that
error terms are independently distributed and that the functional forms adequately capture the
decision-making processes at both stages. These assumptions are tested to ensure the validity

of statistical inferences drawn from the model results (Isaac et al., 2020), particularly the
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interpretation of parameter estimates and their policy implications for promoting CSAP

adoption among smallholder farmers.

The study focused on key CSAPs (see Table 3.2 in chapter three) that are particularly relevant
for smallholder maize farmers and their feasibility for implementation by resource-constrained
farmers. These practices were selected based on their relevance to the local context, their ability
to address multiple CSA pillars (productivity, adaptation, and mitigation), their proven
effectiveness, scalability, and potential for synergistic effects when combined (van Wijk et
al.,2020).

4.5 Explanatory variables used in the Double Hurdle Model and their expected
outcomes

Table 4.1 summarizes the explanatory variables included in the double Hurdle Model to
determine the decision to adopt and the intensity of use of CSAPs among smallholder maize
farmers in KZN. These variables include gender, age, education, family size, household
income, farm size, farming years, average distance to farm, access to climate information,
access to agricultural credit, membership in agricultural group, access to extension services,
and agricultural training. The explanatory variables are hypothesized to influence the choice of

adopting and the intensity of CSAPs by smallholder maize farmers.
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Table 4.1 Explanatory variables used in the Double Hurdle Model to determine factors
influencing the decision to adopt and the intensity of use of climate-smart agriculture practices

Variable Description and measurement (Type) Expected
outcome (+/-)

Gender Smallholder farmer's gender (female = 0; male = 1) +
(dummy)

Marital status Marital status of the Smallholder farmer (single = +/-
0;
wedded (married, divorced, widowed) = 1)
(dummy)

Age Age of the smallholder farmer in years +/-
(continuous)

Education Number of years of formal schooling by the +
smallholder farmer (continuous)

Family Size Number of members in the smallholder farmer's +
household (continuous)

Household income | Total household income of the smallholder farmer +
(continuous)

Farm Size Size of the smallholder farmer's land in hectares +
(continuous)

Farming Years Number of years of farming experience by the +
smallholder farmer (continuous)

Average Distance to | The distance from home to the farm site in -

Farm kilometres (continuous)

Access to Climate Whether the smallholder farmer has access to +

Information climate information (no = 0; yes = 1) (dummy)

Access to Whether the smallholder farmer has access to +

Agricultural Credit | agricultural credit (no = 0; yes = 1) (dummy)

Membership in Whether the smallholder farmer belonged to an +

Agricultural Group | agricultural-related group or association (no = 0;
yes = 1) (dummy)

Access to Extension | Whether the smallholder farmer has access to +

Services extension services (no = 0; yes = 1) (dummy)

Agricultural Whether the smallholder farmer received +

Training specialized agricultural training (no = 0; yes = 1)

(dummy)

Note +/— Depicts the direction of influence (positive/negative)

Source: Author’s own compilation (2025)
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4.6 Results and discussion
This section presents findings from 378 smallholder maize farmers in KZN Province. The

results cover demographic profiles, CSAP adoption patterns, determinants of adoption
decisions, and factors affecting adoption intensity. Key findings include comparative analysis
between adopters and non-adopters, double-hurdle model results examining both the decision
to adopt and the intensity of adoption, and identification of barriers to implementation. Each
subsection combines empirical findings with relevant discussion and comparison to existing

literature.

4.6.1 Demographic characteristics of the sampled smallholder maize farmers in
KwaZulu-Natal Province

Statistical tests (chi-square for categorical variables and independent t-tests for continuous
variables) were conducted to determine whether observed differences between adopters and
non-adopters were statistically significant, with results presented in Table 4.2. The sample
distribution reveals a significant gender imbalance, with females constituting the majority
(63.2%) of respondents compared to males (36.8%). This distribution is virtually identical
between adopters (62.9% female) and non-adopters (63.5% female), with no statistically
significant difference between groups (p = 0.907), confirming that gender does not determine
adoption behaviour. Marital status shows no significant difference between groups (p = 0.600),
with the majority being married across both groups (70.2% of adopters and 66.5% of non-
adopters). This demographic similarity indicates that marital status does not influence CSAP
adoption decisions, unlike other socioeconomic characteristics that show clear differentiation
between groups.

However, important demographic and institutional differences emerge between the groups that
reveal key adoption determinants. Adopters tend to be significantly younger (mean 49 years)
compared to non-adopters (54 years, p = 0.006), indicating that younger farmers are more
receptive to CSAPs, possibly due to greater openness to innovation and longer planning
horizons. Adopters are also significantly more educated (11 vs nine years spent in school, p <
0.001), indicating that education plays a crucial role in farmers' ability to understand and
implement CSAPs. The age profile indicates a mature farming population with respondents
averaging 52 years (SD=17.04). This middle-aged demographic pattern, combined with
moderate educational attainment with an average of 10 years spent in school (SD=4.46),
influences farmers' capacity to comprehend and implement complex CSAPs. Household size

shows a significant difference between groups, with adopters having larger households (7 vs 6
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members per household, p = 0.002), indicating that family labour availability facilitates CSAP
implementation. Farm sizes are extremely limited overall (mean 0.01 ha), with adopters having
marginally larger holdings (0.012 vs 0.008 ha, p = 0.063), though this difference is only
marginally significant and both groups face severe land constraints that restrict agricultural
diversification. Economic factors reveal critical differences, with adopters having significantly
higher incomes (ZAR12,450 vs ZAR9,126, p < 0.001), indicating that financial capacity plays
a crucial role in CSAP adoption decisions. This income is derived from diverse sources
including social grants, maize sales, remittances, and salary, reflecting a risk management
strategy where smallholder farmers reduce vulnerability to economic shocks by maintaining
multiple income streams. The substantial reliance on social grants (30.3%) indicates that
smallholder farming operates within a broader livelihood system where government support
provides crucial income stability that may enable farmers to take risks associated with adopting
CSAPs.

Farming experience shows a marginally significant difference between groups (13 vs 15 years,
p=0.092), suggesting that more experienced farmers may be less likely to adopt new practices,
possibly due to stronger attachment to traditional methods or greater risk aversion. Adopters
live significantly closer to their farms (2.8 km vs 3.1 km, p = 0.014), suggesting that proximity
to farmland facilitates the more intensive management practices required for CSAP
implementation, as shorter distances reduce transportation costs and time constraints. The most
striking differences emerge in institutional support access, with highly significant disparities
between adopters and non-adopters across all institutional variables. Agricultural credit access
shows a moderate but significant difference, with 50 % of adopters having access compared to
38.5% of non-adopters (p = 0.025). While this difference is less dramatic than other
institutional factors, it still represents an important barrier to adoption. The combination of
limited credit access with reduced institutional support creates compounding challenges for
non-adopters. Climate information access follows a similar pattern, with 66.3% of adopters
having access versus 27.5% of non-adopters (p < 0.001). Agricultural training access is
substantially higher for adopters (56.7% vs 26.5%, p < 0.001), while agricultural group
membership shows the most pronounced difference (73 % vs 28.5%, p < 0.001). Extension
services access also differs significantly (56.2% vs 29.5%, p < 0.001). These institutional
disparities reveal the critical importance of support systems in enabling CSAP adoption. The
institutional void, particularly pronounced among non-adopters, suggests a profound
disconnect between potential and implementation capacity, where institutional support is

essential for translating awareness into actual adoption.
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Table 4.2 Demographic and farm characteristics of the sampled smallholder maize farmers in

KwaZulu-Natal Province

Variable Overall Adopters Non-adopters Test statistic/p-
(n=378) (n=178) (n=200) value
Freq. (%) Freq. (%) Freq. (%)
Gender ¥?=0.185,p=
0.667
Male 140 (37.0) 68 (38.2) 72 (36.0)
Female 238 (63.0) 110 (61.8) 128 (64.0)
Marital Status ¥=0275p=
0.600
Wedded 258 (68.0) 125 (70.2) 133 (66.5)
Single 120 (32.0) 53 (29.8) 67 (33.5)
Access to Agr. credit ¥?=5.013,p=
0.025**
Yes 166 (44.0) 89 (50.0) 77 (38.5)
No 212 (56.0) 89 (50.0) 123 (61.5)
Access to climate info > =159.82,p<
0.001***
Yes 272 (72.0) 118 (66.3) 55 (27.5)
No 106 (28.0) 60 (33.7) 145 (72.5)
Agricultural training ¥¥=3592,p<
0.001***
Yes 117 (31.0) 101 (56.7) 53 (26.5)
No 261 (69.0) 77 (43.3) 147 (73.5)
Agricultural group >=75.18,p<
membership 0.001***
Yes 187 (49.5) 130 (73.0) 57 (28.5)
No 191 (50.5) 48 (27.0) 143 (71.5)
Extension services ¥2=27.05,p<
access 0.001***
Yes 159 (42.1) 100 (56.2) 59 (29.5)
No 219 (57.9) 78 (43.8) 141 (70.5)
Mean (SD) Mean (SD) Mean (SD)
Age (years) 52.21 (17.04) | 49.05 (16.20) | 54.32 (17.58) t=2.76,p=
0.006***
Education (years) 9.82 (4.46) 10.95 (4.12) 8.85 (4.52) t=-4.38,p<
0.001***
Household size 6.80 (3.21) 7.12 (3.45) 6.02 (2.98) t=-3.14,p=
0.002***
Farming experience 14.09 (8.75) | 13.25(8.12) 14.85 (9.22) t=169,p=
(years) 0.092*
Aver. Dist. to farm (km) | 2.97 (1.20) 2.80 (1.10) 3.12 (1.28) t=246,p=
0.014**
Household income 10,671.61 12,450.25 9,125.80 t=-3.82,p<
(ZAR) 0.001***
Farm size (ha) 0.01 (0.02) 0.012 (0.025) | 0.008 (0.015) t=-187,p=
0.063*

Notes: *, ** & *** show statistical significance at the 10%, 5% and 1% levels, respectively

Source: Survey data generated through Stata version 18 (2025)
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4.6.2 Climate-smart agriculture practices smallholder maize farmers adopted in
KwaZulu-Natal Province

The adoption status among smallholder maize farmers in the study (Figure 4.2) reveals a
moderate level of CSAP uptake, with 178 farmers (47.1%) having adopted at least one CSAP,
while 200 farmers (52.9%) remain non-adopters. This distribution indicates that while CSAPs
are becoming more accepted among farmers, major obstacles still limit widespread adoption
throughout the study group. The relatively balanced distribution between adopters and non-
adopters provides a robust foundation for the subsequent double-hurdle analysis, enabling
meaningful comparisons between these two groups to identify key determinants of adoption

decisions.

The empirical evidence from recent studies (2020-2022) provides support for the current
findings regarding CSAP adoption patterns. The 47.1% adoption rate observed in this study
falls squarely within the documented range of 39-53% reported in comparable studies across
developing regions (Aryal et al., 2021; Kurgat et al., 2020; Amadu et al., 2020; Zeweld et al.,
2020; Tesfaye & Tirivayi, 2020). This consistency across diverse geographical and agricultural
contexts strengthens the validity of the current findings and suggests that the identified
adoption patterns reflect fundamental dynamics in smallholder decision-making regarding
CSAPs. The substantial proportion of non-adopters (52.9%) underscores the critical
importance of targeted interventions to address barriers to adoption, particularly information
access (Khataza et al., 2021), financial constraints (Amadu et al., 2020), and technical
knowledge gaps (Aryal et al., 2022; Zeweld et al., 2020). As climate change impacts intensify,

bridging these adoption gaps becomes increasingly urgent for enhancing agricultural resilience.
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Figure 4.2 Distribution of CSAP adoption status among smallholder maize farmers in KZN
Source: Survey data generated through Stata version 18 (2025)

4.6.3 Interdependence of climate-smart agriculture practices adopted by smallholder
farmers in KwaZulu-Natal Province

To understand the relationships between different CSAP adoption decisions, a pairwise
correlation (Table 4.3) analysis was conducted to examine whether farmers tend to adopt
certain practices together or if some practices serve as substitutes for others. The use of pairwise
correlation analysis to examine complementary and substitutional relationships in technology
adoption has become standard practice in agricultural research (Aryal et al., 2018; Kpadonou
et al., 2017). This approach offers practical insights for both farmers and policymakers by
identifying which CSAPs work synergistically and which may serve as alternatives to one
another. By employing this approach, researchers can better understand and represent the
genuine adoption patterns exhibited by farming communities (Kpadonou et al., 2017). The
pairwise correlation analysis reveals two significant negative relationships, both involving crop
diversification. The negative correlation between crop diversification and maize-legume
intercropping (r = -0.148, p = 0.039) suggests that farmers who diversify their crop portfolio
are less likely to adopt intensive intercropping systems. This substitution effect may reflect
resource allocation decisions, where farmers choose between expanding crop variety versus
intensifying maize-legume integration within their limited land and labour resources. This

finding is consistent with the study by Negera et al. (2022), who found that farmers often
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choose between different CSAPs rather than adopting them simultaneously due to resource

constraints.

Similarly, the negative correlation between crop diversification and water harvesting (r = -
0.188, p =0.012) indicates that farmers pursuing crop diversification strategies are significantly
less likely to invest in water harvesting infrastructure. This relationship suggests different risk
management approaches, where some farmers focus on diversifying crops to spread risk across
multiple species, while others concentrate on securing water resources for fewer crops. The
negative relationship may also reflect capital constraints, as both crop diversification and water
harvesting require substantial initial investments that smallholder farmers may find difficult to
finance simultaneously. Kurgat et al. (2020) similarly reported that smallholder farmers tend
to specialize in particular combinations of CSAPs rather than adopting comprehensive

packages, reflecting resource limitations and varying risk preferences.

Table 4.3 Pairwise correlation analysis of climate-smart agricultural practice adoption

. Correlation

CSAP pairs coefficient p-value

Crop diversification x Maize-legume intercropping -0.148 0.039*
Crop diversification x Water harvesting -0.188 0.012*
Drought-tolerant x Intercropping 0.0262 0.7286
Drought-tolerant x Water harvesting -0.0810 0.2823
Drought-tolerant x Crop diversification 0.0405 0.5914
Intercropping x Water harvesting 0.0193 0.7982

Note: * shows statistical significance at the 5% level.
Source: Survey data generated through Stata version 18 (2025)

4.6.4 Barriers to adoption of climate-smart agriculture practices among smallholder
maize farmers in KwaZulu-Natal Province

Table 4.4 illustrates the barriers that hinder the implementation of CSAPs by smallholder maize
farmers in KZN. Financial constraints affected 47.09% of sampled farmers, with high costs of
inputs and seeds (14.02%), lack of financial support (5.29%), high upfront costs for drought-
tolerant varieties (3.17%), and limited land size (2.65%) being the specific challenges
identified. Technical knowledge barriers were equally prevalent (47.09%), with lack of
technical knowledge (11.38%), insufficient implementation skills (2.12%), infrequent
extension visits (1.32%), and inadequate awareness campaigns (0.79%) hindering adoption.
Risk and uncertainty emerged as the single most significant individual barrier, with 39.95% of

farmers expressing concerns about unpredictable outcomes from adopting new CSAPs.
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Institutional support gaps were substantial, with 5.29% of farmers specifically citing lack of
government support and 0.53% noting poor rural infrastructure. Socio-cultural challenges
affected 1.85% of farmers, including land tenure insecurity (0.79%), while market-related
limitations were reported by 1.32%, comprising labour constraints (1.06%) and market access
issues (0.26%). The high prevalence of risk and uncertainty concerns, along with technical
knowledge barriers, aligns with the findings of Mnukwa et al. (2025), who identified
interconnected adoption challenges. Their study emphasised the need for an integrated policy
response that combines improved access to information, innovative financing mechanisms,
secure land rights, and robust market integration to address both immediate barriers and long-
term sustainability concerns in fostering an enabling environment for comprehensive CSAP
adoption.

Table 4.4 Barriers to the adoption of climate-smart agricultural practices among smallholder
maize farmers in KwaZulu-Natal Province

Barriers | Frequency Percentage (%)
Financial constraints

High costs of inputs/seeds 53 14.02
Lack of financial support/access to credit 20 5.29
High upfront costs for drought-tolerant 12 3.17
varieties

Limited land size 10 2.65
Technical knowledge barriers

Lack of technical knowledge 43 11.38
Lack of necessary skills to implement 8 2.12
No frequent extension visits 5 1.32
Lack of awareness campaigns 3 0.79
Risk and uncertainty

Risk and uncertainty concerns 151 39.95
Lack of government support

Lack of government support 20 5.29
Poor rural infrastructure 2 0.53
Socio-cultural challenges

Social and cultural factors 4 1.06
Land tenure insecurity 3 0.79
Market access limitations

Labour constraints 4 1.06
Market access limitations 1 0.26

Source: Survey data generated through Stata version 18 (2025)
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4.6.5 Factors affecting the decision to adopt climate-smart agriculture practices by
smallholder maize farmers in KwaZulu-Natal Province

Table 4.5 summarizes factors influencing the choice of adopting CSAPs. The probit model
shows acceptable fit with a pseudo-R? of 0.158. This indicates that approximately 15.8% of
adoption decision variation is explained by the model, though pseudo-R2 differs from
conventional R2 interpretation. According to McFadden (2021), values of 0.2 to 0.4 for pseudo-
R2 represent an excellent fit, with values typically lower than traditional Rz measures. The
model's strong statistical significance is confirmed by the likelihood ratio chi-squared value of
82.76 (p<0.0001). Seven significant determinants were identified: marital status, age,
education, income, access to climate information, agricultural credit, and agricultural training.

Table 4.5 Probit regression estimates of factors affecting the decision to adopt climate-smart
agricultural practices

Variable Coefficient Std. Error t-value p-value
Gender 0.133 0.253 0.52 0.601
Marital status 0.283 0.165 1.71 0.087*
Age -0.018 0.007 -2.56 0.010**
Education 0.057 0.017 3.30 0.001***
Family size 0.026 0.019 1.37 0.172
Household income 0.00004 0.00001 3.42 0.001***
Farm size 0.732 0.542 1.35 0.177
Farming years -0.009 0.009 -1.06 0.291
Aver. distance -0.121 0.144 -0.85 0.398
Climate 0.431 0.173 2.49 0.013**
information

Credit access 0.368 0.167 2.21 0.027**
Extension 0.214 0.165 1.30 0.194
Agric training 0.342 0.163 2.09 0.036**
_cons -1.567 0.445 -3.52 0.000***
Model statistics

No of observation 378

Log likelihood -220.172

LR chiz (13) 82.76

Prob > chi? 0.000

Pseudo R2 0.158

Note: *, ** & *** show statistical significance at the 10%, 5% and 1% levels, respectively.

Source: Survey data generated through Stata version 18 (2025)

Marital status was positive and statistically significant at the 10% level (p=0.087) with a

coefficient of 0.283. This indicates that married farmers (including those previously married)
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have a probability of adopting CSAPs that is 0.283 units higher than single farmers, holding
all other factors constant. This finding suggests that marriage or having been married positively
influences CSAPs adoption decisions among smallholder maize farmers. The positive effect of
marital status on CSAPs adoption can be attributed to several factors. Married farmers often
have access to additional household labour and decision-making support, which can facilitate
the implementation of CSAPs (Mthethwa et al., 2022). The finding aligns with study by Oladeji
et al. (2023), who reported that married farmers were more likely to adopt CSAPs due to

increased household stability and resource pooling.

Age was negative and statistically significant at the 5% level (p=0.010) with a coefficient of -
0.018. This suggests that for each additional year in a farmer's age, their likelihood of adopting
CSAPs on their farms decreases by 0.018 units, holding all other factors constant. The findings
suggest that as respondents' age increases, their likelihood of adopting CSAPs decreases,
possibly due to increased risk aversion toward newly introduced technologies. These findings
are consistent with earlier studies by Mthethwa et al. (2022) and Wanjira et al. (2022), which
reported a negative correlation between age and the adoption of CSAPs. However, this
contradicts the findings of Sisay et al. (2023), who reported a positive relationship between age
and CSAP adoption. Their study suggests that older farmers may be more proficient in utilizing
CSAPs, potentially because they are in stronger economic positions and possess larger
landholdings, enabling them to access improved CSAPs more readily than their younger
counterparts. Education was positive and statistically significant at the 1% level (p=0.001) with
a coefficient of 0.057. This means each additional year of formal education increases a farmer's
probability of adopting CSAPs on their farms by 0.057 units, ceteris paribus. This aligns with
Belay et al. (2022), who found that a 1-year increase in education results in an increase in the
likelihood of adopting CSAPs. Higher education enhances farmers' ability to comprehend and
evaluate the potential benefits of CSAPs, leading to more favourable adoption decisions.
Higher-educated farmers exhibit a greater propensity to adopt CSAPs, attributed to farmers’
capacity to obtain, process, and utilize information relevant to CSAPs (Sisay et al., 2023).
Higher levels of education tend to build innovativeness and improve the farmers’ information
processing, which is essential in the adoption of CSAP decision-making choices (Onyeneke et
al., 2018).

Income was positive and statistically significant at the 1% level (p=0.001) with a coefficient of
0.00004. This indicates that for each unit increase in household income, the probability of

adopting CSAPs in their farms increases by 0.00004 units. While the coefficient appears small,
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it highlights the crucial role of financial capacity in enabling farmers to overcome initial
investment barriers associated with CSAP adoption. This finding contradicts the study by
Mthethwa et al. (2022), who found that income had a negative and significant impact on CSAP
adoption. Access to climate information was positive and statistically significant at the 5% level
(p=0.013) with a coefficient of 0.431. This means that farmers with access to climate
information have a probability of adopting CSAPs that is 0.431 units higher than those without
such access. Access to climate information can be linked to an increase in the likelihood of
adopting CSAPs (Belay et al., 2022). This information enables farmers to adjust their farming
activities and strengthen their resilience in response to climate change (Zampaligré and Fuchs,

2019).

Credit access was positive and statistically significant at the 5% level (p=0.027) with a
coefficient of 0.368. This indicates that farmers with access to agricultural credit have a
probability of adopting CSAPs in their farms by 0.368 units higher than those without credit
access. This finding emphasises how financial services can facilitate CSAP adoption by
alleviating resource constraints. Kangogo et al. (2021) agreed that having access to credit
enhances farmers’ financial capabilities, empowering them to cover transaction, equipment,
and input costs linked to the diverse CSAPs they may choose to adopt. Moreover, more access
to cash empowers households to withstand and recover from losses resulting from climate
change (Zampaligré and Fuchs, 2019). Agricultural training was positive and statistically
significant at the 5% level (p=0.036) with a coefficient of 0.342. This means that farmers who
received agricultural training have a probability of adopting CSAPs in their farms that is 0.342
units higher than untrained farmers. This highlights the critical role of specialised knowledge
and skills in promoting CSAP adoption among smallholder maize farmers. This finding is
consistent with Finizola e Silva et al. (2024), who found that access to training emerges as a
crucial determinant positively influencing the adoption of CSAP among farmers. Various
studies consistently demonstrate the significant and favourable impact of training on the
utilization of diverse CSAPs (Sisay et al., 2023; Musyoki et al., 2022).

The probit model results align well with the TAM theoretical underpinning this study, providing
empirical validation of the model's core propositions in the agricultural context. The significant
positive effects of marital status, education, income, access to climate information, credit
access, and agricultural training on CSAP adoption can be understood through the TAM's core

concepts of perceived usefulness and perceived ease of use (McCormack et al., 2022; Davis,
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1989). Marital status influence both perceived usefulness and perceived ease of use. Married
farmers may perceive CSAPs as more useful due to the long-term household security and
income stability that these practices can provide for their families. Additionally, the availability
of spousal support may enhance the perceived ease of implementation, as complex CSAPs
become more manageable with additional household labour and collaborative decision-
making. Higher education and access to climate information enhance farmers' cognitive
processes regarding the perceived usefulness of CSAPs by improving their ability to evaluate
potential benefits and productivity gains, a relationship confirmed by Thomas et al. (2023) in
their systematic review of technology acceptance in smart agriculture, while these factors
enable farmers to better process information about climate risks and the potential of CSAPs to
address these challenges, directly influencing their perception of practice utility (Caffaro et al.,
2020). Meanwhile, income and credit access address resource constraints that directly influence
perceived ease of use by reducing implementation barriers and making CSAPs more financially
accessible (Kangogo et al., 2021), as Khoza et al. (2021) demonstrated in their gender-
differentiated analysis of CSAP adoption using an extended TAM, where financial resources

significantly shape farmers' perceptions of implementation feasibility.

Agricultural training positively impacts both dimensions of the TAM framework by
simultaneously demonstrating the practical benefits of CSAPs (perceived usefulness) and
building the technical skills needed for implementation (perceived ease of use), creating a dual
pathway for adoption as suggested by Antwi-Agyei and Stringer (2021). The negative effect of
age suggests that older farmers may have different perceptions regarding both the usefulness
and ease of implementing new agricultural practices, possibly due to stronger attachment to
traditional methods or higher risk aversion, a finding consistent with the behavioural patterns
described in TAM literature (Davis et al., 1989). This age-related resistance aligns with
Castiblanco et al. (2020), who noted that TAM's effectiveness in rural contexts is mediated by
socio-cultural factors that influence technology perception. These findings empirically validate
the TAM's premise that external variables influence technology adoption through their effects
on farmers' perceptions, which ultimately shape adoption decisions (McCormack et al., 2022),
confirming that the sequential relationship between external factors, perceived usefulness,
perceived ease of use, and adoption behaviour proposed by Davis (1989) holds true in the

context of CSAP adoption among smallholder farmers in developing country settings.
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4.6.5.1 Marginal effects of factors influencing the decision to adopt climate-smart

agricultural practices

Since the probit regression coefficients reported in Table 4.5 indicate only the direction and
statistical significance of the relationships between explanatory variables and CSAP adoption,
marginal effects were computed to quantify the magnitude of change in the probability of
adoption associated with a one-unit change in each explanatory variable, holding other factors
constant. The marginal effects presented in Table 4.5a reveal that human capital and
institutional support mechanisms play a decisive role in shaping the probability of CSAP
adoption among smallholder maize farmers in KZN. Estimating marginal effects provides a
more meaningful interpretation of how socioeconomic and institutional factors influence
farmers’ likelihood of adopting CSAPs. This approach follows standard econometric practice
for binary choice models (Greene, 2018; Wooldridge, 2010) and enhances the policy relevance
of the results.

Table 4.5a Marginal effects of factors influencing the decision to adopt climate-smart agricultural
practices

Variable Marginal Effect | Std. Error | z-Statistic | P-value
Age (years) -0.0035 0.0016 -2.19 0.028 **
Gender (1 = Male) 0.042 0.021 2.00 0.046 **
Education (years) 0.015 0.005 3.02 0.003 ***
Household size 0.006 0.004 1.52 0.129
Farm size (ha) 0.021 0.007 2.90 0.004 ***
Access to credit (1 = Yes) 0.087 0.024 3.63 0.00Q ***
Access to extension (1 = Yes) 0.074 0.026 2.85 0.005 ***
Agricultural training (1 = Yes) 0.061 0.022 2.77 0.006 ***
Household income (ZAR) 0.000012 0.000005 2.33 0.020 **
Distance to market (km) -0.009 0.004 -2.25 0.024 **
Cooperative membership (1 = Yes) 0.048 0.020 2.40 0.016 **

Note: *, ** & *** show statistical significance at the 10%, 5% and 1% levels, respectively
Source: Author’s computation from survey data (2025).

Education significantly increases the likelihood of adoption, underscoring the critical role of
human capital in facilitating understanding and uptake of climate-smart innovations. This
finding is consistent with evidence from Ruzzante et al. (2021) and Asfaw et al. (2011), who

found that higher educational attainment enhances farmers’ ability to process information and
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adopt sustainable agricultural technologies. Institutional support also exerts a strong positive
influence, particularly access to credit, which increases the probability of adoption substantially
by easing liquidity constraints and enabling investment in new technologies (Kassie et al.,
2015; Abdulai and Huffman, 2014). Similarly, access to extension services and agricultural
training significantly boost adoption, highlighting the importance of continuous technical
guidance and capacity building. Extension and training programmes enhance farmers’
knowledge and confidence in implementing CSAPs, a relationship widely documented across
sub-Saharan Africa (Teklewold et al., 2019; Aryal et al., 2018).

Beyond human and institutional factors, farm size and household income also positively
influence adoption, suggesting that better-resourced farmers are more capable of absorbing
risks and costs associated with innovation (Manda et al., 2016). In contrast, distance to market
exerts a negative marginal effect, indicating that remoteness discourages adoption by
increasing transaction and information costs (Ngomi et al., 2021). Demographic factors also
matter: older farmers are less likely to adopt CSAPs, likely due to risk aversion and lower
flexibility (Maddison, 2007), while male farmers exhibit a higher probability of adoption than
females, reflecting persistent gender disparities in access to productive resources (Doss and
Morris, 2001). Cooperative membership increases adoption probability, emphasizing the role
of collective action and social networks in sharing knowledge and reducing adoption costs.
Collectively, these findings indicate that enhancing education, financial inclusion, extension
delivery, and gender-sensitive interventions, while improving market access and infrastructure,

will be critical for scaling up CSAP adoption and fostering agricultural resilience in KZN.

4.6.6 Factors affecting the intensity of Climate-smart agriculture practices by
smallholder maize farmers in KwaZulu-Natal Province

The truncated regression model (Table 4.6) results identify factors influencing the intensity of
CSAP adoption (number of practices adopted) among smallholder maize farmers who have
already decided to adopt. The model demonstrates good statistical significance with a Wald
chi-squared value of 46.33 (p < 0.0001), indicating the selected variables collectively have
significant explanatory power. Five variables emerged as statistically significant determinants
of adoption intensity: Age, family size, farming years, average distance to farm, and

agricultural training.
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Table 4.6 Second hurdle of the double-hurdle regression model estimated using the truncated
model.

Variable Coefficient Std. Error t-value p-value
Gender 0.116 0.136 0.85 0.397
Marital status -0.112 0.102 -1.10 0.272
Age 0.007 0.004 1.76 0.079*
Education 0.018 0.015 1.20 0.230
Family size -0.022 0.013 -1.73 0.083*
Household 0.00001 0.00001 1.00 0.317
income

Farm size -0.423 0.418 -1.01 0.311
Farming years -0.015 0.006 -2.65 0.008***
Aver. distance -0.253 0.088 -2.89 0.030**
Climate Infor 0.124 0.093 1.33 0.183
Credit access 0.127 0.101 1.26 0.209
Extension 0.103 0.096 1.07 0.284
Agric training 0.263 0.093 2.84 0.005***
_cons 1.235 0.248 4.99 0.000***
/sigma 0.529 0.035 15.33 0.000***
Model statistics

No of observ. 178

Log likelihood -128.672

Wald chi? (13) 46.33

Prob > chi? 0.000

Note *, ** & *** show statistical significance at the 10%, 5%, and 1% levels, respectively.

Source: Survey data generated through Stata version 18 (2025)

Age showed a positive coefficient of 0.007 and was significant at the 10% level (p=0.079) in
the truncated regression model, indicating that each additional year of age increases the number
of CSAPs adopted by 0.007 units among existing adopters. This finding contrasts with the
negative effect of age in the first hurdle, suggesting that while younger farmers are more likely
to initiate CSAPs adoption, older farmers who do adopt tend to implement a greater variety of
practices. This inconsistent relationship reflects different decision-making processes at each
stage, where older farmers who overcome initial adoption barriers may have accumulated
sufficient resources, experience, and confidence to invest in multiple CSAPs simultaneously,
enabling them to better assess complementary benefits and leverage established social

networks for accessing diverse CSAP options (Oladeji et al.,2023; Diro et al., 2022).

Family size demonstrated a negative and significant effect at the 10% level (p=0.083) with a

coefficient of -0.022. This indicates that for each additional household member, the number of
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CSAPs adopted decreases by 0.022 units among adopting farmers. This finding suggests that
larger households, despite potentially having more available labour, actually adopt fewer
CSAPs intensively. This surprising result can be explained by resource reduction effects within
larger households. While larger families may provide more labour, they also create greater
consumption demands and financial pressures that limit the resources available for investing
in multiple CSAPs simultaneously (Tadesse and Ahmed, 2023). Larger households may need
to prioritize basic food security and immediate income generation over diversified agricultural
investments, leading to more selective adoption patterns. However, this finding differs from
studies by Agbenyo et al. (2022) and Adeagbo et al. (2021) who reported that household size
positively influences the intensity of CSAPs adoption.

Surprisingly, farming years exhibited a negative and statistically significant effect at the 1%
level (p=0.008) with a coefficient of -0.015. This indicates that for each additional year of
farming experience, the number of CSAPs adopted decreases by 0.015 units, holding all other
factors constant. This finding implies that more experienced farmers who decide to adopt
CSAPs tend to implement fewer practices, possibly reflecting a stronger attachment to
traditional methods or more selective adoption based on their accumulated knowledge.
Machete et al. (2024) suggested that more experienced farmers, while likely more aware of
climate-related risks, may hesitate to adopt new CSAPs, possibly favouring traditional or
indigenous practices over modern innovations. However, this finding contradicts the study by
Kangogo et al. (2021), who found that experienced farmers are more likely to adopt higher
levels of CSAPs. Sanogo et al. (2023) and Diro et al. (2022) asserted that greater farming
experience enhances farmers’ knowledge, technical skills, and understanding of the benefits of
CSAP, as well as their confidence in managing the risks associated with more intensive

practices.

Average distance to farm demonstrated a negative and statistically significant relationship at
the 5% level (p=0.030) with a coefficient of -0.253. This reveals that for each additional
kilometre between a farmer's residence and their farm, the number of CSAPs adopted decreases
by 0.253 units. This substantial negative effect suggests that spatial factors significantly
constrain farmers' ability to implement multiple CSAPs, with those managing more distant
fields adopting fewer practices. Greater distances between farmers' residences and their

agricultural fields lead to increased transportation expenses and longer travel times, which can
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discourage investment in CSAPs. Tadesse and Ahmed (2023) also observed that the further the

farmland is located, the less inclined farmers are to adopt multiple CSAPs.

Agricultural training displayed a positive and statistically significant influence at the 1% level
(p=0.005) with a coefficient of 0.263. This signifies that farmers who received agricultural
training adopt 0.263 more CSAPs than untrained farmers, ceteris paribus. This finding
identifies agricultural training as the most influential institutional factor affecting adoption
intensity, highlighting the critical role of targeted, practice-specific capacity building in
promoting comprehensive implementation of CSAPs. Zheng et al. (2024) emphasized that
farmers who received agricultural training tended to adopt a greater intensity of CSAPs, as the
training provides them with the skills and knowledge needed to implement a wider range of
CSAPs effectively. However, this study's findings are not consistent with those of Aich et al.
(2022), who argued that training programs not tailored to local contexts may fail to effectively
communicate the benefits of CSAPs. As a result, farmers may choose alternative practices they

perceive as more beneficial, based on their training experiences.

The truncated regression results further validate the two-stage adoption process highlighted in
the TAM framework, demonstrating how different factors influence adoption intensity
compared to the initial adoption decision. Agricultural training emerged as significant in both
hurdles, confirming its fundamental role in shaping both perceived usefulness and ease of use
throughout the entire adoption process. The negative effect of farming experience on adoption
intensity suggests that experienced farmers, despite recognizing the potential usefulness of
CSAPs (evidenced by their initial adoption), may perceive greater implementation challenges
for multiple practices simultaneously, affecting their assessment of ease of use. Similarly, the
negative impact of farm distance on adoption intensity indicates that spatial constraints create
practical implementation barriers that directly influence perceived ease of use for multiple
practices. The marginally significant positive effect of age and negative effect of family size
on adoption intensity further illustrate how household characteristics differentially influence
the intensity decision compared to the initial adoption choice. These findings support Antwi-
Agyei and Stringer's (2021) observation that the adoption process unfolds in distinct stages,
with farmers carefully weighing benefits against perceived risks and implementation
challenges at each phase. The results confirm that the TAM provides a robust theoretical

foundation for understanding not only the binary adoption decision but also the more nuanced
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intensity of adoption, highlighting the multifaceted decision-making journey described in the

theoretical framework.

4.7 Conclusion and recommendations

This study examined CSAPs adoption determinants among smallholder maize farmers in KZN
using a double-hurdle approach. Results reveal that 47.1% of farmers adopted at least one
CSAP, with drought-tolerant varieties (37.3%) and rainwater harvesting (34.9%) being most
prevalent. The first hurdle (probit model) identified seven significant adoption determinants:
marital status, education, household income, access to climate information, credit access, and
agricultural training (all positive), and age (negative). The second hurdle (truncated regression)
showed that agricultural training (positive), age (positive), family size, farming experience, and
distance to farm (all negative) significantly influence adoption intensity. Agricultural training
emerged as the only factor significant in both hurdles, highlighting its critical importance
throughout the adoption process. The contrasting factors affecting each stage validate the TAM
framework and underscore CSAP adoption complexity as a multi-stage decision process.
Socioeconomic factors and institutional support drive initial adoption, while practical
constraints like farm distance and established farming practices limit adoption intensity among

existing adopters.

Based on these findings, several targeted recommendations are proposed to enhance CSAP
adoption and intensity among smallholder maize farmers. Comprehensive agricultural training
programs should be developed featuring practical demonstrations, farmer field schools, and
peer-learning opportunities, while financial institutions and government agencies should
design accessible credit products with flexible repayment terms aligned with harvest cycles.
Extension services should strengthen climate information delivery through mobile platforms,
community radio, and farmer groups, presenting information in accessible formats for farmers
with varying education levels. Spatially-targeted interventions should be implemented for
distant farms through community equipment-sharing and mobile extension services to reduce
transaction costs. Age-appropriate strategies should combine youth engagement programs with
risk-reduction approaches for older farmers through demonstration plots and peer testimonials.
Additionally, extension approaches should promote complementary CSAPs packages rather
than single practices, providing sequencing guidance for resource-constrained farmers while
bridging the knowledge-implementation gap through participatory approaches that address

practical barriers beyond information provision. These multi-faceted recommendations address
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both initial adoption barriers and intensity constraints, ultimately contributing to enhanced food

security and agricultural sustainability under climate change.
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CHAPTER 5

The Economic Benefits and Efficiency of Climate-Smart Agricultural Practices
Adoption by Smallholder Maize Farmers in KwaZulu-Natal Province, South Africa.

Abstract

Climate change poses escalating threats to agricultural productivity and food security globally,
with smallholder farmers in developing regions particularly vulnerable due to limited adaptive
capacity and resource constraints. Despite the documented advantages of Climate-Smart
Agricultural Practices (CSAPs) to enhance productivity and resilience, adoption rates among
smallholder maize farmers in South Africa remain suboptimal, creating a significant gap
between potential and realized economic benefits. Limited empirical evidence exists on the
actual economic returns and production efficiency gains from CSAPs adoption, hindering
informed decision-making by farmers, policymakers, and financial institutions regarding
investment in CSAPs. This study examined the economic benefits and efficiency of CSAPs
adoption among smallholder maize farmers in KwaZulu-Natal Province, South Africa. The
Production Theory served as the theoretical framework, using cross-sectional data from 378
farmers. Gross Margin Analysis and Stochastic Production Function were employed to measure
both immediate economic returns and production efficiency gains associated with CSAPs. Four
specific CSAPs were evaluated: drought-tolerant maize varieties, rainwater harvesting
systems, maize-legume intercropping, and crop diversification. Results revealed a moderate
47.1% adoption rate among smallholder maize farmers in the study area, with drought-tolerant
maize varieties being the most widely adopted practice (37.3%). Economic impact analysis
demonstrated substantial benefits from CSAP adoption, with adopters experiencing an average
gross margin improvement of ZAR 1,012 per season, representing a substantial 45.7% increase
from pre-adoption levels. Key determinants of economic benefits included education level,
household income, and credit access, with credit access showing the largest magnitude effect
(ZAR 649.14 higher benefits for farmers with credit access). The Stochastic Production
Function analysis reveals significant improvements in technical efficiency from 68.5% to
85.2% following CSAPs adoption, with household income, education, credit access, extension
services, training access, and climate information significantly increasing technical efficiency.
Conversely, age, household size, and farming experience were positively associated with
technical inefficiency, indicating that older farmers and those with larger households face

greater challenges in optimizing CSAPs. Cost efficiency distribution analysis showed
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improvements in farmer performance, with the proportion of farmers achieving less than 50%
cost efficiency declining from 28.65% to 19.2% following CSAP adoption, while mean cost
efficiency improved from 61.2% to 68.5%. These empirical findings strongly aligned with
Production Theory's fundamental assumptions about rational farmer behaviour and profit
maximization under resource constraints. Policy recommendations include enhanced
educational and training programs focusing on practical demonstrations, accessible agricultural
credit products with flexible repayment terms, and strengthened extension services providing
comprehensive technical support. Additionally, targeted interventions should address
institutional barriers particularly affecting female farmers who constitute 63% of agricultural

decision-makers in the study area.

Keywords: Climate-smart agriculture, Economic Benefits, Technical Efficiency, Smallholder
Farmers, Maize Production, KwaZulu-Natal.

5.1 Introduction

Agriculture serves as the economic foundation for numerous countries across Sub-Saharan
Africa (SSA), playing a vital role in employment generation, livelihood sustenance, and food
security provision (Wudil et al., 2022). As of 2021, 52% of employed people in SSA work in
agriculture, with employment in the sector having declined from approximately 61.7% in 2000
to 52.3% in 2020 (United Nations Conference on Trade and Development [UNCTAD], 2022).
The majority (82%) of those in extreme poverty live in rural areas, and more than three-quarters
(76%) of working adults in extreme poverty are employed in agriculture (Ritchie, 2022).
Approximately 60% of the regional population relies directly on smallholder farming systems
for both subsistence and income generation (Food and Agriculture Organization [FAO], 2022).
Maize stands as a critically important staple food crop among the region's agricultural
commodities, representing nearly 50% of total cereal production and constituting the primary
caloric source for millions of people. Nevertheless, maize cultivation in SSA faces significant
threats from climate variability and extreme weather events, including droughts, floods, and
unpredictable rainfall patterns (Du and Xiong, 2024). These climatic disruptions not only
diminish agricultural yields but also intensify poverty levels and food insecurity, particularly
among smallholder farmers who possess limited adaptive capacity to respond to rapidly
evolving climatic conditions. The agricultural sector confronts a complex challenge:
experiencing vulnerability to climate change impacts while simultaneously contributing
substantially to greenhouse gas emissions (OECD, 2016; Smith et al., 2008). Climate change

adverse effects pose serious threats to agricultural productivity, food security, and rural
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livelihoods globally, with particularly severe impacts in developing regions characterized by

rain-fed agricultural systems (FAO, 2018; Kassie et al., 2013).

In South Africa, maize represents the most extensively cultivated crop and serves as the
foundation of national food security (Mdoda et al., 2025). Annual maize production in the
country ranges from approximately 12-16 million tons, with smallholder farmers contributing
a substantial 4.4% share of total cultivation, concentrated primarily in rural regions (Oduniyi
et al., 2022). This farming segment encompasses more than 2.9 million smallholder households
that experience disproportionate impacts from climate-related stressors (Sinyolo et al., 2021).
Climate change economic consequences are increasingly apparent, evidenced by temperature
rises of 1.5-2.0°C documented over four decades and recurring drought events causing
considerable economic damage (Statistics South Africa, 2019). The devastating 2015-2016 El
Nino-induced drought resulted in a 30% reduction in maize production, generating estimated

economic losses of ZAR 7.2 billion in agricultural output (Ngcamu and Chari, 2022).

KZN Province exemplifies these economic challenges, experiencing especially severe climate
variability with substantial financial consequences for smallholder farming communities.
Temperature increases of 1.8°C have been recorded since 1960, coupled with a 15% reduction
in annual rainfall patterns (Mthethwa et al., 2022). These climatic changes have generated
estimated agricultural losses totalling ZAR 2.8 billion during 2010-2020, with maize
production experiencing an average annual decline of 12%, directly affecting farmers' income
levels and household economic stability (Kumar et al., 2022). Additionally, KZN confronts
significant poverty and food insecurity challenges, with approximately 65.3% of households
experiencing food insecurity, establishing a destructive cycle whereby climate impacts
diminish agricultural income, thereby restricting farmers' investment capacity in adaptive
measures (Aderaw et al., 2017). Mid-century projections indicate potential yield reductions of
15-30%, threatening to decrease smallholder farmers' agricultural income by ZAR 3,500-6,000
per household annually (Mangani et al., 2019).

To address these economic and environmental challenges, Climate-Smart Agriculture (CSA)
has gained prominence as a strategic framework for transforming agricultural systems. CSA
promotes practices that increase productivity and incomes sustainably, strengthen farmers'
resilience to climate-related shocks, and reduce agriculture's carbon footprint (FAO, 2018;
Lipper et al., 2014). For maize farmers, Climate-Smart Agricultural Practices (CSAPs)

encompass interventions such as conservation agriculture, crop diversification, drought-
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tolerant varieties, and rainwater harvesting (Mahama et al., 2020). These practices have
demonstrated significant potential to enhance yield stability, reduce risk exposure, and improve
economic outcomes. Research indicates that drought-tolerant maize varieties can reduce yield
losses by 20-30% during drought years, while conservation agriculture practices can improve
soil water retention by 15-25% and reduce input costs by up to 30% (Zougmore et al., 2018).
Economic analyses demonstrate that CSAPs can simultaneously address climate adaptation and
income generation objectives, making them particularly valuable for smallholder farmers

facing multiple economic and climate-related risks (Kurgat et al., 2020; Wekesa et al., 2018).

Despite this economic promise, CSAP adoption by smallholder maize farmers remains
suboptimal across South Africa, with adoption rates typically ranging between 15-45% across
different provinces (Abegunde et al.,, 2019). Many farmers are either unaware of these
practices, lack financial means for implementation, or are uncertain about economic returns,
creating a significant gap between potential and realized economic benefits. Understanding the
economic benefits and efficiency gains from CSAP adoption is crucial for informing policy
decisions, extension programs, and financial service provision that can enhance smallholder
farmers' livelihoods and agricultural sustainability. Previous research on CSAP economic
impacts has primarily focused on specific practices in isolation without comprehensively
examining the economic benefits and efficiency gains of integrated CSAP adoption (Abegunde
et al., 2019). Furthermore, there is limited understanding of factors determining the magnitude
of economic benefits and efficiency gains from CSAP adoption among smallholder maize
farmers. The economic returns from CSAPs are influenced by numerous factors, including
farmer characteristics, resource endowments, market access, and institutional support, yet
comprehensive analyses examining both economic benefits and production efficiency are

scarce (Musafiri., 2020).

This study aims to measure the economic benefits and efficiency of CSAP adoption among
smallholder maize farmers in KZN Province. This research seeks to generate insights for more
effective policies promoting economically viable CSAPs through comprehensive economic
analysis. Specifically, the research seeks to: (i) measure the direct economic benefits of CSAP
adoption through comprehensive gross margin analysis; (i1) evaluate the technical efficiency
gains from CSAP adoption using stochastic production function analysis; and (ii1) identify the
determinants of economic benefits and efficiency improvements from CSAP adoption. The
findings will contribute to the growing literature on CSAP economic impacts while providing

practical recommendations for policymakers, financial institutions, and extension services.
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Ultimately, the study will enhance economic returns, production efficiency, and sustainable
development in South Africa's smallholder agricultural sector, informing investment decisions
and policy interventions for more economically viable and climate-resilient farming systems

in KZN and beyond.

5.2 Production Theory for measuring economic benefits of climate-smart agricultural
practices by smallholder maize farmers

This study is anchored in Production Theory, which provides a robust theoretical framework
for analysing how farmers make production decisions to maximize output and profits while
minimizing costs under resource constraints and environmental uncertainties. Production
Theory is particularly suitable for measuring the economic benefits and efficiency of CSAP
adoption because it recognizes that farmers operate as rational economic agents seeking to
optimize their production outcomes within available resources, technology, and market
constraints (Zheng et al., 2024). According to Production Theory, farmers combine various
inputs (land, labour, capital, and technology) to produce outputs, with the primary objective of
maximizing profits subject to production possibilities and market constraints (Badarch, 2024).
CSAPs represent technological innovations that can shift the production function, enabling
farmers to achieve higher outputs with the same inputs or maintain output levels with fewer
inputs, thereby improving both productivity and technical efficiency (Ma and Rahut, 2024).
This theoretical foundation directly supports the dual analytical approach employed in this
study, combining Gross Margin Analysis for measuring economic benefits and Stochastic

Production Function for evaluating efficiency gains.

The core of Production Theory lies in the production function relationship, expressed as Y =
Y = f(X1, X, ..., X), where Y represents agricultural output and X represents various inputs.
Recent studies demonstrate that CSAPs can be modelled as technology shifters in this
production function (Badarch, 2024). CSAPs adoption fundamentally alters this relationship
by improving input utilization efficiency and potentially shifting the entire production frontier
outward. Farmers are assumed to maximize profits (r) accordington = PY — X,,;X;, where
P represents output price and W;represents input prices. This framework directly justifies the
use of Gross Margin Analysis, as it captures the fundamental economic decision-making
process of smallholder farmers who must balance revenue generation against variable cost
management. The theory posits that rational farmers will adopt CSAPs if the expected increase

in profits from adoption exceeds implementation costs and associated risks.
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Production Theory encompasses technical efficiency, which measures how effectively farmers
convert inputs into outputs relative to best possible performance. Empirical evidence
demonstrates that CSAPs significantly improve technical efficiency by enhancing resource
utilization and reducing production risks (Yu et al., 2020). This component directly supports
the use of Stochastic Production Function analysis, which decomposes total productivity into
efficient and inefficient components while accounting for random variations beyond farmers'
control. The theory recognizes that CSAP adoption can enhance production through input-
augmenting effects (making existing inputs more productive), input-saving effects (reducing
input quantities needed), and risk-reducing effects (stabilizing production outcomes).
Comprehensive reviews confirm that CSAPs enhances farm productivity and incomes through
increasing crop yields, improving technical efficiency, and optimizing resource use (Zheng et
al., 2024). Production Theory thus provides a comprehensive theoretical foundation that unifies
economic benefits measurement and efficiency assessment approaches, enabling thorough
evaluation of how CSAPs impact smallholder maize farmers' economic performance and

production optimization.

5.3 Materials and methods
5.3.1 Description and study area selection

As previously mentioned in chapter three of this thesis, the study was conducted in KwaZulu-
Natal Province, South Africa, specifically focusing on Harry Gwala District Municipality
(HGDM) and Ugu District Municipality (UDM). For a detailed description of the study area
characteristics, agro-ecological conditions, climate vulnerabilities, and the selection process
rationale, please refer to chapter three, Section 3.3.1.

5.3.2 Research Design

A cross-sectional research design with a mixed-methods approach was utilized to gather
comprehensive data on CSAP adoption patterns and their economic benefits and efficiency
among smallholder maize farmers. For a detailed explanation of the design choice and its

theoretical justification, please refer to chapter three, Section 3.3.1.

5.3.3 Sampling technique and data collection

The results presented here are based on a sample of 378 smallholder maize farmers from both
HGDM and UDM, selected through a multi-stage sampling procedure to ensure
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representativeness across the two contrasting agro-ecological zones. Data was collected
through structured questionnaires administered via face-to-face interviews, translated into
isiZulu where necessary, to ensure clarity and gather detailed information on farmers'
demographic and socioeconomic characteristics, farm characteristics, institutional factors, and
detailed economic data including production costs, yields, revenues, and input usage. A pre-
testing phase with 38 respondents tested the questionnaire's validity and reliability but was
excluded from the final analysis to maintain research integrity. The surveys captured
comprehensive information on CSAPs adoption patterns, economic performance indicators,
production efficiency measures, and factors influencing both adoption decisions and economic
outcomes among smallholder farmers. Refer to Chapter Three (Sections 3.3.2 and 3.3.3) for
detailed information on the sampling methodology, sample size calculation, and data collection
procedures for this study.

5.3.4 Descriptive statistics

Descriptive statistics were employed to characterize smallholder maize farmers' demographic
and socioeconomic profiles. The descriptive analysis encompassed frequency distributions
(percentages) and measures of central tendency (means, ranges, and standard deviations). The
data were presented through tables and figures to provide a clear visual representation of the
findings. This approach was particularly important as study by Autio et al. (2021) and Ojoko
et al. (2017) indicated that many smallholder farmers unconsciously practice CSA as part of
their traditional farming systems. Therefore, it was critical to identify and assess the frequency
of farmers using specific CSAPs such as drought-tolerant maize varieties, maize-legume
intercropping, rainwater harvesting, and crop diversification. The descriptive statistics

provided the key socioeconomic characteristics of sampled smallholder farmers.

5.4 Gross Margin analysis and stochastic production function
5.4.1 Gross Margin Analysis

Gross Margin Analysis served as the primary tool for quantifying the direct economic benefits
of CSAP adoption among smallholder maize farmers. This method was particularly well-suited
for measuring farm-level profitability because it focused on the relationship between revenue
generation and variable cost management, which are central concerns for resource-constrained
smallholder farmers. Recent empirical evidence has shown that Gross Margin Analysis

effectively distinguishes between profitable and less profitable farming systems, with studies
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demonstrating significantly higher gross margin values for improved agricultural systems
compared to conventional systems (Kemboi et al., 2020). The approach provided clear,
interpretable measures of the financial returns to CSAP investment by comparing total revenue
against variable production costs, enabling straightforward economic comparisons between

CSAP adopters and non-adopters.
The gross margin was calculated using the following specification:
GM =TR-TVC

Where GM represents the gross margin in Rands per hectare, TR denotes total revenue from
maize production in Rands, and TVC represents total variable costs of production in Rands. To
assess the economic impact of CSAP adoption, the difference in gross margins between

adopters and non-adopters was calculated as:

GMdiff = GMadopters - GMnon—adopters

To examine the determinants of economic benefits from CSAP adoption, a linear regression

model was specified as:
GMi = BO + BlCSAPl + Zf:Zﬁ]XJl + &

Where GM; represents the gross margin in Rands for the i-th farmer, CSAP; is a dummy variable
equal to 1 if the farmer adopted CSAPs and 0 otherwise, Xjrepresents a vector of
socioeconomic and farm characteristics, including age, education, farming experience,
household monthly income, farm size, and access to institutional services, Sy, b1, ..., Br are
parameters to be estimated, and ¢; is the error term assumed to be independently and identically

distributed with zero mean and constant variance.

5.4.2 Stochastic Production Function Analysis

The Stochastic Production Function provided a sophisticated framework for measuring the
production efficiency gains from CSAP adoption. This approach was particularly appropriate
for agricultural efficiency analysis because it explicitly accounted for random shocks and
measurement errors inherent in farming systems, where production outcomes are influenced
by uncontrollable factors such as weather variability, pest outbreaks, and market fluctuations.
Recent studies have validated the effectiveness of stochastic frontier analysis as a

methodological tool to evaluate the technical efficiency of agricultural production among
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smallholder farmers, with research demonstrating that such approaches provide valuable
insights into farm competitiveness and policy design (Cai et al., 2024; Lutonja, 2023). This
method enabled the decomposition of production performance into systematic efficiency
components and random variations, allowing for precise isolation of the efficiency effects

attributable to CSAP adoption.

The stochastic production frontier model was specified following the approach introduced by

Aigner, Lovell and Schmidt (1977) and Meeusen and van den Broeck (1977):
InY; = po+ X7, BiInX; +V; — U

Where Y; represents the output (maize yield in kg/ha) of the i-th farm, X;; denotes the j-th input
used by the i-th farm including land area, seeds, fertilizer, and labour, B, and g; are parameters
to be estimated, V; is a two-sided random error term that accounts for measurement errors and
random shocks beyond the farmer's control, assumed to be independently and identically
distributed as N(0,0v?), and U;is a one-sided non-negative random variable representing

technical inefficiency, assumed to follow a half-normal distribution N (0, ou?)
Technical efficiency for each farm was calculated as:
TE; = exp(~U))

The technical inefficiency term U;was modeled to examine the factors influencing efficiency

variations among farmers:

Ui = 8y + 8,CSAP; + ¥y, 8 Zy; + W;

Where CSAP;is a dummy variable for CSAP adoption, Z;represents the k-th explanatory
variable for technical inefficiency including farmer characteristics (age, education, farming
experience), farm attributes (farm size, household monthly income), and institutional factors
(access to credit, extension services, agricultural training), &,, 6, ..., 6,, are parameters to be
estimated, and W; is a random error term assumed to be independently distributed as
N(0,ow?).

The variance parameters of the model include 6?2 = ov? + ou?, which measures the total
variation of output from the frontier, and A = ou/ov ,which indicates the relative importance
of technical inefficiency in explaining the total variance. If A approaches zero, then technical

inefficiency effects are not important, and ordinary least squares estimation would be adequate.
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However, if A is significantly different from zero, then technical inefficiency effects are

important, justifying the use of the stochastic frontier approach.

The stochastic frontier model was estimated using maximum likelihood estimation (MLE)
methods implemented in Stata version 18. The log-likelihood function for the model was
specified to jointly estimate the production frontier parameters and the technical inefficiency
effects. Post-estimation diagnostic tests were conducted to ensure the validity of the
distributional assumptions and the significance of the inefficiency effects in the model
specification.

5.5 Description of the explanatory variables used in the Gross Margin Analysis and
Stochastic Production Function models and their expected outcomes

Table 5.1 summarizes the explanatory variables included in the Gross Margin Analysis and
Stochastic Production Function models to assess the economic benefits and efficiency gains of
CSAP adoption among smallholder maize farmers in KZN. The Gross Margin Analysis
measures the direct economic benefits by comparing total revenue against variable production
costs between adopters and non-adopters, while the Stochastic Production Function evaluates
technical efficiency gains from CSAP adoption. These variables are hypothesized to influence
both the decision to adopt CSAPs and the resulting economic performance and production

efficiency among smallholder maize farmers.

Table 5.1 Explanatory variables used in the Gross Margin Analysis and Stochastic
Production Function models to assess economic benefits of climate-smart agriculture
ractices adoption

Expected
Variable Description and measurement (Type) outcome
(*1)

Demographics

Gender Smallholder farmer's gender (female = 0; male = 1) (dummy) +

Age Age of the smallholder farmer in years (continuous) +/-

. Number of years of formal schooling by the smallholder farmer

Education . +

(continuous)
o Number of members in the smallholder farmer's household

Family Size . +
(continuous)

Household Income | Total household income of the smallholder farmer (continuous) +

Employment Status Employme_nt status of the smallholder farmer (unemployed = 0; -
employed = 1) (dummy)

Farm

Characteristics

Farm Size Size of the smallholder farmer's land in hectares (continuous) +

Farming Years Number of years of farming experience by the smallholder +
farmer (continuous)

Maize Area Area under maize cultivation in hectares (continuous) +
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Production V

Maize Yield Maize yield per hectare in kg/ha (continuous) +

Seed Costs Cost of seeds per hectare (continuous) -

Fertilizer Costs Cost of fertilizers per hectare (continuous) +/-

Pesticide Costs Cost of pesticides/herbicides per hectare (continuous) +/-

Labour Costs Cost of hired labour per hectare (continuous) +/-

Equipment Costs Cost of tractor/equipment hire per hectare (continuous) +/-

Transport Costs Cost of transport and storage per hectare (continuous)

CSAP Variables

CSAP Adoption Whether the farmer has adopted any CSAP (no = 0; yes = 1) +
(dummy)

Drought-Tolerant Adoption of drought-tolerant maize varieties (no = 0; yes = 1) +

Varieties (dummy)

Maize-Legume Adoption of maize-legume intercropping (no = 0; yes = 1) +

Intercropping (dummy)

Rainwater Adoption of rainwater harvesting techniques (no = 0; yes = 1) +

Harvesting (dummy)

C(op e Adoption of crop diversification (no = 0; yes = 1) (dummy) +

Diversification ’

CSAP Intensity Number of CSAPs adopted (0-4) (continuous) +

Years of CSAP Use | Number of consecutive seasons using CSAPSs (continuous) +

CSAP Coverage Percentage of farm area under CSAPs (0-100%) (continuous) +

Institutional V

Access to Credit \_Nhether the farmer has access to agricultural credit (no = 0; yes +
= 1) (dummy)

Access to Whether the farmer has access to extension services (no = 0; yes +

Extension Services | = 1) (dummy)

Agricultural Whether the farmer received specialized agricultural training (no +

Training = 0; yes = 1) (dummy)

Economic

Outcome

Variables

Total Revenue Total revenue from maize production (Rand) +

Egﬁ; Variable Total variable costs of production (Rand) -

Gross Margin Total revenue minus total variable costs (Rand) +

Note +/— Depicts the direction of influence on economic benefits (positive/negative)

Gross Margin Analysis: Compares gross margins between CSAP adopters and non-adopters,
Stochastic Production Function: Measures technical efficiency gains from CSAP adoption using yield
as output and inputs (land, seeds, fertilizer, labour, equipment) as explanatory variable

Source: Authors (2025)

5.6 Results and discussion
This section presents findings from 378 smallholder maize farmers in KZN Province. The

results cover demographic profiles, CSAP adoption patterns, economic benefits analysis, and
technical efficiency outcomes. Key findings include gross margin comparisons between

adopters and non-adopters, determinants of economic benefits, and stochastic frontier analysis
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results. Each subsection combines empirical findings with relevant discussion and comparison

to existing literature.

5.6.1 Demographic characteristics of the sampled smallholder maize farmers in
KwaZulu-Natal

The sample distribution reveals a significant gender imbalance, with females constituting the
majority (63%) of respondents compared to males (37%), though this distribution remains
similar between adopters (62% female) and non-adopters (64% female), suggesting that gender
alone does not significantly differentiate adoption behaviour. However, key demographic
differences emerge between the groups across multiple socioeconomic dimensions. Adopters
demonstrate clear advantages in human capital, being younger (mean 49 years vs 54 years) and
more educated (mean 11 vs 9 years of schooling), indicating that age and education play crucial
roles in CSAPs adoption decisions. The age profile indicates a mature farming population with
respondents averaging 52 years (SD=17.04). This middle-aged demographic pattern, combined
with moderate educational attainment, may influence farmers' capacity to comprehend and
implement complex CSAPs. This potentially requires simplified extension approaches and

hands-on demonstration methods rather than text-based information delivery.

Economic vulnerability significantly constrains adoption capacity, with adopters having
substantially higher household incomes (ZAR12,450 vs ZAR9,126) and better employment
opportunities (45% vs 35%), confirming that financial capacity and livelihood diversification
remain critical determinants of CSAP adoption. The household composition shows adopters
maintaining larger households (7 vs 6 members per household), potentially providing enhanced
labour capacity for CSAPs implementation, though this advantage is severely constrained by
extremely limited landholdings (mean 0.01 ha) affecting both groups. Most striking are the
institutional access disparities, where adopters consistently demonstrate superior access across
all support systems. This is particularly evident in agricultural credit access (50% vs 39%),
extension services (42% vs 28%), and training (38% vs 25%). Climate information access
remains relatively high for both groups (76% vs 67%). These findings reveal a profound
knowledge-implementation gap where high CSAPs awareness (80%) exists alongside
significant institutional barriers, particularly affecting the 63% female agricultural decision-
makers who face greater constraints in accessing credit, extension services, and training. The

substantial institutional void, combined with moderate educational attainment and economic
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vulnerability, explains why adoption rates remain moderate (47.1%) despite high awareness

levels.

Socioeconomic and institutional profile comparison: CSAP adopters
versus non-adopters among smallholder maize farmers in kwaZulu-Natal
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Figure 5.1 Demographic and socioeconomic profile comparison between CSAP adopters and
non-adopters among smallholder farmers
Source: Survey data generated through Stata version 18 (2025)

5.6.2 Status of climate-smart agriculture practices adopted by smallholder maize
farmers in KwaZulu-Natal

The adoption status among smallholder maize farmers indicated a moderate level of CSAP
uptake, with 178 farmers (47.1%) having adopted at least one CSAP, while 200 farmers
(52.9%) had not adopted any, reflecting varied adoption patterns across the sample. The 47.1%
adoption rate observed in this study falls squarely within the documented range of 39-53%
reported in comparable studies across developing regions (Aryal et al., 2021;Kurgat et al.,
2020; Amadu et al., 2020; Zeweld et al., 2020; Tesfaye and Tirivayi, 2020). This consistency
across diverse geographical and agricultural contexts strengthens the validity of the current
findings and suggests that the identified adoption patterns reflect fundamental dynamics in
smallholder decision-making regarding CSAPs. The substantial proportion of non-adopters
(52.9%) underscores the critical importance of targeted interventions to address barriers to
adoption, particularly information access (Khataza et al., 2021), financial constraints (Amadu
etal., 2020), and technical knowledge gaps (Aryal et al., 2022; Zeweld et al., 2020). As climate
change impacts intensify, bridging these adoption gaps becomes increasingly urgent for

enhancing agricultural resilience.
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5.6.3 Specific climate-smart agricultural practices adoption patterns and distribution
among smallholder farmers in KwaZulu-Natal

The moderate overall CSAP adoption rate of 47.1% observed in the previous section masks
significant variations in the uptake of specific CSAPs among smallholder maize farmers. Table
5.2 reveals that adoption rates vary considerably across the four evaluated CSAPs, ranging
from 22.0% for crop diversification to 37.3% for drought-tolerant maize varieties. Drought-
tolerant maize varieties emerged as the most widely adopted practice (37.3%), reflecting
universal recognition of drought risks and relatively straightforward implementation that
requires minimal changes to existing farming systems (Abegunde et al., 2019). Rainwater
harvesting achieved the second-highest adoption rate (35.2%), indicating farmers' growing
awareness of water scarcity challenges and the economic benefits of supplemental irrigation,
supporting findings by Wekesa et al. (2018) that water management practices provide

measurable improvements in yield stability among smallholder farmers.

Maize-legume intercropping showed moderate adoption (30.4%), reflecting both the technical
complexity of managing multiple crops simultaneously and the substantial benefits of nitrogen
fixation and risk diversification, comparable to findings by Kassie et al. (2013) in Tanzania
where intercropping systems required higher technical knowledge despite proven soil fertility
benefits. Crop diversification recorded the lowest adoption rate (22.0%), highlighting
substantial barriers associated with market access and technical knowledge requirements,
aligning with research by Amadu et al. (2020) who found that crop diversification faced the
greatest adoption constraints due to market uncertainties and increased management
complexity. The substantial proportion of non-adopters across all practices (ranging from
62.7% to 78.0%) underscores persistent barriers to CSAP uptake and represents significant
unrealized potential for improving agricultural productivity, climate resilience, and economic

outcomes among smallholder maize farmers in KZN.
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Table 5.2 Climate-smart agricultural practices adoption rates among smallholder maize
farmers in KwaZulu-Natal

Climate-Smart , o

Agricultural Practice Adopters (n) Adoption Rate (%0) Non-adopters (n)
Drought-tolerant 141 37.3 237
malze varieties

Maize-legume 115 30.4 263
intercropping

Rainwater harvesting 133 35.2 245
Crop diversification 83 22.0 295
Overall CSAP 178 47.1 200
adoption

Note Total sample = 378 farmers. Individual practice adoption rates are calculated from the 378 total
farmers, while overall adoption represents farmers who adopted at least one CSAP.

Source: Survey data generated through Stata version 18 (2025)

5.6.4 Economic benefits of climate-smart agricultural practices adoption

The gross margin budget analysis (Table 5.3) demonstrates substantial economic benefits from
CSAP adoption, with adopters achieving a substantial 45.7% increase in gross margins from
ZAR 2,213 to ZAR 3,224 per season. This improvement was driven primarily by enhanced
productivity (22.6% yield increase), and improved market access (10.5% price increase), while
variable costs increased modestly by only 15.3%. These findings align with recent
comprehensive reviews demonstrating that CSAPs improve farm productivity and incomes
through increasing crop yields and productivity, income and profitability, and technical and
resource use efficiency (Zheng et al., 2024). The substantial improvement in gross margins
reflects the productivity benefits of climate-smart practices, supporting evidence from South
Africa where conservation agriculture adoption by smallholder maize farmers demonstrated
significant welfare impacts through improved farm productivity and income generation
(Oduniyi et al., 2022).

The efficiency indicators reveal exceptional resource optimization, with the return ratio on
variable costs improving from 1.96:1 to 2.48:1, meaning every rand invested in variable inputs
generated ZAR 2.48 in gross margin returns after CSAP adoption. This superior performance
is consistent with recent evidence from SSA demonstrating that CSAP adoption by smallholder
farmers delivers significant welfare impacts through enhanced resource utilization and
improved livelihood outcomes (Ahmed et al., 2024). The improved variable cost ratio (from
33.7% to 28.7%) indicates enhanced resource efficiency, supporting findings from Ethiopia
where CSAPs improve the use of agricultural resources through combined management of soil,

water, and biological resources, ultimately leading to increased crop yields and minimized risk
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of crop failure (Gebeyehu, 2023). Recent studies across developing countries confirm that
smallholder farmers implementing sustainable CSAPs achieve higher yields, incomes, and
improved environmental performance, which is crucial for ensuring food security and
sustainable development (Yin et al., 2024). These results provide compelling empirical
evidence that CSAP adoption delivers measurable economic benefits through improved

productivity and resource efficiency among smallholder maize farmers.

Table 5.3 Gross Margin Budget for smallholder maize farmers — before and after climate-smart

agricultural practices adoption (ZAR per season)

Item Before CSAP After CSAP Change
GROSS INCOME

Maize yield (kg) 146.33 179.47 +33.14
Price per kg (ZAR) 22.81 25.20 +2.39
Total Gross Income 3,338.52 4,522.64 +1,184.12
VARIABLE COSTS

Seeds 140.57 221.80 +81.23
Fertilizers 170.55 197.96 +27.41
Pesticides/herbicides 37.40 51.53 +14.13
Hired labour 116.46 126.97 +10.51
Equipment hire 323.58 340.36 +16.78
Transport 337.12 359.55 +22.43
Total Variable Costs 1,125.68 1,298.17 +172.49
GROSS MARGIN

CALCULATION

Total Gross Income 3,338.52 4,522.64 +1,184.12
Less: Variable Costs (1,125.68) (1,298.17) (+172.49)
GROSS MARGIN 2,212.84 3,224.47 +1,011.63
PROFITABILITY

RATIOS

Gross margin per kg 15.12 17.97 +2.85
(ZAR)

Variable cost ratio (%) 33.7% 28.7% -5.0%
Return on variable 196.5% 248.4% +51.9%
costs (%)

Notes Gross Margin = Gross Income — Variable Costs; Before CSAP = Season prior to adopting CSAP;
After CSAP = Most recent season following CSAP adoption

Source: Survey data (2025)
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5.6.5 Determinants of economic benefits from climate-smart agricultural practices
adoption

The regression analysis (Table 5.4) employs two complementary econometric models to
examine the determinants of economic benefits from CSAP adoption among smallholder maize
farmers. Model 1 (Impact Model) analyzes the change in gross margins following CSAP
adoption, measuring how farmer characteristics influence the magnitude of economic benefits
realized from the transition to climate-smart practices. Model 2 (Post-Adoption Model)
examines absolute post-adoption gross margin performance while controlling for baseline
productivity through the inclusion of pre-adoption gross margins, enabling assessment of
factors that determine overall economic success following CSAP implementation. Both models
use robust standard errors and focus exclusively on CSAP adopters to examine heterogeneous
treatment effects among farmers who have implemented CSAPSs, providing insights into why
some adopters achieve greater economic benefits than others.

Before estimating the linear regression model for the determinants of economic benefits from
CSAP adoption, diagnostic tests were conducted to ensure that the assumptions of the classical
linear regression model were satisfied. The degree of multicollinearity among the explanatory
variables was examined using the Variance Inflation Factor (VIF). The results indicated that
all VIF values were well below the threshold value of 10, with a mean VIF of 1.84, suggesting
that multicollinearity was not a serious concern in the model. Furthermore, the Breusch—
Pagan/Cook—Weisberg test was employed to assess the presence of heteroscedasticity. The test
yielded a Chi-square statistic of 2.37 with a p-value of 0.124, indicating that the null hypothesis
of homoscedasticity could not be rejected. This implies that the error terms exhibited constant
variance across observations. Therefore, the model residuals satisfied the assumptions of the
linear regression framework, ensuring that the estimated coefficients and standard errors were

efficient and reliable for statistical inference.

170



Table 5.4 Determinants of economic benefits from climate-smart agricultural practices

adoption

Variable Impact Post-

Model Adoption

Model
Margin After
Change Gross
Margin

Coeff. t-value p-value Coeff. t-value p-value
Demographic
Characteristics
Age 4.305 0.30 0.763 3.933 0.28 0.778
Education 27.771 2.40 0.018** 25.425 2.11 0.036**
(years)
Family Size -8.451 -0.22 0.824 -6.654 -0.17 0.862
Male (1=yes) -453.180 -1.30 0.197 -472.407 -1.35 0.179
Economic
Characteristics
Household 0.049 1.69 0.093* 0.053 1.72 0.087*
Income (ZAR)
Farm
Characteristics
Farm Size (ha) 2,229.687 1.37 0.173 2,407.481 1.19 0.234
Farming Years 8.863 0.49 0.624 9.641 0.54 0.589
Institutional
Access
Credit Access | 649.140 2.85 0.005*** 615.442 2.67 0.009***
(1=yes)
Extension 402.216 2.27 0.025** 388.654 2.11 0.036**
Access (1=yes)
Training Access | 288.412 1.67 0.097* 265.008 1.69 0.094*
(1=yes)
Climate  Info | -315.883 -2.14 0.034** 292.473 2.09 0.039**
(1=yes)
Baseline
Performance
Before Gross - - - 0.962 5.81 0.000***
Margin
Constant 1,160.280 1.59 0.113 1,224.598 1.53 0.127
Model
Statistics
Observations 178 178
R-squared 0.238 0.638
Adjusted R- 0.192 0.612
squared
F-statistic 5.22 10.20
Prob > F 0.000*** 0.000***
Root MSE 1,876.2 2,146.4

Note *, **, & *** show statistical significance at the 10%, 5% and 1% levels, respectively. Model 1:
Dependent variable = Change in Gross Margin (After - Before); Model 2: Dependent variable = After
Gross Margin (ZAR)

Source: Survey data generated through Stata version 18 (2025)
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Education emerges as a significant determinant of CSAP economic benefits in both models,
with each additional year of formal schooling associated with ZAR 27.77 higher benefits
(significant at the 5% level) in the impact model and ZAR 25.43 (significant at the 5% level)
in the post-adoption model. This finding indicates that more educated farmers extract greater
economic value from CSAP implementation, demonstrating that education enhances farmers'
ability to effectively implement and optimize CSAPs, resulting in measurably higher financial
returns. This result aligns with extensive literature on agricultural productivity, where Singh et
al. (2018) found that education enables farmers to follow written instructions about input
application and enhances their capacity to calculate costs and benefits of adopting farming
technologies. Recent research by Asante et al. (2024) corroborates these findings,
demonstrating that digital advisory services significantly increase the adoption of CSAPs
among educated maize farmers in Ghana, with education being a key determinant of CSAPs
uptake and subsequent economic benefits. Household income demonstrates significant
positive effects in both models (significant at the 10% level), with each additional ZAR 1,000
in household income associated with approximately ZAR 50 higher CSAP benefits. This
suggests that farmers with greater financial resources can make complementary investments
that enhance CSAP effectiveness, such as improved inputs or equipment that amplify the
benefits of CSAPs. The post-adoption model reveals an extremely strong persistence effect,
with baseline gross margin showing a coefficient of 0.962 (significant at the 1% level). This
near-unity coefficient indicates that pre-adoption productivity is the strongest predictor of post-
adoption success, with farmers maintaining approximately 96% of their relative performance
ranking following CSAP adoption, demonstrating strong path dependence in agricultural
productivity. Peprah et al. (2021) found that financial inclusion significantly improves
productivity among smallholder farmers in Ghana, with wealthier farmers better positioned to

leverage credit and savings to optimize input use and timing of agricultural investments.

Extension access emerges as a highly significant institutional determinant, with farmers having
access to extension services experiencing ZAR 402.22 higher benefits (significant at the 5%
level) in the impact model and ZAR 388.65 higher benefits (significant at the 5% level) in the
post-adoption model. This substantial positive effect demonstrates that extension services play
a crucial role in enabling farmers to maximize CSAP economic returns through technical
guidance and implementation support. This finding strongly aligns with recent evidence from
Kenya, where Wekesa et al. (2022) demonstrated that extension services significantly

improved the economic performance of CSAPs. Credit access emerges as the most significant
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institutional factor, with farmers having access to agricultural credit experiencing ZAR 649.14
higher benefits (significant at the 1% level) in the impact model and ZAR 615.44 higher
benefits (significant at the 1% level) in the post-adoption model. This represents the largest
magnitude effect among all significant variables, indicating that financial services play a
critical role in enabling farmers to maximize CSAP economic returns. Credit access likely
allows farmers to purchase optimal input combinations and make necessary investments that
enhance the effectiveness of CSAPs. This aligns with findings from Nigeria showing that
agricultural credit constraints represent a key barrier to adoption of modern agricultural
technologies, with inadequate access to credit sources limiting smallholders' ability to purchase

improved seeds, fertilizers, and mechanization equipment (Balana and Oyeyemi, 2022).

Training access demonstrates significant positive effects, with farmers receiving specialized
agricultural training experiencing ZAR 288.41 higher benefits (significant at the 10% level) in
the impact model and ZAR 265.01 higher benefits (significant at the 10% level) in the post-
adoption model. This indicates that formal training programs enhance farmers' technical
competencies, enabling more effective CSAP utilization that translates into measurable
economic gains. Recent research by Asante et al. (2024) supports these findings, demonstrating
that specialized training significantly enhanced CSAP economic outcomes among maize
farmers. Climate information access shows contrasting effects between models, with a negative
coefficient in the impact model (ZAR -315.88, significant at the 5% level) but positive effects
in the post-adoption model (ZAR 292.47, significant at the 5% level). This apparent
contradiction reflects that climate-informed farmers make more strategic but initially expensive
CSAP investments based on weather forecasts, resulting in higher upfront costs that
temporarily reduce net benefits. However, these informed investments prove economically
superior over time as climate information enables better timing, variety selection, and practice
implementation matched to anticipated conditions. This pattern aligns with findings by Naicker
etal. (2025), who noted that climate information access influences adaptation strategy selection
and timing, with initial investment costs potentially reducing immediate returns while

enhancing long-term profitability among farmers.
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5.7 Technical and cost efficiency analysis of climate-smart agricultural practices
adoption among smallholder maize farmers

Table 5.5 presents the results of the stochastic frontier analysis, highlighting both production
elasticities and the determinants of technical inefficiency before and after CSAP adoption. The
findings reveal a significant improvement in mean technical efficiency, rising from 68.5% in
the baseline period to 85.2% after adoption. All key production inputs (seeds, fertilizer, labour,
and equipment) became more productive post-adoption, with fertilizer showing the largest gain
in elasticity (from 0.142 to 0.345). In the inefficiency model, variables such as education,
household income, credit access, extension services, training, and climate information
consistently reduced inefficiency in both periods, confirming their role in enhancing efficiency.
In contrast, age, household size, and farming experience were positively associated with
inefficiency, indicating that older, larger, or more traditional households may face greater
challenges in optimizing CSAPs. Marital status was found to be statistically insignificant,

suggesting no measurable effect on technical efficiency.

Table 5.5 Stochastic frontier analysis of production elasticities and technical inefficiency
determinants among farmers before and after adopting climate-smart agricultural practice

yes)

Variable Baseline Post-Adoption

(Before CSAP (After CSAP

Adoption) Adoption)

Coefficient z- p-value Coefficient z- p-value

value value

Production
Function Inputs
Seeds 0.185 2.34 0.019** 0.234 3.12 | 0.002***
Fertilizer 0.142 1.89 0.059* 0.345 456 | 0.000***
Labour 0.298 3.45 | 0.001*** 0.156 2.89 | 0.004***
Equipment 0.167 2.12 0.034** 0.289 3.78 | 0.000***
Inefficiency
Determinants
Age 0.025 3.24 | 0.001*** 0.018 2.34 | 0.019**
Education -0.055 -4.12 | 0.000*** -0.032 -3.45 | 0.001***
(years)
Household Size 0.042 2.15 0.032** 0.028 2.12 | 0.034**
Farming Years 0.031 2.21 0.027** 0.024 1.89 | 0.059*
Household -0.000045 -2.89 | 0.004*** -0.000038 -2.67 | 0.008***
Income
Credit Access (1 -0.284 -3.45 | 0.001*** -0.198 -2.98 | 0.003***
= yes)
Extension -0.218 -2.98 | 0.003*** -0.167 -2.56 | 0.010**
Access (1 = yes)
Training Access -0.187 -2.43 0.015** -0.145 -2.23 | 0.026**
(1 =yes)
Climate Info (1 = -0.176 -2.09 0.037** -0.134 -1.98 | 0.048**
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Marital Status (1 0.042 1.02 0.307 0.036 0.89 0.374

= married)

Constant 2.856/1.534 | 4.67/ | 0.000*** / 1.967/0.987 | 3.45 /| 0.001*** /
3.78 0.000*** 2.34 0.019**

Model

Diagnostics

Observations 178 178

Log-likelihood -156.34 -134.67

Wald »2 89.45 0.000*** 124.78 0.000***

Efficiency

Parameters

GV 0.245 0.198

cu 0.398 0.289

Ao u/oc v) 1.624 0.000*** 1.459 0.000***

Technical

Efficiency

Scores

Mean TE Score 0.685 0.852

Std. Deviation 0.156 0.098

Minimum TE 0.289 0.534

Maximum TE 0.912 0.967

Note *, **, & *** show statistical significance at the 10%, 5% and 1% levels, respectively. Negative
coefficients in the inefficiency model reduce inefficiency (i.e., increase technical efficiency). Positive
coefficients increase inefficiency, meaning reduced efficiency.

Source: Survey data generated through Stata version 18 (2025)

In both periods, all four production inputs (seeds, fertilizer, labour, and equipment) were
statistically significant, underscoring their central role in maize production. Notably, the
productivity of these inputs improved following CSAP adoption. Fertilizer exhibited the most
pronounced increase in elasticity, rising from 0.142 (p < 0.1) to 0.345 (p < 0.01), suggesting
that CSAPs enhance the efficiency of nutrient use, likely through improved soil health and
conservation practices. Similarly, seed input became more productive (from 0.185 to 0.234),
consistent with the promotion of drought-tolerant maize varieties and improved seed systems.
These results affirm that CSAPs not only contribute to higher yields but also increase the
marginal productivity of key inputs. This finding aligns with Ngango and Hong (2022), who
demonstrated that improved agricultural practices significantly enhanced input productivity,

with maize output improving by approximately 36% through better input use efficiency.

In the inefficiency model, several variables consistently and significantly reduced technical
inefficiency. Education had a strong negative effect (p < 0.01) in both periods, indicating that
better-educated farmers were more efficient, likely due to enhanced cognitive ability,
information processing, and adoption of improved practices. This was supported by Ullah et
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al. (2020), who reported that farmers with higher education levels showed significantly better
access to information and improved adoption of agricultural technologies in Pakistan.
Similarly, credit access significantly reduced inefficiency, with a stronger effect observed
before CSAP adoption. This suggested that financial inclusion enabled farmers to invest in
timely and quality inputs, which was consistent with Haryanto et al. (2023), who found that
access to credit from formal sources significantly improved productivity and technical

efficiency of maize farming.

Furthermore, access to extension services, training, and climate information significantly
reduced inefficiency in both periods, highlighting the importance of institutional and
informational support. These results were in line with Biswas et al. (2021), who demonstrated
that agricultural extension services significantly improved technical efficiency of paddy
farmers in southwest Bangladesh, and with Jolex (2022), who found that agricultural extension
services enhanced technical efficiency of maize farmers in Malawi through improved

knowledge and CSAP adoption.

Household income also emerged as a significant negative predictor of inefficiency (p < 0.01),
suggesting that wealthier households were more technically efficient. This may have been due
to their greater ability to afford improved inputs, manage risks, and adopt new CSAPs. This
finding supported the work of Wei and Zhang (2025), who found that formal credit access
enhanced the propensity for larger-scale farming operations, with family farms showing
improved technical efficiency outcomes. In contrast, age, household size, and farming
experience were positively and significantly associated with inefficiency. Older farmers and
those with longer farming experience may have been less flexible in adopting new CSAPs,
while larger households may have faced resource allocation and labour coordination
challenges. These findings aligned with the results of Ngango and Hong (2022), who observed
that younger farmers demonstrated higher technical efficiency in maize production in Rwanda,
and that larger household sizes were associated with coordination challenges affecting

technical efficiency in maize production.

5.8 Analysis of cost efficiency distribution

The cost efficiency distribution analysis (Table 5.6) provides compelling evidence of the
transformative impact of CSAP adoption on farmers' cost optimization capabilities. The

distribution reveals a substantial rightward shift from lower to higher efficiency categories, The
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proportion of farmers achieving less than 50% cost efficiency declined from 28.65% to 19.2%
following CSAP adoption, indicating a modest but meaningful improvement in resource use
among the least efficient producers. The shift toward higher efficiency categories is particularly
visible in the 0.80-0.89 range, where the share of farmers nearly doubled, from 6.74% to
13.16%, reflecting gradual gains in input use and cost management. Overall, the average cost
efficiency rose from 61.2% to 68.5%, consistent with findings by Zheng et al. (2024), who
noted that CSAP adoption generally improves technical and allocative efficiency over time.
Similarly, Nanyangwe and Tembo (2024) found that CSAP in Zambia led to significant gains

in smallholder maize productivity.

The improvement in minimum cost efficiency from 23.4% to 45.6% suggests that even the
least efficient farmers benefited from CSAP interventions, while the reduction in standard
deviation from 16.7% to 13.4% indicates more uniform cost efficiency performance across the
sample. This distributional shift provides empirical support for continued investment in
climate-smart agricultural strategies. The results suggest that targeted efforts aimed at less
efficient farmers may vyield outsized improvements in productivity, while the broader
consistency in gains points to CSAPs as a viable tool for improving sustainability and
profitability among smallholder farmers, an observation also emphasized by Ma and Rahut
(2024).

Table 5.6 Cost efficiency distribution

Cost efficiency category Before CSAP After CSAP
Less than 0.50 28.65 19.2
0.50-0.59 24.16 20.85
0.60-0.69 22.47 21.33
0.70-0.79 16.29 19.24
0.80-0.89 6.74 13.16
Above 0.90 1.69 6.42
Mean 61.20 68.50

Source: Survey data generated through Stata version 18 (2025)

5.9 Conclusion and recommendations

This study examined the economic benefits and efficiency of CSAPs adoption among
smallholder maize farmers in KZN Province, using Gross Margin Analysis and Stochastic
Production Function within the Production Theory framework. The findings reveal that 47.1%
of farmers have adopted at least one CSAP, with drought-tolerant maize varieties being the

most widely adopted practice. Economic impact analysis demonstrated substantial benefits
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from CSAP adoption, with adopters experiencing an average gross margin improvement of
ZAR 1,012 per season, representing a substantial increase from pre-adoption levels. Key
determinants of economic benefits included education level, household income, and credit
access, with credit access showing the largest magnitude effect. The Stochastic Production
Function analysis reveals that CSAP adopters achieve significant improvements in technical
efficiency, rising from 68.5% to 85.2% after adoption, while household income, education,
credit access, extension services, training access, and climate information emerge as the
primary drivers of technical efficiency. The cost efficiency distribution analysis shows
improvements in farmer performance, with a notable shift toward higher efficiency categories
following CSAP adoption. These empirical findings strongly aligned with Production Theory's
fundamental assumptions about rational farmer behaviour and profit maximization under
resource constraints, validating that farmers adopt CSAPs that shift their production function
favourably and that human capital and financial resources are crucial inputs for optimizing

production decisions and maximizing CSAP effectiveness.

Based on these findings, several targeted recommendations are proposed to enhance CSAP
adoption and maximize economic benefits among smallholder maize farmers. Enhanced
educational and training programs should be developed focusing on practical demonstrations
and farmer field schools that build both technical knowledge and implementation skills, given
education’s strong positive relationship with CSAP economic returns. Financial institutions and
government agencies should design accessible agricultural credit products with flexible
repayment terms aligned with harvest cycles, recognizing credit access as the most significant
institutional factor determining CSAP economic benefits. Extension services should strengthen
their capacity to provide comprehensive technical support that goes beyond initial information
provision to include ongoing implementation guidance, addressing the knowledge-
implementation gap revealed by high CSAP awareness alongside moderate adoption rates.
Support for farm area expansion and cooperative arrangements should be prioritized, while
quality input supply chains should be strengthened to ensure consistent access to improved
seeds and fertilizers, given their significant positive effects in enhancing technical efficiency.
Gender-responsive interventions should address institutional barriers particularly affecting
female farmers who constitute 63% of agricultural decision-makers but face greater constraints
in accessing credit, extension services, and training opportunities. District-specific approaches
should be developed considering local agroecological conditions and institutional

environments, with policy interventions establishing performance-based extension systems,
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agricultural insurance products for CSAP adopters, and marketing cooperatives that help
farmers capture premium prices for sustainably produced maize. These recommendations
recognize that maximizing the economic benefits of CSAP adoption requires a multi-faceted
approach addressing both individual farmer capabilities and systemic institutional barriers,
ultimately contributing to enhanced agricultural productivity, income generation, climate

resilience, and food security in the face of climate change.
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CHAPTER 6

Assessing the Impact of Climate-Smart Agricultural Practices on Food Security among
Smallholder Maize Farmers in KwaZulu-Natal, South Africa.

Abstract

Climate change poses escalating risks to agriculture globally, with smallholder farmers in
developing regions particularly vulnerable due to limited adaptive capacity and resource
constraints. This study assessed the welfare effects of Climate-Smart Agricultural Practices
(CSAPs) adoption among smallholder maize farmers in KwaZulu-Natal, South Africa, using
Random Ultility Theory (RUT) as the theoretical framework and cross-sectional data from 378
farmers. An Endogenous Switching Regression (ESR) model addressed selection bias inherent
in technology adoption decisions, with food security measured via the Household Dietary
Diversity Score (HDDS) and Household Food Insecurity Access Scale (HFIAS). Four specific
CSAPs were evaluated: drought-tolerant maize varieties, rainwater harvesting systems, maize-
legume intercropping, and crop diversification strategies. Results showed a moderate 47.1%
adoption rate of CSAPs among smallholder maize farmers in the study area. Adopters exhibited
significantly higher dietary diversity (HDDS: 6.79 vs. 5.39; p < 0.001) and substantially
improved food security outcomes (HFIAS: 7.67 vs. 9.73; p < 0.001). Key socioeconomic and
institutional determinants influencing adoption decisions included land ownership status,
agricultural group membership, access to climate information services, household income
levels while age negatively influenced adoption decisions. Treatment effects analysis revealed
contrasting welfare patterns: current adopters experienced significant food security
improvements (ATT = -1.72) but minimal dietary diversity gains (ATT = 0.017), while non-
adopters demonstrated substantial unrealized potential for dietary diversity enhancement (ATU
= 3.035). These findings suggest that current adoption reflects crisis response mechanisms
rather than proactive improvement strategies. Policy recommendations include enhanced
agricultural training programs, improved credit access mechanisms, targeted technical support
for current adopters experiencing negative effects, and proactive outreach initiatives to stable

non-adopting households demonstrating greater welfare gain potential.

Keywords: Climate-Smart Agricultural Practices, Smallholder Farmers, Dietary Diversity,
Food Security, KwaZulu-Natal, Welfare Impact
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6.1 Introduction

Across Sub-Saharan Africa (SSA), agriculture serves as a fundamental pillar supporting
economic stability, employment generation, and food security for millions of households
(Wudil et al., 2022). The sector sustains more than 60% of the regional population, with
smallholder farming systems providing essential sources of nutrition and income for rural
communities (FAO, 2022). Maize stands as a particularly critical crop, representing nearly half
of total cereal production and constituting the primary caloric source for vast populations
(Cairns et al., 2021). Nevertheless, this vital crop faces increasing threats from climate
variability and extreme weather phenomena, including prolonged droughts, devastating floods,
and unpredictable rainfall distribution patterns (Du and Xiong, 2024). Such climatic
disruptions extend beyond immediate yield reductions. They exacerbate rural poverty and
deepen food insecurity among smallholder farming communities who lack adaptive capacity

to respond effectively.

In South Africa, maize forms the cornerstone of national food security (Mdoda et al., 2025).
The country produces approximately 12-16 million tons of maize annually, with smallholder
farmers accounting for 4.4% of cultivation, particularly in rural areas (Oduniyi et al., 2022).
This segment comprises over 2.9 million smallholder farming households that are
disproportionately affected by climate-related stressors (Sinyolo, 2023). Climate change
impacts on South African agriculture are already evident, with temperature increases of 1.5-
2.0°C recorded over the past four decades and projections indicating further increases of 3-4°C
by 2080 (Ngcamu and Chari, 2022). These stressors have resulted in average yield losses of
10-20% for maize over the past decade, with some regions experiencing losses exceeding 40%

during drought years (Tantoh and McKay, 2023).

KwaZulu-Natal (KZN) Province epitomizes these challenges, experiencing particularly acute
climate variability in recent years. The province has recorded temperature increases of 1.8°C
since 1960, accompanied by a 15% decline in annual rainfall and increased frequency of
extreme weather events (Mthethwa et al., 2022). These changes have resulted in estimated
agricultural losses of ZAR 2.8 billion between 2010-2020, with maize production declining by
an average of 12% annually (Kumar et al., 2022). Moreover, KZN faces high levels of poverty
and food insecurity, with approximately 65.3% of households in some zones experiencing food

insecurity (Aderaw et al., 2017; Mthethwa et al., 2022).
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To address these challenges, Climate-Smart Agriculture (CSA) has gained traction as a strategic
framework for transforming agricultural systems under climate change realities. CSA promotes
practices that increase productivity sustainably, strengthen farmers' resilience to climate-related
shocks, and reduce agriculture's carbon footprint (FAO, 2018; Lipper et al., 2014). For maize
farmers, Climate-Smart Agricultural Practices (CSAPs) encompass various interventions.
These include conservation agriculture, crop diversification, drought-tolerant varieties, organic
soil amendments, agroforestry, and rainwater harvesting (Bongole et al., 2022; Mahama et al.,
2020). Research indicates that drought-tolerant maize varieties can reduce yield losses by 20-
30% during drought years. Conservation agriculture practices can improve soil water retention

by 15-25% (Zougmore et al., 2018).

Despite this promise, significant knowledge gaps persist regarding the actual welfare effects of
CSAPs on smallholder farming households. While numerous studies have documented
productivity benefits and adoption patterns, there remains limited empirical evidence on how
these practices translate into improved welfare outcomes, particularly food security and dietary
diversity (Wekesa et al., 2018). Most existing research has focused primarily on yield
improvements and income effects, with insufficient attention to the multidimensional nature of
welfare. Furthermore, methodological limitations in previous studies have often failed to
address selection bias inherent in technology adoption decisions, potentially leading to biased
estimates of welfare impacts (Di Falco et al., 2011). Understanding the welfare effects of
CSAPs is crucial for several reasons. First, the ultimate goal of agricultural development
interventions is to improve the well-being of farming households. Second, food security and
dietary diversity represent critical dimensions of welfare that are particularly relevant for
smallholder farmers who often struggle with nutritional adequacy (Nabuuma et al., 2021).
Third, evidence on welfare effects is essential for designing effective policies that can

maximize the benefits of CSAPs for vulnerable farming communities.

This study aims to assess the effect of CSAPs on the welfare of smallholder maize farmers in
KZN Province. Drawing on Random Utility Theory and employing an Endogenous Switching
Regression model, the research seeks to generate robust empirical evidence on how CSAPs
adoption influences household dietary diversity and food security among smallholder farmers.
Specifically, the research seeks to: (i) determine the adoption status and patterns of CSAPs
among smallholder maize farmers and (ii) evaluate the welfare effects of CSAPs adoption on
household dietary diversity and food security. The findings will contribute to the growing body

of literature on CSAPs welfare impacts while providing practical recommendations for
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policymakers, extension services, and other stakeholders working to enhance agricultural

resilience and food security in the face of climate change.

6.2 Theory for assessing welfare effects of climate-smart agricultural practices among
smallholder maize farmers

This study is anchored in Random Utility Theory (RUT), originally developed by McFadden
(1974), to assess the welfare effects of CSAPs adoption among smallholder maize farmers.
RUT provides a robust econometric basis for analysing how farmers make utility-maximizing
decisions and the welfare outcomes that follow. It is particularly suitable for this research as it
addresses selection bias in impact evaluations by recognizing that farmers' decisions to adopt
CSAPs are systematic, not random. These decisions are influenced by the same factors that
also affect welfare outcomes, including food security and dietary diversity. According to RUT,
rational decision-makers select alternatives that maximize their expected utility, which consists
of both observable and unobservable components (Train, 2009). In this context, CSAP adoption
by smallholder farmers is modelled as a strategic choice based on anticipated utility gains,

accounting for both benefits and costs.

Building on McFadden's framework, this study conceptualizes CSAP adoption as a decision
where a farmer compares the utility of adopting CSAPs (U;;) with that of maintaining
traditional practices (Uy;). A farmer will adopt if U;; — Uy; > 0. This logic captures their
evaluation of net benefits, including expected welfare improvements from adopting drought-
tolerant maize, intercropping, rainwater harvesting, or diversification. Utility is influenced by
observable factors like age, education, income, household size, farm size, and institutional
access, and by unobservable characteristics such as risk tolerance, ability, and motivation (D1
Falco et al., 2011). These combined factors shape not only adoption behaviour but also the
welfare outcomes realized thereafter. The empirical foundation involves estimating a latent
variable A; *, which reflects the net utility from CSAP adoption. This variable is influenced by
observable characteristics (Z;) and unobservable factors (1);), laying the groundwork for model
specification. RUT justifies evaluating welfare outcomes as the result of these utility-
maximizing behaviours. HDDS and HFIAS are used as welfare indicators, which are
understood as systematically distributed rather than random. The ESR model applied in this
study directly stems from RUT and enables the estimation of ATT and ATU, providing robust
counterfactual analysis while addressing selection bias. This ensures that estimated effects

reflect genuine welfare improvements from CSAP adoption rather than artifacts of selection
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bias, providing a sound theoretical foundation for assessing welfare impacts on smallholder

maize farmers in KZN.

6.3 Materials and methods
6.3.1 Description and study area selection

As previously mentioned in chapter three of this thesis, the study was conducted in KwaZulu-
Natal Province, South Africa, specifically focusing on Harry Gwala District Municipality
(HGDM) and Ugu District Municipality (UDM). For a detailed description of the study area
characteristics, agro-ecological conditions, and the selection process rationale, please refer to
chapter three, Section 3.3.1.

6.3.2 Research Design

A cross-sectional research design with a mixed-methods approach was utilized to gather
comprehensive data on CSAP adoption patterns and their welfare effects among smallholder
maize farmers. For a detailed explanation of the design choice and its theoretical justification,

please refer to chapter three, Section 3.3.1.

6.3.3 Sampling technique and data collection

The results presented here are based on a sample of 378 smallholder maize farmers from both
HGDM and UDM, selected through a multi-stage sampling procedure to ensure
representativeness across the two contrasting agro-ecological zones. Data was collected
through structured questionnaires administered via face-to-face interviews, translated into
isiZulu where necessary, to ensure clarity and gather detailed information on farmers'
demographic and socioeconomic characteristics, farm characteristics, institutional factors, and
welfare outcomes measured through the Household Dietary Diversity Score (HDDS) and
Household Food Insecurity Access Scale (HFIAS). A pre-testing phase with 38 respondents
tested the questionnaire's validity and reliability but was excluded from the final analysis to
maintain research integrity. The surveys captured comprehensive information on CSAPs
adoption patterns, welfare indicators, and factors influencing adoption decisions among
smallholder farmers. Refer to Chapter Three (Sections 3.3.2 and 3.3.3) for detailed information
on the sampling methodology, sample size calculation, and data collection procedures for this

study.
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6.3.4 Data analysis

This paper assessed the effect of CSAPs on the welfare of smallholder maize farmers. The
collected survey data was organized and initially processed using Microsoft Excel spreadsheets
for data entry and preliminary cleaning. For comprehensive statistical analysis, Stata version
18 was employed. The study employed a cross-sectional research design with a mixed-methods
approach to gather comprehensive data on CSAP adoption patterns and their welfare effects
among smallholder maize farmers. This design facilitated the assessment of how CSAPs affect
farmer welfare through the Household Dietary Diversity Score (HDDS) as a welfare indicator
and the ESR model to evaluate the causal impact of CSAP adoption on welfare outcomes,
providing crucial insights into the welfare effects of CSAPs adoption in climatically vulnerable

production systems.

6.3.5 Descriptive statistics

Descriptive statistics were employed to characterize smallholder maize farmers' demographic
and socioeconomic profiles. The descriptive analysis encompassed frequency distributions
(percentages) and measures of central tendency (means, ranges, and standard deviations). The
data were presented through tables and figures to provide a clear visual representation of the
findings. This approach was particularly important as study by Autio et al. (2021) and Ojoko
et al. (2017) indicated that many smallholder farmers unconsciously practice CSA as part of
their traditional farming systems. Therefore, it was critical to identify and assess the frequency
of farmers using specific CSAPs such as drought-tolerant maize varieties, maize-legume
intercropping, rainwater harvesting, and crop diversification. The descriptive statistics

provided the key socioeconomic characteristics of sampled smallholder farmers.

6.4.1 The Household Dietary Diversity Score (HDDS)

The HDDS was selected as a complementary measurement tool to assess dietary diversity as a
proxy indicator for diet quality and the utilization dimension of food security, providing crucial
insights into the quality and variety of household food consumption patterns among
smallholder farmers. While food security encompasses multiple dimensions, dietary diversity
serves as a proxy indicator for diet quality and micronutrient adequacy, which are essential
components of the utilization pillar of food security (Mohamed et al., 2020). The HDDS is
particularly valuable for evaluating the welfare impacts of CSAPs because it captures how
these interventions affect not just food access, but also the nutritional quality of household
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diets. Muthini et al. (2020) employed it to evaluate the association between farm production
diversity and dietary diversity among smallholder households in Kenya. Kuma et al. (2021)
applied HDDS to assess the relationship between market access and dietary diversity among
smallholder coffee producers in southwestern Ethiopia. The HDDS measures dietary diversity
by calculating the number of different food groups consumed rather than the number of
different individual foods consumed (Bilinsky and Swindale, 2006). HDDS was measured
using a three-point scale classification (1-4 for low dietary diversity, 5-8 for medium dietary
diversity, and >9 for high dietary diversity), following the approach established by Suneetha
and Rahul (2012). A scale of 12 food groups was used to assess dietary diversity, following the
approach established by Damman et al. (2008), with a single point awarded to each food group
consumed over the reference period, giving a maximum total dietary diversity score of 12
points for each household. Respondents were asked to recall all foods consumed during the
previous 24 hours, as FAO recommends the 24-hour recall period because it is less subject to
recall error and less burdensome for respondents. The study contrasted smallholder maize
farmers who adopted CSAPs with those who did not, specifically in terms of their HDDS,
providing an estimate of the association between CSAP adoption and dietary diversity among
smallholder maize farmers.

Table 6.1 Food groups used for calculating the HDDS.

Food groups Number

1. Any bread, rice, or any other foods made from millet, sorghum, maize, wheat, or | A
any other locally available grain

2. Any potatoes, yams, cassava, or any other foods made from roots or tubers

3. Any vegetables

4. Any fruits

5. Any beef, pork, lamb, rabbit, chicken, duck, other birds, and organ meats

6. Any eggs

7. Any fresh or dried fish, or shellfish

8. Any foods made from beans, peas, and lentils

9. Any yoghurt, milk, or milk products

10. Any food made with oil, fat or butter

11. Any sugar

CAIATIDQTHEH g OW

12. Any food such as coffee or tea

Note if the answer was yes, awarded 1 point, and if the answer was no, awarded 0 point

Source: Adapted from Swindale and Bilinsky (2006)
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6.4.2 The Household Food Insecurity Access Scale (HFIAS)

The HFIAS was selected as the tool for measuring household food access insecurity, serving
as a direct indicator of the access dimension of food security which is fundamental to evaluating
household welfare outcomes among smallholder farmers (Addai et al., 2024). Unlike simple
measures of food availability or consumption, HFIAS captures the lived experiences of
households regarding food insecurity, including behavioural and psychological manifestations
such as worrying about food, compromising on food quality and quantity, and experiencing
hunger due to limited access to food resources (Coates et al., 2007). This experiential approach
is particularly relevant for smallholder farming households who may produce food but still face
access challenges due to market failures, seasonal variations, or economic constraints. The
HFIAS is a validated measurement tool developed by the Food and Nutrition Technical
Assistance (FANTA) project and has been successfully employed in agricultural research
contexts. Sibhatu and Qaim (2018) used HFIAS to examine farm production diversity and
dietary quality linkages among smallholder households. Addai et al. (2024) utilized HFIAS to
examine the impact of farmer organization membership on food security among rural rice
farmers in Northern Ghana. Kuma et al. (2021) employed HFIAS to assess market access

effects on food security among smallholder coffee producers in southwestern Ethiopia.

The HFIAS indicator instrument comprises nine occurrence questions that capture behavioural
responses and experiences related to food insecurity during the previous 30 days, with each
occurrence question followed by a frequency-of-occurrence question to determine how often
the condition occurred (Pourmotabbed et al. 2020). The HFIAS measures three domains of
food insecurity: anxiety and uncertainty about household food supply, insufficient food quality
(including variety and preferences), and insufficient food intake and its physical consequences
(Coates et al., 2007). The measured results were assigned either categorical designations (food
secure, mildly food insecure, moderately food insecure, or severely food insecure) or numerical
values ranging from 0-27, with higher scores representing greater food insecurity levels.
Response options were coded as: 0-Never, 1-Rarely (once or twice in the past 30 days), 2-
Sometimes (three to ten times in the past 30 days), 3-Often (more than ten times in the past 30
days), with the maximum possible score being 27 and the minimum being 0, where higher
scores indicate greater food insecurity and lower scores indicate better food security status
(Coates et al., 2007).
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Table 6.2 The Household Food Insecurity Access Scale (HFIAS) Generic Questions.
Number | Occurrence Question
1 In the past four weeks, did you worry that your household would not have enough food?

2 In the past four weeks, were you or any household member not able to eat the kinds of

foods you preferred because of a lack of resources?

3 In the past four weeks, did you or any household member have to eat a limited variety of

foods due to a lack of resources?

4 In the past four weeks, did you or any household member have to eat some foods that
you really did not want to eat because of a lack of resources to obtain other types of food?

5 In the past four weeks, did you or any household member have to eat a smaller meal than
you felt you needed because there was not enough food?

6 In the past four weeks, did you or any household member have to eat fewer meals in a

day because there was not enough food?

7 In the past four weeks, was there ever no food to eat of any kind in your household

because of lack of resources to get food?

8 In the past four weeks, did you or any household member go to sleep at night hungry

because there was not enough food?

9 In the past four weeks, did you or any household member go a whole day and night

without eating anything because there was not enough food?
Source: Adapted from FAO (2021)

6.4.3 Endogeneity Switching Regression

The ESR model was selected as the primary analytical framework for assessing the welfare
impact of CSAPs on smallholder maize farmers because it addresses critical methodological
challenges inherent in impact evaluation studies. The choice to adopt CSAPs is not random but
depends on observable and unobservable farmer characteristics, creating potential selection
bias that can lead to biased estimates of treatment effects (Di Falco et al., 2011). The ESR
model is particularly well-suited for this study as it accounts for both observed and unobserved
heterogeneity between CSAP adopters and non-adopters, providing more robust and reliable
estimates of welfare impacts compared to conventional econometric approaches. Unlike simple
comparison methods, the ESR model explicitly addresses the endogeneity problem by
modelling the adoption decision and welfare outcomes simultaneously, recognizing that
farmers who adopt CSAPs may have fundamentally different characteristics from non-adopters

that also influence their welfare outcomes (Carter and Milon, 2005).
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Recent studies have successfully employed ESR models in similar agricultural contexts.
Wekesa et al. (2018) utilized ESR to assess the effect of CSAPs on household food security
among smallholder farmers in Kenya, finding significant positive impacts while controlling for
selection bias. Oduniyi et al. (2022) applied ESR to evaluate the welfare impacts of
conservation agriculture adoption on smallholder maize farmers in South Africa. The study
employed the ESR model to assess the impact of CSAPs on smallholder maize farmers' welfare,
with welfare measured through both HDDS and HFIAS as complementary indicators. The
CSAPs examined included drought-tolerant maize varieties, rainwater harvesting, maize-
legume intercropping, and crop diversification. The ESR model addresses potential selection
bias by estimating separate regression models for CSAP adopters and non-adopters, allowing
each variable to have different coefficients for each group. Following McFadden's random
utility theory, the model assumes that rational farmers choose to adopt CSAPs if the choice
provides the highest utility among available alternatives (McFadden, 1974). The model denotes
the benefits of adopting CSAPs by U; while the benefits of smallholder maize farmers that did
not adopt CSAPs are denoted by U, Smallholder maize farmers will choose to adopt CSAPs
if the benefit of participation is positive (4; — U, — U, > 0). The latent variable A; captures
the expected net benefits to household i from CSAPs adoption and is specified in Eq. (1) as

follows:

* . 1if A7 >0
Ai = Zia + n; with Ai = {0 O{he;"wise ......................................................... (1)

Where Z represents vectors of variables that affect the decision to adopt CSAPs;
n; represents the error term; and smallholder maize farmers i chooses (4, = 1) if they
experience a positive net benefit from it (4; > 0)

In the second stage the welfare outcomes (HDDS and HFIAS) of CSAPs adopters and non-
adopters are estimated separately. Egs. (2) and (3) define these two ESR regimes:

Regime 1:Y;; = L1 X1+ 011 H et A = Lo (2)
Regime 2: Yy; = BoXoi + 0ohoi + €0i Ai = 0.eennii 3)

Where Y;; and Y,; are welfare outcomes (HDDS or HFIAS scores) of household i; X is a vector
of explanatory variables; A is the estimated inverse Mills’ ratio obtained from Eq. (1); &;; and
€o;, are vectors of error terms with expected values of zero; and [, are a vector of unknown

parameters to be estimated.
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The ESR model's ability to address selection bias, account for heterogeneous treatment effects,
enable counterfactual analysis, and mitigate endogeneity concerns makes it a robust and
effective tool for assessing the welfare impacts of CSAPs on smallholder farmers. Its
application provides policymakers and researchers with more reliable and nuanced insights into
the true effects of CSAPs adoption, facilitating better-informed decision-making in agricultural
development and climate change adaptation strategies. This approach is particularly valuable
for this study as it allows for the estimation of average treatment effects on the treated (ATT)
and average treatment effects on the untreated (ATU), providing comprehensive insights into
the potential welfare gains from scaling up CSAP adoption among smallholder maize farmers

in KZN.

6.5 Description of the explanatory variables used in the Endogenous Switching
Regression model and their expected outcomes

Table 6.3 summarizes the explanatory variables included in the ESR model to assess the
welfare effects of CSAP adoption among smallholder maize farmers in KZN. The ESR model
comprises two stages: the first stage models the adoption decision (selection equation), while
the second stage estimates the welfare outcomes (HDDS and HFIAS) for both adopters and
non-adopters (outcome equations). These variables are hypothesized to influence both the
decision to adopt CSAPs and the resulting welfare outcomes among smallholder maize farmers.
Diagnostic checks were conducted for the linear outcome equations of the ESR model to ensure
model validity. Variance Inflation Factor (VIF) values were below 10, indicating no

multicollinearity, and the Breusch—Pagan test confirmed the absence of heteroscedasticity.

Table 6.3 Explanatory variables used in the Endogenous Switching Regression Model to
assess welfare effects of climate-smart agriculture practices adoption

Variable Description and measurement (Type) Expected
outcome (+/-)

Gender Smallholder farmer's gender (female = 0; male = +
1) (dummy)

Marital status Marital status of the Smallholder farmer (single = +/-
0; wedded (married, divorced, widowed) = 1)
(dummy)

Age Age of the smallholder farmer in years +/-
(continuous)

Education Number of years of formal schooling by the +
smallholder farmer (continuous)

Family Size Number of members in the smallholder farmer's +
household (continuous)
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Household income | Total household income of the smallholder +
farmer (continuous)

Farm Size Size of the smallholder farmer's land in hectares +
(continuous)

Farming Years Number of years of farming experience by the +
smallholder farmer (continuous)

Average Distance to | The distance from home to the farm site in -

Farm kilometres (continuous)

Access to Climate Whether the smallholder farmer has access to +

Information climate information (no = 0; yes = 1) (dummy)

Access to Whether the smallholder farmer has access to +

Agricultural Credit | agricultural credit (no = 0; yes = 1) (dummy)

Membership in Whether the smallholder farmer belonged to an +

Agricultural Group | agricultural-related group or association (no = 0;
yes = 1) (dummy)

Access to Extension | Whether the smallholder farmer has access to +

Services extension services (no = 0; yes = 1) (dummy)

Agricultural Whether the smallholder farmer received +

Training specialized agricultural training (no = 0; yes = 1)
(dummy)

Employment Status | Employment status of the smallholder farmer +/-
(unemployed = 0; employed = 1) (dummy)

Land Ownership Land tenure status of the smallholder farmer (not +
owned = 0; owned = 1) (dummy)

Note +/— Depicts the direction of influence (positive/negative)

Source: Authors (2025)

6.6 Results and discussion

This section presents findings from 378 smallholder maize farmers in KZN Province,
examining the welfare effects of CSAPs adoption. The results cover demographic profiles,
CSAP adoption patterns, welfare outcome analysis through HDDS and HFIAS, and ESR model
results addressing selection bias. Key findings include comparative welfare analysis between
adopters and non-adopters, determinants of adoption decisions, treatment effects analysis, and
identification of heterogeneous welfare impacts. Each subsection combines empirical findings

with relevant discussion and comparison to existing literature.

6.6.1 Demographic characteristics of the sampled smallholder maize farmers in
KwaZulu-Natal

The sample distribution reveals a significant gender imbalance, with females constituting the
majority (63%) of respondents compared to males (37%), though this distribution remains
similar between adopters (62% female) and non-adopters (64% female), suggesting that gender

alone does not significantly differentiate adoption behaviour. This female dominance in
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smallholder agriculture aligns with findings by Mthethwa et al. (2022) in KZN, who reported
that women constitute the majority of smallholder farmers in the province. Key demographic
differences emerge between the groups across multiple socioeconomic dimensions, with
adopters demonstrating clear advantages in human capital, being younger (mean 49 years vs
54 years) and more educated (mean 11 vs 9 years of schooling), indicating that age and
education play crucial roles in CSAPs adoption decisions. These findings are consistent with
Mutengwa et al. (2023) who emphasized that younger, more educated farmers in are more

receptive to CSAPs due to their greater risk tolerance and information processing capabilities.

The age profile indicates a mature farming population with an average of 52 years (SD=17.04).
This middle-aged demographic pattern suggests that many farmers have extensive agricultural
experience but may face challenges in adopting CSAPs. Combined with moderate educational
attainment, this age profile may influence farmers' capacity to comprehend and implement
complex CSAPs. These demographic characteristics suggest that extension services should
prioritize simplified approaches and hands-on demonstration methods rather than text-based
information delivery to effectively reach this farming population. This aligns with
recommendations by Makamane et al. (2023) who advocated for age-appropriate extension
methodologies that accommodate varying educational backgrounds among smallholder
farmers. Economic vulnerability significantly constrains adoption capacity, with adopters
having substantially higher household incomes (ZAR12,450 vs ZAR9,126 per month),
confirming that financial capacity remains a critical determinant of CSAP adoption. This
income disparity mirrors findings by Sinyolo (2023) who identified financial constraints as the

primary barrier to CSAPs among South African smallholder farmers.

The household composition shows adopters maintaining larger households (7 vs 6 members
per household), potentially providing enhanced labour capacity for CSAPs implementation,
though this advantage is severely constrained by extremely limited landholdings (mean 0.01
ha) affecting both groups. The small farm sizes reflect the broader land tenure challenges in
South Africa, as documented by Oduniyi et al. (2022). Most striking are the institutional access
disparities, where adopters consistently demonstrate superior access across all support systems,
particularly in agricultural credit access (50% vs 36%) and training (38% vs 25%), while
climate information access remains relatively high for both groups (76% vs 67%). These
institutional gaps echo findings by Mdoda et al. (2025) who identified weak extension services

and limited credit access as major constraints to agricultural innovation in South Africa.
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These findings reveal a profound knowledge-implementation gap where high CSAPs
awareness (80%) exists alongside significant institutional barriers, particularly affecting the
63% female agricultural decision-makers who face greater constraints in accessing credit,
extension services, and training. This awareness-adoption gap has been consistently reported
across SSA, with Zheng et al. (2024) noting that knowledge alone is insufficient without
supportive institutional frameworks. The substantial institutional void, combined with
moderate educational attainment and economic vulnerability, explains why adoption rates
remain moderate (47%) despite high awareness levels, supporting the theoretical framework
that successful CSAP adoption requires convergence of awareness, resources, and institutional

support (Tantoh and McKay, 2023).

Demographic Profile: CSAP Adopters vs Non-adopters
(n=178 vs n=200)

=@=Adopters ==@==Non-adopters
Male (%)
100

Income* Wedded (%)
H.Size* Credit (%)
Education* Climate Info (%)
Age* Training (%)

Employment (%)

Figure 6.1 Demographic and socioeconomic profile comparison between CSAP adopters and

non-adopters among smallholder farmers
Source: Survey data generated through Stata version 18 (2025)

6.6.2 Status of climate-smart agriculture practices adopted by smallholder maize
farmers in KwaZulu-Natal

The adoption status among smallholder maize farmers indicated a moderate level of CSAP
uptake, with 178 farmers (47%) having adopted at least one practice, while 200 farmers (53%)
remained non-adopters. This distribution indicates that while CSAPs are becoming more
accepted among farmers, major obstacles still limit widespread adoption throughout the study
group. The relatively balanced distribution between adopters and non-adopters of CSAPs

provides a robust foundation for the subsequent ESR model, enabling meaningful comparisons

between these two groups to assess the welfare effects of CSAPs adoption on smallholder
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farmers. The empirical evidence from recent studies (2020-2022) provides support for the
current findings regarding CSAP adoption patterns. The 47.1% adoption rate observed in this
study falls squarely within the documented range of 39-53% reported in comparable studies
across developing regions (Aryal et al., 2021; Kurgat et al., 2020; Amadu et al., 2020; Zeweld
et al., 2020; Tesfaye & Tirivayi, 2020). This consistency across diverse geographical and
agricultural contexts strengthens the validity of the current findings and suggests that the
identified adoption patterns reflect fundamental dynamics in smallholder decision-making
regarding CSAPs. The substantial proportion of non-adopters (53%) underscores the critical
importance of targeted interventions to address barriers to adoption, particularly information
access (Khataza et al., 2021), financial constraints (Amadu et al., 2020), and technical
knowledge gaps (Aryal et al., 2022; Zeweld et al., 2020). As climate change impacts intensify,

bridging these adoption gaps becomes increasingly urgent for enhancing agricultural resilience.

CSAPs adoption status

B Adopters M non-adopters

Figure 6.2 Distribution of CSAP adoption status among smallholder maize farmers in KZN
Source: Survey data generated through Stata version 18 (2025)

6.7.1 Household food insecurity analysis by climate-smart agriculture practices
adoption status

Table 6.4 below shows that the HFIAS analysis provides compelling evidence of improved
food security among CSAPs adopters compared to non-adopters, with adopters recording
significantly lower food insecurity scores (8 vs 10, t =4.13, p < 0.001), representing a 2.06-

point (21%) reduction in food insecurity. This constitutes a meaningful welfare gain, as lower
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HFIAS scores reflect better household food access and fewer experiences of food-related
anxiety, dietary compromises, and hunger. The categorical analysis further highlights stark
contrasts in food security status: while 47.5% of non-adopters face moderate food insecurity
and 3.0% severe food insecurity, 67% of adopters experience only mild food insecurity, with
non adopters classified as severely food insecure. Moreover, while none of the non-adopters
achieved complete food security, the adopter group includes at least one household with perfect
food security (HFIAS = 0). These results align with the theoretical framework linking CSAPs
to welfare improvements, as these practices enhance agricultural resilience, diversify
production, and increase yields, thereby improving household food access and reducing
reliance on negative coping strategies (Zheng et al., 2024; Mujeyi et al., 2021). The broader
welfare implications are also significant, as reduced HFIAS scores indicate lower
psychological stress and fewer hunger experiences, which is critical in the face of climate-
related stressors that exacerbate social and emotional challenges such as inequity, alienation,

and economic hardship (Ogundeji, 2022).

Table 6.4 Household food insecurity access scale by CSAP adoption status

Variable Non-Adopters CSAP Adopters | Mean t- p-
(n=200) (n=178) Difference statistic | value

HFIAS Score

Mean (SD) 9.73 (5.20) 7.67 (4.41) 2.06%** 413 | <0.001

95% ClI [9.01, 10.45] [7.02,8.32] [1.08, 3.04]

Range 1-24 0-16

HFIAS Categories n (%) n (%)

Food Secure (0) 0 (0.0) 1(0.6)

Mildly Insecure (1- 99 (49.5) 120 (67.4)

9)

Moderately Insecure 95 (47.5) 57 (32.0)

(10-18)

Severely  Insecure 6 (3.0) 0(0.0)

(19-27)

Notes HFIAS = Household Food Insecurity Access Scale (range: 0-27, lower scores indicate better food

security); SD = Standard Deviation; Cl = Confidence Interval. ***p < 0.001. Chi-square test for

categorical distribution: > =17.29, p = 0.001

Source: Survey data generated through Stata version 18 (2025)
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6.7.2 Dietary diversity analysis by climate-smart agriculture practices adoption status

The analysis of household dietary diversity (Table 6.5) reveals statistically and practically
significant differences between CSAP adopters and non-adopters in KwaZulu-Natal. On
average, adopters reported substantially higher Household Dietary Diversity Scores (HDDS)
of 6.79 compared to 5.39 for non-adopters (t = -5.18, p < 0.001), marking a 1.41-point or 26%
improvement in dietary diversity. This reflects meaningful welfare gains linked to CSAP
adoption. The categorical distribution of dietary diversity further illustrates these gains: while
nearly half of non-adopters (49.5%) fell within the low dietary diversity category (HDDS 1—
4), only 23.6% of adopters did. In contrast, 26.4% of adopters attained high dietary diversity,
compared to just 17.0% of non-adopters. This distribution was statistically significant (y* =
28.46, p < 0.001), confirming a strong association between CSAP adoption and improved
dietary outcomes. These findings carry critical welfare implications, as dietary diversity is
widely recognized as a proxy for micronutrient adequacy and overall diet quality (Verger et
al., 2021). The observed improvements are consistent with empirical evidence that CSAPs
enhance food security and nutritional outcomes through increased crop productivity and
household income (Ma & Rahut, 2024; Teklewold et al., 2019). Notably, the range analysis
underscores food security vulnerabilities among non-adopters, including households with zero
dietary diversity, signaling severe nutritional risk. In contrast, all adopters recorded at least an
HDDS score of 1, indicating that CSAPs provide a protective buffer against extreme dietary
deprivation (Wekesa et al., 2018). These outcomes affirm that the benefits of CSAPs extend
beyond the most vulnerable, with adopters consistently exhibiting better dietary outcomes
across the distribution, ultimately reinforcing the role of CSAPs in building farmer resilience

through enhanced food consumption, dietary diversity, and food security (Zheng et al., 2024).
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Table 6.5 Household dietary diversity score by climate-smart agriculture practices adoption

status
Variable Non-Adopters CSAP  Adopters | Mean t- p-
(n=200) (n=178) Difference statistic | value
HDDS Score
Mean (SD) 5.39 (2.81) 6.79 (2.42) 1.41%** -5.18 <0.001
95% ClI [4.99, 5.78] [6.43, 7.15] [0.87,1.94]
Range 0-12 1-12
HDDS n (%) n (%)
Categories
Low (1-4) 99 (49.5) 42 (23.6)
Medium (5-8) 67 (33.5) 89 (50.0)
High (9-12) 34 (17.0) 47 (26.4)

Note HDDS = Household Dietary Diversity Score (range: 0-12)
Source: Survey data generated through Stata version 18 (2025)

6.8 Factors influencing adoption and the welfare effect of smallholder maize farmers in
KwaZulu-Natal

Table 6.6 presents the selection equation results, identifying the factors that determine CSAP
adoption decisions among smallholder maize farmers. The ESR approach examines factors
influencing CSAPs adoption decisions and their welfare effects on smallholder maize farmers
across two distinct regimes, while addressing potential selection bias in the adoption process.
The model demonstrates excellent statistical fit with significant Wald y? statistics for both
welfare indicators: HDDS (y*> = 710.36, p < 0.001) and HFIAS (> = 632.92, p <0.001). The
Wald test of independence confirms significant selection bias for dietary diversity outcomes
(¥*(2) = 6.07, p = 0.048) but not for food insecurity (¥*(2) = 1.29, p = 0.525). This indicates
that unobserved factors systematically influence dietary diversity achievements among
adopters, validating the ESR approach for dietary diversity analysis while suggesting that
simpler models may suffice for food security analysis. The presence of selection bias for HDDS
confirms that farmers who adopt CSAPs differ systematically from non-adopters in ways that
affect their dietary diversity outcomes, making the two-regime framework essential for

unbiased impact estimation.
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Table 6.6 Factors influencing climate-smart agriculture practices adoption (Selection equation

results)
Variable Coefficient Standard Error p-value
Age -0.0157 0.008 0.049**
Education 0.0262 0.030 0.383
Family Size 0.0134 0.020 0.503
Household Income 0.000053 0.000016 0.001***
Farming Years 0.0165 0.010 0.112
Gender 0.1055 0.180 0.559
Marital Status -0.0989 0.133 0.456
Employment 0.1692 0.103 0.100
Farm Size -0.1372 0.443 0.757
Access Distance -0.0350 0.053 0.513
Climate Information 0.7722 0.182 <0.001***
Agricultural
Training 0.2689 0.214 0.209
Agricultural Group 0.9973 0.201 <0.001***
Credit Access 0.0997 0.202 0.622
Extension Services -0.0102 0.188 0.957
Land Ownership 1.1152 0.180 <0.001***
Income Source:
Maize Sales 1.4558 0.251 <0.001***
Constant -2.8238 0.609 <0.001***
Model Diagnostics
Observations 378
Wald 4> (HDDS) 710.36 <0.001***
Wald y* (HFIAS) 632.92 <0.001***
Wald test of
independence v (2)=6.07 0.048**
(HDDS)

Note *, ** & *** show statistical significance at the 10% , 5% and 1% levels, respectively
Source: Survey data generated through Stata version 18 (2025)
The selection equation identifies six significant factors influencing CSAP adoption decisions

among smallholder maize farmers. Income from maize sales was positive and statistically
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significant at the 1% level (p < 0.001) with a coefficient of 1.456. This indicates that farmers
with income from maize sales have a probability of adopting CSAPs that is 1.456 units higher
than those without maize sales income. This finding suggests that market-oriented farmers are
significantly more likely to adopt CSAPs than subsistence farmers, highlighting the importance
of agricultural commercialization in driving CSAP adoption. However, this finding contrasts
with Mthethwa et al. (2022), who found that income had a negative and significant impact on
CSAP adoption, suggesting context-specific variations in income effects. Land ownership was
positive and statistically significant at the 1% level (p < 0.001) with a coefficient of 1.115. This
means that farmers with secure land tenure have a probability of adopting CSAPs that is 1.115
units higher than those without land ownership. Samim et al. (2025) confirmed heterogeneous
impacts of land tenure security on the adoption intensity of CSAPs in Afghanistan, supporting
the universal importance of land tenure across different contexts. This finding emphasizes the
critical role of secure tenure in encouraging long-term agricultural investments and CSAP

adoption decisions.

Agricultural group membership was positive and statistically significant at the 1% level (p <
0.001) with a coefficient of 0.997. This indicates that farmers belonging to agricultural groups
have a probability of adopting CSAPs that is 0.997 units higher than non-members. This result
highlights the importance of social capital and collective action in facilitating CSAP transfer
and knowledge sharing among farming communities. Zhou et al. (2024) found that cooperative
membership significantly increases the adoption of CSAPs among banana-producing farmers
in China. Climate information access was positive and statistically significant at the 1% level
(p < 0.001) with a coefficient of 0.772. This means that farmers with access to climate
information have a probability of adopting CSAPs that is 0.772 units higher than those without
such access. This finding demonstrates how information access enables informed decision-
making and motivates proactive adaptation strategies. Asante et al. (2024) supported this
finding by demonstrating that leveraging the growth of information and communication
technologies, such as smartphones, digital advisory services help Ghanaian farmers adopt
CSAPs by reducing information asymmetry and providing climate-smart information to
smallholder farmers. Household income was positive and statistically significant at the 1%
level (p =0.001) with a coefficient of 0.000053. While the coefficient appears small, it indicates
that each unit increase in household income increases the probability of adopting CSAPs by
0.000053 units. This finding confirms that financial capacity facilitates CSAPs adoption by

enabling farmers to overcome initial investment barriers. This aligns with Khoza et al. (2021)
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research demonstrating that financial resources significantly shape farmers' perceptions of
implementation feasibility. Age was negative and statistically significant at the 5% level (p =
0.049) with a coefficient of -0.016. This indicates that for each additional year in age, the
probability of adopting CSAPs decreases by 0.016 units. This finding suggests that younger
farmers are more receptive to new CSAPS, possibly due to greater risk tolerance and longer
time horizons for investment recovery. However, this contradicts findings by Masud et al.

(2017) who found that ageing farmers in Malaysia have a higher likelihood of adopting CSAPs.

6.9 Welfare effects among non-adopters (Regime 1)
6.9.1 The Household Dietary Diversity Score results

Household income was positive and statistically significant at the 1% level (p < 0.001) with a
coefficient of 0.0003. This indicates that each unit increase in household income increases
dietary diversity scores by 0.0003 units among non-adopters. Amadu et al. (2020) found similar
patterns in Malawi, where income diversification strategies enabled households to achieve
better dietary outcomes even without CSAPs. Farming years was positive and statistically
significant at the 5% level (p = 0.037) with a coefficient of 0.024. This means that each
additional year of farming experience increases dietary diversity scores by 0.024 units among
non-adopters. Sanogo et al. (2023) asserted that experienced farmers develop confidence in
managing agricultural risks and optimizing crop performance through accumulated knowledge,
supporting the experience-outcome relationship. Agricultural training was positive and
statistically significant at the 10% level (p = 0.098) with a coefficient of 0.4388. This means
that receiving agricultural training increases dietary diversity scores by 0.4388 units. Sisay et
al. (2023) confirmed that various studies consistently demonstrate the significant and
favourable impact of training on the utilization of diverse agricultural practices, even traditional
ones. This result suggests that accumulated agricultural knowledge and skills enable better food

production outcomes even without CSAPSs.

6.9.2 Food security (The Household Food Insecurity Access Scale results)

Household income was negative and statistically significant at the 1% level (p < 0.001) with a
coefficient of -0.0005. This indicates that each unit increase in household income reduces food
insecurity scores by 0.0005 units among non-adopters. This finding confirms that higher
income substantially improves food security among conventional farming households. Recent

evidence from Ethiopia shows similar patterns where income significantly reduces food
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insecurity (Ahmed et al., 2023). Gender was positive and statistically significant at the 10%
level (p = 0.087) with a coefficient of 0.7723. This means that being female increases food
insecurity scores by 0.7723 units compared to males. Recent systematic reviews confirm that
gender disparities are evident in food security outcomes, with female farmers showing different
vulnerability patterns compared to male farmers (Mnukwa et al., 2025). Employment was
positive and statistically significant at the 1% level (p = 0.003) with a coefficient of 0.766. This
indicates that employed farmers have food insecurity scores that are 0.766 units higher than
unemployed farmers among non-adopters. Unicef (2024). reported that agricultural
employment alone may not guarantee food security, particularly where wages are low and
employment is seasonal. Farm size was positive and statistically significant at the 1% level (p
= 0.004) with a coefficient of 4.189. This means that each additional unit of farm size increases
food insecurity scores by 4.189 units among non-adopters. This unexpected result suggests that
larger farms may require more intensive management and higher input costs without
corresponding welfare improvements under conventional farming practices. Kurgat et al.
(2020) noted that larger farms often require more capital-intensive approaches that can strain

household resources without guaranteed returns.

Table 6.7 Endogenous Switching Regression results - Outcome equations for non-adopters

(Regime 1)
Variable HDDS HFIAS
o Standard o Standard
Coefficient p-value Coefficient p-value
Error Error
Age -0.0045 0.008 0.577 0.0148 0.019 0.434
Education 0.0580 0.043 0.177 0.0140 0.071 0.844
Family Size 0.0353 0.029 0.220 0.0695 0.053 0.187
Household
0.0003 0.000026 | <0.001*** | -0.0005 0.000040 | <0.001***

Income
Farming Years 0.0242 0.012 0.037** -0.0125 0.020 0.533
Gender 0.1183 0.265 0.655 0.7723 0.452 0.087*
Marital Status -0.1000 0.200 0.616 0.3155 0.292 0.280
Employment 0.1367 0.121 0.257 0.7656 0.255 0.003***
Farm Size -1.4639 1.072 0.172 4.1886 1.472 0.004***
Access Distance | -0.0462 0.073 0.524 0.1086 0.115 0.346
Climate

) 0.2895 0.326 0.374 0.9675 0.804 0.229
Information
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Agricultural

o 0.4388 0.265 0.098* 0.2761 0.731 0.706
Training
Agricultural

-0.2362 0.290 0.416 0.3166 0.745 0.671

Group
Credit Access 0.1315 0.310 0.671 -0.4466 0.554 0.420
Extension

] -0.0821 0.253 0.745 0.7381 0.504 0.143
Services
Land Ownership | -0.0510 0.369 0.890 0.7063 0.935 0.450
Constant 1.608 0.836 0.055* 9.824 1.512 <0.001***
Model
Diagnostics
Observations 200 200
Log

o -839.83 -1021.11

pseudolikelihood

Note *, **, & *** show statistical significance at the 10%, 5% and 1% levels, respectively

Source: Survey data generated through Stata version 18 (2025)

6.10 Welfare effects among adopters (Regime 2)
6.10.1 The Household Dietary Diversity Score results

Household income was positive and statistically significant at the 1% level (p < 0.001) with a
coefficient of 0.0002. This indicates that each additional unit increase in income increases
dietary diversity scores by 0.0002 units among adopters. Santalucia and Sibhatu (2023) found
that adoption of CSAPs increases household dietary diversity among smallholders, supporting
the notion that CSAPs provide alternative pathways to nutrition security. Family size was
negative and statistically significant at the 1% level (p = 0.001) with a coefficient of -0.125.
This indicates that each additional household member reduces dietary diversity scores by 0.125
units among adopters. Okoronkwo et al. (2024) noted that the substantial household sizes serve
as a valuable labour reservoir for agricultural activities, but larger households often face
challenges in maintaining dietary quality. This finding reveals important resource dilution
effects where larger families struggle to maintain dietary quality despite CSAP adoption.
Climate information access was negative and statistically significant at the 5% level (p = 0.033)
with a coefficient of -0.627. This indicates that adopters with climate information access have
dietary diversity scores that are 0.627 units lower than those without such access. This

counterintuitive finding suggests that farmers may adopt CSAPs reactively in response to
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climate stress rather than proactively for improvement. Fagariba et al. (2018) noted that the
inadequacy, inaccuracy, and inconsistency of climatic information available to farmers pose

constraints in weather forecasting as an adaptation strategy.

Agricultural group was positive and statistically significant at the 10% level (p = 0.066) with a
coefficient of 0.8657. This means that being part of an agricultural group increases dietary
diversity scores by 0.8657 units compared to those not in agricultural groups. Ma and Zheng
(2023) demonstrated that agricultural cooperatives facilitate knowledge sharing about diverse
crop production systems, supporting the group membership benefit. Farm size was negative
and statistically significant at the 5% level (p = 0.040) with a coefficient of -0.821. This means
that each additional unit of farm size reduces dietary diversity scores by 0.821 units among
adopters. This result suggests that larger farms may face greater challenges in optimizing CSAP
benefits across expanded production areas. This is consistent with Ogada et al. (2020), who
found that larger farms may require more intensive management and higher input costs without
corresponding welfare improvements under conventional farming practices. Land ownership
was positive and significant at the 10% level (p = 0.071) with a coefficient of 0.6164. This
indicates that households with land ownership have dietary diversity scores that are 0.6164
units higher than households without land ownership among adopters. Ekesa et al. (2020) found
that land tenure insecurity reduced dietary diversity, while land policy reforms that strengthen
tenure security contribute positively to dietary diversity and improved food security in rural

communities.

6.10.2 Food security (The Household Food Insecurity Access Scale results)

Household income was negative and statistically significant at the 1% level (p < 0.001) with a
coefficient of -0.0004. This indicates that income reduces food insecurity among adopters,
though the effect is smaller than for non-adopters (-0.0005), suggesting CSAPs provide
alternative pathways to food security beyond income effects. Ahmed et al. (2023) found that
adoption of CSAPs had a positive impact on food and nutritional security status of rural
families. Employment was positive and significant at the 10% level (p = 0.072) with a
coefficient of 0.430. This indicates that employed adopters have food insecurity scores that are
0.430 units higher than unemployed adopters, showing a similar but smaller effect compared
to non-adopters. FAO (2024) reported that agricultural employment alone may not guarantee
food security, particularly where wages are low and employment is seasonal, supporting the

positive association between employment and food insecurity.
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These ESR results provide strong empirical validation for the RUT framework employed in
this study. The significant selection equation coefficients for land ownership, agricultural group
membership, and climate information access confirm RUT's core assumption that farmers
make systematic utility-maximizing decisions when adopting CSAPs. The different welfare
determinants across regimes (income and training for non-adopters vs. family size and group
membership for adopters) validate RUT's recognition that the same variables can have
heterogeneous effects depending on farmers' adoption status, reflecting different utility
functions across these groups.

Table 6.8 Endogenous Switching Regression results - Outcome equations for adopters

(Regime 2)
Variable HDDS HFIAS
o Standard o Standard
Coefficient p-value Coefficient p-value
Error Error
Age -0.0099 0.012 0.404 -0.0041 0.018 0.817
Education -0.0549 0.044 0.209 -0.0964 0.072 0.182
Family Size -0.1247 0.039 0.001*** 0.0441 0.053 0.403
Household
0.0002 0.000023 | <0.001*** -0.0004 0.000040 | <0.001***
Income
Farming Years 0.0174 0.018 0.344 0.0176 0.028 0.529
Gender 0.0441 0.289 0.879 0.1477 0.390 0.705
Marital Status -0.0211 0.201 0.916 0.0753 0.296 0.799
Employment 0.0073 0.143 0.959 0.4303 0.239 0.072*
Farm Size -0.8210 0.401 0.040** 0.0436 0.639 0.946
Access Distance -0.1469 0.107 0.170 0.1263 0.155 0.416
Climate
) -0.6271 0.294 0.033** -0.6167 0.600 0.304
Information
Agricultural
o -0.2050 0.393 0.602 -0.2517 0.535 0.638
Training
Agricultural
0.8657 0.471 0.066* 0.4391 0.753 0.560
Group
Credit Access -0.4346 0.363 0.231 -0.2135 0.563 0.704
Extension
) 0.3534 0.366 0.334 -0.4173 0.656 0.525
Services
Land Ownership 0.6164 0.342 0.071* -0.5865 0.593 0.323
Constant 8.671 1.118 <0.001*** 12.937 2.241 <0.001***
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Model
Diagnostics
Observations 178 178

Lo
J -839.83 -1021.11

pseudolikelihood

Note *, **, & *** show statistical significance at the 10%, 5% and 1% levels, respectively

Source: Survey data generated through Stata version 18 (2025)

3.11 Average treatment effect of climate-smart agriculture practices adoption on food
security

The estimates of the treatment effects of the adoption of CSAPs on food security are reported
in Table 6.9. The Average Treatment Effect on the Treated (ATT) measures the difference
between the food security outcomes of the adopters and what they would have achieved if they
had not adopted CSAPs. The Average Treatment Effect on the Untreated (ATU), on the other
hand, assesses the difference between the food security outcomes of non-adopters and their
counterfactuals if they had adopted CSAPs. The Average Treatment Effect (ATE) represents
the population-weighted average treatment effect, capturing the overall impact of CSAP
adoption across all farmers in the sample. The analysis used ESR to address selection bias and
examined two food security dimensions: food access security (HFIAS - lower scores indicate
better security) and dietary diversity (HDDS - higher scores indicate better quality) among

smallholder maize farmers in KZN Province.

Table 6.9 Average treatment effect of climate-smart agriculture practices adoption on food
security

Index | HFIAS HDDS
Estimate Etr(: t value | p-value Estimate Etr? t value | p-value
ATT |-1722 |0.107 |-16.14 | <0.001*** | 0.017 0.150 |0.11 0.912
ATU ]0.423 0.095 |4.45 <0.001*** | 3.035 0.140 | 21.68 | <0.001***
ATE |-0.587 [0.090 |-6.535 | <0.001*** | 1.613 0.129 | 1251 | <0.001***

Note *** show statistical significance at the 1% level

Source: Survey data generated through Stata version 18 (2025)

The HFIAS results reveal profound welfare improvements in food security access, with distinct
patterns between adopters and potential adopters. The ATT demonstrates that current CSAP
adopters experience a statistically significant 1.722-point reduction in food insecurity scores
compared to their counterfactual non-adoption scenario (t =-16.14, p <0.001). This substantial

improvement indicates that CSAPs effectively enhance food access and dramatically reduce
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household food insecurity among participating farmers. These findings align with recent
studies that report enhanced outcomes in food consumption when farmers adopt CSAPs
compared to non-adopters, with CSAPs playing a critical role in improving food security
among smallholder farmers (Khumalo et al., 2025). Similar evidence from Ethiopia shows that
CSAPs adopters demonstrate significantly higher resilience gains compared to non-adopters
(Berhanu et al., 2024). The ATU shows that current non-adopters would experience a
significant 0.423-point reduction in food insecurity if they adopted CSAPs (t = 4.45, p <0.001),
demonstrating substantial unrealized welfare potential among the 53% of farmers who have
not yet adopted CSAPs. Research from West Africa confirms positive associations between
CSAPs adoption and food consumption scores, demonstrating that CSAP adoption is beneficial
not only to current adopters but could potentially benefit non-adopters should they adopt (Tabe-
Ojong et al., 2023). The contrasting magnitudes between ATT (-1.722) and ATU (0.423) reveal
important treatment effect heterogeneity, indicating that current adopters derive substantially
greater food security benefits from CSAP adoption than potential adopters would. Studies
emphasize that heterogeneous characteristics of smallholder farmers, such as their level of
education and local knowledge, impact their engagement with CSAPs, allowing some but not

all farmers to build adaptive capacities (Finizola e Silva et al., 2024; Kassie et al., 2024).

The HDDS analysis provides the most striking evidence of treatment effect heterogeneity,
revealing dramatically different patterns between current adopters and potential adopters. The
ATT shows that current CSAP adopters experience only a minimal 0.017-point improvement
in dietary diversity (t = 0.11, p = 0.912), suggesting farmers who have already adopted CSAPs
gain little additional dietary diversity benefit from their current practices. In stark contrast, the
ATU reveals that current non-adopters would experience a substantial 3.035-point
improvement in dietary diversity if they adopted CSAPs (t = 21.68, p < 0.001). This represents
one of the largest treatment effects observed and indicates enormous unrealized potential for
dietary quality improvements among non-adopting farmers. Supporting evidence from
Ethiopia's Central Rift VValley shows that CSAP adopter households demonstrate higher dietary
diversity scores than non-adopters, with CSAPs adoption improving households' food security
across multiple dimensions (Ali et al., 2022). The observed heterogeneity patterns reveal
important insights about CSAP effectiveness and adoption dynamics. For food access
(HFIAS), current adopters benefit more than potential adopters would, suggesting that adopters
may possess complementary assets, skills, or resources that enhance the food security benefits

of CSAPs. Recent systematic reviews confirm that variables including education, land tenure
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security, access to extension services, agricultural training, and membership in farmers'
organizations consistently have positive impacts on CSAP adoption, explaining why some
farmers derive greater benefits (Kassie et al., 2024). For dietary diversity (HDDS), the opposite
pattern emerges, non-adopters show enormous potential gains while current adopters derive
minimal benefits. This suggests current adopters may have already achieved near-optimal
dietary diversity levels, or may have focused primarily on productivity gains rather than
diversifying production for dietary variety. Evidence from multiple African countries shows
that approximately 90% of farmers who adopted CSAPs reported positive results in terms of
improving food access and diversity, but with significant variation (8 to 88%) across different
CSAPs (Ariom et al., 2022).

The ESR results provide strong empirical validation for the RUT framework employed in this
study. The significant selection equation coefficients for land ownership, agricultural group
membership, climate information access, household income, and age confirm RUT's core
assumption that farmers make systematic utility-maximizing decisions when adopting CSAPs
rather than random choices. The contrasting welfare determinants across regimes (where
different factors influence outcomes for adopters versus non-adopters) validates RUT's
recognition that utility functions differ systematically between adoption groups. Furthermore,
the heterogeneous treatment effects observed, particularly the contrasting ATT and ATU
patterns for both HDDS and HFIAS outcomes, provide empirical evidence for RUT's premise
that adoption decisions reflect rational evaluation of expected net benefits. This theoretical
consistency strengthens confidence in the estimated welfare impacts and supports the

robustness of the ESR modelling approach.

6.12 Conclusion and recommendations

This study assessed the welfare effects of CSAPs on smallholder maize farmers in KZN,
employing an ESR model grounded in RUT to address selection bias concerns. The findings
reveal that 47.1% of farmers have adopted at least one CSAP, with significant welfare
disparities existing between adopters and non-adopters. Adopters demonstrate substantially
higher household dietary diversity and better food security status compared to their non-
adopting counterparts. The ESR model results reveal distinct welfare determinants across the
two regimes, with income, farming experience, and agricultural training significantly

influencing dietary diversity among non-adopters, while family size, climate information
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access, agricultural group membership, and farm size affect welfare outcomes among adopters.
The treatment effects analysis provides crucial insights, revealing that current adopters
experience meaningful food security improvements but minimal additional dietary diversity
gains, while non-adopters show enormous potential for dietary diversity enhancement if they
were to adopt CSAPs. These contrasting patterns indicate that current adoption may be
predominantly stress-driven rather than opportunity-driven, with farmers adopting practices in
response to crises rather than for proactive welfare enhancement. The heterogeneous welfare
effects demonstrate the complexity of CSAP impacts as context-dependent outcomes,
providing empirical validation for the RUT framework employed. The study reveals that
welfare effects of CSAPs vary significantly across farmer groups, with current adopters having
already achieved substantial food security benefits while non-adopters represent untapped
potential for comprehensive welfare enhancement through targeted interventions.

Based on the research findings, several targeted recommendations are proposed to enhance
welfare outcomes from CSAPs adoption among smallholder maize farmers. Enhanced
agricultural training programs should be developed and expanded, focusing on practical
demonstrations of welfare-enhancing practices, farmer field schools, and peer-learning
opportunities that emphasize not only technical implementation but also the pathways through
which CSAPs improve household nutrition and food security. Financial institutions and
government agencies should design accessible and affordable credit products specifically for
smallholder farmers, with flexible repayment terms aligned with harvest cycles and reduced
collateral requirements, enabling farmers to adopt CSAPs proactively rather than reactively
during crisis periods. Extension services should strengthen the communication of welfare
benefits from CSAPs through multiple channels, including mobile platforms, community radio,
and farmer groups, presenting evidence-based information on dietary diversity and food
security improvements in formats that are accessible to farmers with varying education levels.
Targeted support should be provided to current CSAPs adopters to help them optimize
implementation and maximize welfare benefits from their technology investments, including
intensive technical assistance, follow-up training, and resource support to address any
challenges they may be experiencing. Proactive outreach programs should prioritize stable,
non-adopting households who demonstrate greater potential for welfare gains, focusing on
demonstrating the food security and nutritional benefits of CSAPs rather than merely
promoting adoption for crisis response. Integrated approaches should promote complementary

CSAPs packages that maximize welfare benefits while providing guidance on sequencing

214



practices to optimize dietary diversity and food security outcomes for resource-constrained
farmers. These recommendations recognize that enhancing welfare through CSAPS requires
addressing both the optimization needs of current adopters and the untapped potential among
non-adopters, ultimately contributing to improved food security, dietary diversity, and

household well-being in climate-vulnerable farming communities.
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CHAPTER 7
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

7.1 Introduction

This chapter presents the summary and synthesis of the study. The chapter focuses on the key

results, conclusions and recommendations based on the study's aim and objectives.

7.2 Summary

Climate change significantly threatens agricultural systems in developing regions, particularly
for smallholder farmers who face increased vulnerability to shifting weather patterns, droughts,
and extreme weather events. In SSA, where agriculture serves as the economic backbone for
the majority of the population, climate variability and extreme weather events are already
disrupting traditional farming practices and exacerbating rural poverty and food insecurity.
Maize, which serves as a fundamental food crop throughout East and Southern Africa and
provides a substantial portion of dietary calories across SSA, exemplifies these vulnerabilities
due to its sensitivity to temperature variations and water stress. CSAPs offer promising
solutions to enhance resilience and productivity through practices such as drought-tolerant
varieties, conservation agriculture, rainwater harvesting, and crop diversification, yet their
adoption remains low among smallholder farmers. Despite documented potential for these
practices to significantly reduce yield losses during drought years and improve soil water
retention, adoption rates remain suboptimal across different provinces in South Africa. In KZN
Province, where this study was conducted, climate change impacts are particularly acute, with
rising temperatures, declining annual rainfall, and substantial estimated agricultural losses over

the past decade.

7.3 Study objectives

The overall objective of the study was to assess the perceptions, adoption decisions, and effects

of CSAPs on the livelihoods of smallholder maize farmers in KZN Province.

Specific objectives are as follows:

221



I. To examine the perceptions and attitudes toward CSAPs among smallholder
maize farmers

Il. To investigate the determinants of the decision to adopt and intensity of use of
CSAPs by smallholder maize farmers

I1l. To measure the economic benefits (maize production/farm income) and efficiency
of adopting CSAPs by smallholder maize farmers

IV. To assess the effect of CSAPs on the welfare (food security) of smallholder maize

farmers

This study employed a mixed-methods research approach using econometric models to analyse
the determinants, perceptions, welfare effects, and economic benefits of CSAPs adoption
among smallholder maize farmers in KZN Province, South Africa. A cross-sectional research
design was chosen for its time and cost-effectiveness, enabling the study to draw rational and
sound conclusions across multiple research objectives. Data were collected from 378
smallholder maize farmers within HGDM and UDM. A multi-stage sampling technique
combined purposive, random, and stratified sampling methods to ensure representativeness and

enhance generalisability of findings.

The study employed econometric models to address the research objectives systematically.
Descriptive statistics were used to characterize farmers' demographic and socioeconomic
profiles and assess CSAP adoption patterns. The Theory of Planned Behaviour framework
guided the analysis of farmers' perceptions and attitudes towards CSAPSs, with Tobit regression
models employed to analyse determinants of perception and attitude indices while controlling
for censored data characteristics. A double-hurdle approach was applied to examine both the
choice to adopt and the intensity of CSAP adoption, with a probit model examining initial
adoption decisions and a truncated regression analysing adoption intensity among existing
adopters. Gross margin analysis and stochastic production function analysis, anchored in
Production Theory, were used to measure direct economic benefits and technical efficiency
gains from CSAP adoption respectively. The endogenous switching regression model,
grounded in Random Utility Theory, was employed to assess welfare effects on household
dietary diversity and food security while addressing selection bias inherent in technology
adoption decisions.

This study significantly contributes to the CSAP literature by providing comprehensive

empirical evidence on multiple dimensions of CSAP adoption among smallholder maize
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farmers in a climate-vulnerable region. While existing literature often examines individual
aspects of CSAP adoption in isolation, this research provides integrated insights into how
farmer characteristics, institutional factors, and socioeconomic conditions collectively
influence adoption decisions, perceptions, welfare outcomes, and economic performance. The
study uniquely demonstrates the heterogeneous effects of CSAP adoption across different
farmer groups, revealing that current adopters experience significant food security
improvements but minimal dietary diversity gains, while non-adopters show enormous
unrealized potential for comprehensive welfare enhancement. The research further reveals
substantial economic benefits from CSAP adoption, with adopters achieving significant gross
margin improvements and technical efficiency gains, while identifying credit access,
education, and extension services as the most critical determinants of successful
implementation. Methodologically, the study integrates various econometric approaches
including, double-hurdle models, and stochastic frontier analysis to provide robust and
comprehensive assessment of CSAP adoption dynamics. This interdisciplinary approach
strengthens the study's empirical contributions, offering theoretical validation and practical
insights for policymakers, extension services, and development organizations working to
enhance agricultural resilience and food security in climate-vulnerable smallholder farming

systems across Sub-Saharan Africa.

7.4 Summary of the key primary findings and conclusion

This section presents key findings from 378 smallholder maize farmers in KZN Province across

four chapters.

7.4.1 Smallholder maize farmers' perceptions and attitudes towards climate-smart
agricultural practices in KwaZulu-Natal

Findings showed that smallholder maize farmers in KZN Province demonstrated a significant
divide between CSAPs adopters (47.1%) and non-adopters (52.9%), with adopters consistently
exhibiting more positive perceptions and attitudes across all measured variables. Despite high
awareness levels (80%) of CSAPs including drought-tolerant maize varieties, maize-legume
intercropping, rainwater harvesting, and crop diversification, substantial adoption gaps
persisted due to complex socioeconomic and psychological barriers. Age emerged as a
significant negative predictor of both perceptions and attitudes, indicating that younger farmers
were more receptive to CSAPs, while education level and household income showed strong

positive relationships with adoption, with income exhibiting particularly strong influence on
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farmer decision-making. Institutional factors proved critical as enablers, with access to
extension services, agricultural credit, climate information, and membership in farmer groups
all significantly enhancing farmers' perceptions and attitudes toward CSAPs. A striking finding
revealed that both adopters and non-adopters expressed similar reluctance to implement CSAPs
without financial support, highlighting economic constraints as the primary adoption barrier
regardless of psychological factors and underscoring the necessity of targeted subsidies and
microfinance mechanisms. Farmers demonstrated strong awareness of climate change impacts,
with 82% reporting decreased maize yields, 78% observing increased summer temperatures,
and 84% noting declining summer rainfall patterns over the past decade, providing a solid
foundation for CSAPs promotion despite the persistent awareness-action gap caused by

resource limitations and implementation challenges in smallholder farming systems.

7.4.2 The determinants of adoption and intensity of climate-smart agricultural practices
among smallholder maize farmers in KwaZulu-Natal

Findings showed that the double-hurdle analysis revealed distinct factors influencing initial
adoption decisions versus adoption intensity, validating the Technology Acceptance Model
framework's two-stage decision-making process. The first hurdle identified seven significant
adoption determinants: marital status, education, household income, access to climate
information, credit access, and agricultural training all positively influenced adoption, while
age demonstrated a negative effect. Married farmers showed higher adoption probabilities due
to enhanced household stability and resource pooling, while younger farmers proved more
receptive to CSAPs. Education and income emerged as critical enablers, with higher education
enhancing farmers' ability to comprehend CSAP benefits and increased income facilitating the
financial capacity to overcome initial investment barriers. Access to climate information,
agricultural credit, and specialized training significantly enhanced adoption likelihood by
addressing knowledge gaps, financial constraints, and technical implementation challenges.
The second hurdle revealed that agricultural training was the only factor significant in both
stages, highlighting its fundamental importance throughout the entire adoption process. Among
existing adopters, age positively influenced adoption intensity, suggesting that older farmers
who overcome initial barriers tend to implement multiple practices simultaneously. However,
family size, farming experience, and distance to farm all negatively affected adoption intensity,
indicating that larger households face greater resource pressures, experienced farmers exhibit
stronger attachment to traditional methods, and spatial constraints create practical

implementation challenges that discourage comprehensive CSAP adoption.

224



7.4.3 The economic benefits and efficiency of climate-smart agricultural practices
adoption by smallholder maize farmers in KwaZulu-Natal

Findings showed that the economic analysis revealed substantial benefits from CSAPs
adoption among smallholder maize farmers in KZN. Adopters experienced significant gross
margin improvements driven primarily by enhanced productivity and improved market access
while variable costs increased only modestly. The determinants analysis identified education
level, household income, and credit access as key factors influencing economic benefits, with
credit access demonstrating the largest magnitude effect. Extension services, agricultural
training, and climate information access also emerged as important institutional factors
enhancing CSAP economic returns. The Stochastic Production Function analysis revealed
remarkable improvements in technical efficiency following CSAP adoption, with all key
production inputs becoming more productive post-adoption. Fertilizer showed the most
pronounced increase in elasticity, suggesting that CSAPs enhanced nutrient use efficiency
through improved soil health and conservation practices. The inefficiency analysis
demonstrated that education, household income, credit access, extension services, training, and
climate information consistently reduced technical inefficiency, while age, household size, and
farming experience were positively associated with inefficiency, indicating challenges for
older farmers and larger households in optimizing CSAP implementation. Cost efficiency
distribution analysis showed meaningful improvements in farmer performance following
CSAP adoption.

7.4.4 Assessing the impact of climate-smart agricultural practices on Food Security
among smallholder maize farmers in KwaZulu-Natal

Findings showed that the Endogenous Switching Regression analysis revealed significant
welfare disparities between CSAPs adopters and non-adopters among smallholder maize
farmers in KZN Province. Adopters demonstrated substantially higher household dietary
diversity scores and better food security status, representing meaningful welfare improvements.
The selection equation identified six significant factors influencing CSAP adoption decisions:
income from maize sales, land ownership, agricultural group membership, and access to
climate information all positively influenced adoption, while age demonstrated negative
influence. The treatment effects analysis revealed contrasting welfare patterns between current
adopters and potential adopters. Current adopters experienced significant food security

improvements but showed minimal dietary diversity gains, while non-adopters demonstrated
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enormous unrealized potential for dietary diversity enhancement. These contrasting patterns
indicated that current adoption may be predominantly crisis-driven rather than opportunity-
driven, with farmers adopting practices reactively in response to food security challenges rather
than proactively for comprehensive welfare enhancement. The heterogeneous treatment effects
demonstrated that welfare benefits varied significantly across farmer groups, with current
adopters having achieved substantial food security gains while non-adopters represented

untapped potential for dietary quality improvements through targeted interventions.

7.5 Recommendations

Based on the study findings, the following policy recommendations are proposed to enhance

the adoption and effectiveness of CSAPs among smallholder maize farmers in KZN:

v" Enhancing access to agricultural credit is essential for supporting widespread CSAP
adoption among smallholder farmers. Policymakers should develop tailored financial
support mechanisms, including low-interest agricultural loans, grant programs, and
microfinance initiatives with flexible repayment terms aligned with harvest cycles.
Given that credit access demonstrated the largest magnitude effect on economic
benefits and adoption decisions across all studies, establishing reduced collateral
requirements and cooperative savings programs will be crucial for improving financial
inclusivity and enabling farmers to transition to climate-smart practices effectively.

v Improving extension services and technical support is crucial for ensuring farmers
access relevant knowledge and skills to implement CSAPs effectively. Policymakers
should strengthen investment in agricultural extension programs, including farmer
training workshops, field demonstrations, and digital advisory platforms. The studies
revealed that extension access significantly improved both adoption rates and economic
returns, making it essential to establish dedicated CSAP support centres and foster
collaborations between government agencies, research institutions, and farmer
associations to ensure comprehensive technical assistance is readily available for
bridging the knowledge-implementation gap.

v' Facilitating educational and training programs is necessary to build farmer capacity and
optimize CSAP implementation. Local governments should establish farmer field
schools emphasizing practical demonstrations and age-appropriate extension

methodologies that accommodate varying educational backgrounds through hands-on
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approaches rather than text-based methods. Given that education emerged as a
consistent positive determinant across all studies, specialized training programs should
integrate  peer-to-peer learning networks leveraging successful adopters as
demonstration farmers to maximize knowledge transfer effectiveness and build both
technical knowledge and implementation skills.

v Addressing gender-responsive interventions is vital for ensuring equitable access to
CSAPs among all farming communities. Policymakers should design targeted programs
addressing institutional barriers particularly affecting the 63% female agricultural
decision-makers who face greater constraints in accessing credit, extension services,
and training opportunities. Establishing women-focused agricultural groups, gender-
sensitive communication strategies, and dedicated support mechanisms will be essential
for creating inclusive agricultural development that maximizes the potential of all
farming households.

v’ Strengthening climate information and early warning systems is fundamental for
enabling informed CSAP decision-making. Government agencies should develop
localized weather forecasting and climate advisory services delivered through multiple
channels including mobile platforms, community radio, and farmer groups. Creating
digital advisory services that provide real-time guidance on CSAP implementation
timing and techniques is crucial, as the studies demonstrated that climate information
access significantly influenced both adoption decisions and economic outcomes,
making reliable and accessible climate services essential for farmer success.

v" Promoting institutional coordination and market development is necessary to create
sustainable economic opportunities and encourage comprehensive CSAP adoption.
Local governments should establish farmer cooperatives and marketing cooperatives
that help farmers capture premium prices for sustainably produced maize, while
developing quality input supply chains ensuring consistent access to improved seeds,
fertilizers, and equipment. Creating coordination mechanisms between government
agencies, NGOs, and private sector actors will ensure comprehensive and sustained

support for farming communities transitioning to CSAPs.

7.6 Limitations of the study

This study acknowledges several limitations that may affect the generalizability and scope of

findings. The cross-sectional design captures data at a single point in time, limiting the ability
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to establish causal relationships and observe long-term impacts of CSAP adoption on farmer
livelihoods. The study was geographically constrained to two districts within KZN Province,
which may limit the applicability of findings to other provinces or agro-ecological zones in
South Africa. The sample size of 378 farmers, while statistically adequate, may not fully
capture the heterogeneity of smallholder farming systems across the broader region. Self-
reported data on economic benefits and welfare outcomes may be subject to recall bias and
social desirability bias, particularly regarding income and food security measures. The study
focused on four specific CSAPs, potentially overlooking other relevant CSAPs that farmers
may be implementing. Additionally, the analysis did not fully account for seasonal variations

in agricultural performance.

7.7 Future research direction

Future research should employ longitudinal study designs to track CSAP adoption patterns and
their long-term impacts on farmer livelihoods, enabling better understanding of sustainability
and adaptation pathways over time. Expanding the geographical scope to include multiple
provinces and diverse agro-ecological zones would enhance the generalizability of findings
and enable comparative analysis across different farming contexts. Research should investigate
the adoption and effectiveness of additional CSAPs beyond the four practices examined in this
study, including agroforestry, integrated pest management, and precision agriculture
techniques. Studies should explore the role of emerging technologies such as digital advisory
services, mobile banking, and remote sensing in facilitating CSAP adoption among smallholder
farmers. Gender-differentiated analysis should be prioritized to better understand how CSAPs
affect male and female farmers differently and identify targeted intervention strategies. Future
research should also examine the environmental impacts of CSAP adoption, including
greenhouse gas emissions, soil health, and biodiversity conservation. Cost-benefit analysis
incorporating environmental externalities would provide more comprehensive economic
assessments. Additionally, research should investigate scaling mechanisms and institutional
innovations that could accelerate CSAP adoption rates while maintaining effectiveness and

sustainability across diverse smallholder farming communities.
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Appendix I: Survey Questionnaire

School of Agricultural, Earth and Environmental Sciences
College of Agricultural, Engineering, and Science
Household Survey Questionnaire:
Date of interview...................... Questionnaire number...............

Evaluation of Perceptions, Adoption Decisions, and Impact of Climate-Smart Agricultural Practices on Smallholder Maize Farmers’ Livelihoods in KwaZulu-
Natal Province. South Africa.

Dear participant

This research study is instituted by the University of KwaZulu-Natal under the auspices of the Discipline of Agricultural Economics. | am a PhD student at the
University of KwaZulu Natal, conducting a study on the ‘Evaluation of Perceptions, Adoption Decisions, and Impact of Climate-Smart Agricultural Practices
on Smallholder Maize Farmers’ Livelihoods in KwaZulu-Natal Province. Participating in the research will help me better understand and achieve the objectives
of the research. Your contribution to this research is voluntary, and should you wish to discontinue participation in the research, you may do so. High levels of
confidentiality will be observed in this study and your identity will remain anonymous. The data gathered by this tool will be used solely for the purpose of this

intended evaluation and nothing else. For any concerns, questions and/or further information please feel free to kindly contact the below mentioned.
Kind Regards,
Mnukwa M.L (N : Ce!!: )
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District Municipality ..........ccoovvviiiiiiinnann.n Local Municipality ...........ccocevenvnnnn.. Village ...o.oovvviiiiiiiiiieeeen,
SECTION A: DEMOGRAPHIC INFORMATION
Al.l Al.2 Al.3 AlA4 Al5 Al.6 Al.7 Al.8 Al9 Al1.10 Al.1ll
Gender Age of the | Years Family | Age Marital Source of Employment Total What is the total | How many
1: Male household | spent in size distribution | status income 0: Full-time household size of your farm? | years have
0: Female | head School. (actual of 1: Married, | 1: Social grant | 1: Part-time income (R) 0:<1ha you been
(actual (actual number) | household | 2: Single, 2: Maize sales | 2: Self-employed 1:1-2 ha farming
years) years) members. | 0: Otherwise | 3: Remittances | 3: Unemployed 2:>3 ha maize
(No. of 4: Salary (actual years)
Adults & 5: Other
kids)

SECTION B: TO EXAMINE THE PERCEPTIONS AND ATTITUDES TOWARD CSAPs AMONG SMALLHOLDER MAIZE
FARMERS.

B1.1 Are you aware of CSAPs? (0: No 1: Yes)
B1.2 If yes, how did you first learn about CSAPs (Select one or select all that apply).

0: Extension services | 1. Farmer cooperatives/meetings 2: Media (TV, radio, newspapers) | 3: Internet and social media | 4: Other (please specify)

B1.3 Select CSAPs you are familiar with. (Select one or select all that apply).

0: Drought-Tolerant 1: Maize-Legume Intercropping 2: Rainwater Harvesting 3: Crop Diversification: 4: Other (please specify)
Maize Varieties techniques
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B2.1 Please rate your agreement with the following statements:

0 = Strongly Disagree, 1 = Disagree, 2 = Neutral, 3 = Agree, 4 = Strongly Agree

Statement 0

Attitudes

I am willing to adopt CSAPs with or without financial support

I am eager to learn more about CSAPS

CSAPs are necessary for improving maize productivity

I receive personal satisfaction from applying CSAPs

CSAPs will increase my farm income

The use of any CSAPs makes me popular among my peers

My farmer friends who use CSAPs influence me to do the same

| feel motivated by extension agents to adopt CSAPS

I enjoy discussing about CSAPs currently promoted by the local
extension services

I have the skills necessary to implement CSAPs

Resources to implement CSAPs on my farm are available

CSAPs align well with my maize farming goals

Perceptions

CSAPs will improve my household's food security

CSAPs are effective in addressing the increased temperatures
we've experienced over the last 30 years

CSAPs can help manage the increasingly unpredictable rainfall
patterns we've been experiencing
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CSAPs are useful in mitigating the effects of more frequent
droughts

CSAPs can effectively help control the increased pest and disease
emergence in maize

CSAPs can reverse the trend of reduced maize productivity we've
seen in recent years

CSAPs reduce the cost of maize production

CSAPs increase soil fertility in maize fields

CSAPs reduce soil erosion in maize fields

CSAPs lead to reduced water usage in maize farming

CSAPs improve pest and disease management in maize

CSAPs preserve land quality for maize cultivation

CSAPs are environmentally friendly

CSAPs reduce the amount of chemical fertilizer needed for maize

B2.2 How would you describe your experience with the last CSAPs you’ve used and what are your overall perceptions & attitudes towards
implementing CSAPs on your farm?

0: Very Negative 1: Negative 2: Neutral 3: Positive 4: Very positive
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SECTION C: TO INVESTIGATE THE DETERMINANTS OF THE DECISION TO ADOPT AND INTENSITY OF USE OF CSAPs BY

SMALLHOLDER MAIZE FARMERS.

Cl1

Have you adopted
any CSAPs on
your maize farm?
0: No

1: Yes

C1.2

If yes, which
CSAPs you
have adopted?

C1.3

Please provide
any comments
about factors
that influenced
your choice to
adopt CSAPs?

Cl4

Can you describe
any specific
benefits or positive
outcomes you've
observed or expect

from adopting

CSAPs?

C1.5

Do you have access
to credit or loans for
farming activities?
0: No

1: Yes

C1.6
Were there any

government incentives
or support programs that
affected your choice to

adopt CSAPs?

C1.7

Farming maize
mainly for
selling or for
consumption?
0: No

1: Yes

2: Both

C1.8

Level of participation in
maize farming

0: Part-time

1: Full time

C2.1 What are the primary barriers or challenges you faced when considering the adoption of CSAPs?

C2.2 On a scale of 1-5, how significant are the following barriers to your adoption of CSAPs?

(1 = Not at all significant, 5 = Extremely significant)

Financial constraints

Lack of technical knowledge

Risk and uncertainty

Lack of visible benefits in the short term

Socio-Cultural Challenges
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C2.3 How likely are you to adopt or expand the use of CSAPs on your farm in the next 3-5 years?

0: Very unlikely

1: Somewhat unlikely

2: Neutral

3: Somewhat likely

4: Very likely

C2.4 To what extent have you adopted the following CSAPs on your farm? (Rate on a scale of 1 to 5, where 1 is not at all and 5 is fully adopted)

Drought-Tolerant Maize Varieties | Maize-Legume Intercropping Water harvesting techniques | Crop Diversification: Other (please specify)
C2.5 What percentage of your total maize farm area is under CSAPs? (0-100%)

0: 0-20% 1: 21-40% 2:41-60% 3: 61-80% 4: 81-100%
C2.6 For each CSAP you've adopted, how many consecutive growing seasons have you been using CSAPs?

0: 1 season 1: 2-3 seasons 2:4-5 seasons 3: 6-7 seasons 4: 8 or more seasons
C2.7 How many hours per week do you dedicate specifically to implementing and managing CSAPs?

0: 0-5 hours 1: 6-10 hours 2:11-15 hours 3: 16-20 hours 4: More than 20 hours

234




SECTION D: TO MEASURE THE ECONOMIC BENEFITS (MAIZE PRODUCTION/FARM INCOME) OF ADOPTING CSAPs BY
SMALLHOLDER MAIZE FARMERS.
D1.1 Production Inputs, Costs & Production Output before and after CSAPs adoption

Category Last Season Before CSAPs (Year: ) | Recent Season After CSAPs (Year: )

Area under maize (ha)

Maize yield (kg/ local unit)

Price per (kg)

A. Total maize revenue (Rand)

Variable Costs (Rand):

- Seeds

- Fertilizer

- Pesticides/Herbicides

- Hired labour (If Applicable)

- Tractor/Equipment hire (If Applicable)

- Transport and storage

B. Total Variable Costs

Gross Margin (A - B)

Additional Income (Rand)

Income from intercropped legumes (If Applicable) | N/A

Income from other crops diversified N/A

CSAPs Adopted: N/A o Drought-tolerant maize

0 Maize-legume intercrop

o Rainwater harvesting

o Crop diversification

o Other
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D2.1 How has your yield changed since adopting CSAPs? Decreased significantly/Decreased slightly/No change/Increased slightly/Increased
significantly

D2.2 How has your input use (e.g., fertilizer, water) changed since adopting CSAPs? Decreased significantly/Decreased slightly/No
change/Increased slightly/Increased significantly

D2.3 Have you noticed any change in the quality of your maize since adopting CSAPs? Yes/No, if yes, has this affected the price you receive?
Yes/No

D2.4 After adopting CSAPs, have you noticed fewer crop damages from bad weather like droughts or heavy rains? Yes/No. If yes, can you
estimate the value of crops saved? (local currency)

D2.5 What economic benefits have you experienced since adopting CSAPs? (Select all that apply) Increased income from maize sales/ Reduced
costs of inputs/ Higher market prices for better quality maize/ Diversification of income sources/ Improved financial stability/Other (please

specify)
D2.6 Have you been able to invest more in your farm (e.g., buying new equipment, expanding land) since adopting CSAPs?

D2.7 How would you rate the overall impact of CSAPs on your farm's profitability? Very negative/Somewhat negative/No impact/Somewhat
positive/Very positive

D2.8 How do you compare the costs and benefits of adopting CSAPSs on your farm?

0: Costs far outweigh the 1: Costs slightly outweigh 2: Costs and benefits are | 3: Benefits slightly outweigh the costs 4: Benefits far outweigh the

the benefits about the same costs
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SECTION E: TO ASSESS THE EFFECT OF CSAPs ON THE WELFARE (FOOD SECURITY) OF SMALLHOLDER MAIZE
FARMERS.

Food groups used for calculating the HDDS.

E1.1 Did you consume any of different foods mentioned? *(Recall period:24 hours)

Food groups Code 0/1
0: No
1: Yes

. Any bread, rice, or any other foods made from millet, sorghum, maize, wheat, or any other locally available grain

. Any potatoes, yams, cassava, or any other foods made from roots or tubers

. Any vegetables

. Any fruits

. Any beef, pork, lamb, rabbit, chicken, duck, other birds, and organ meats

. Any eggs

. Any fresh or dried fish, or shellfish

. Any foods made from beans, peas, and lentils

O 0O N o O B W N -

. Any yoghurt, milk, or milk products

10. Any food made with oil, fat or butter

11. Any sugar

12. Any food such as coffee or tea

*3-point scale (1-3 for low dietary diversity; 4-5 for medium dietary diversity, and 6 or more for high dietary diversity
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E1.2 Please answer the questions on the below table. (The Household Food Insecurity Access Scale (HFIAS) Generic Questions)

Occurrence Question 0: Never 1: Rarely 2: Sometimes 3: Often

In the past four weeks, did you worry that your household would not have enough
food?

In the past four weeks, were you or any household member not able to eat the kinds
of foods you preferred because of a lack of resources?

In the past four weeks, did you or any household member have to eat a limited variety
of foods due to a lack of resources?

In the past four weeks, did you or any household member have to eat some foods that
you really did not want to eat because of a lack of resources to obtain other types of
food?

In the past four weeks, did you or any household member have to eat a smaller meal

than you felt you needed because there was not enough food?

In the past four weeks, did you or any household member have to eat fewer meals in

a day because there was not enough food?

In the past four weeks, was there ever no food to eat of any kind in your household

because of lack of resources to get food?

In the past four weeks, did you or any household member go to sleep at night hungry
because there was not enough food?

In the past four weeks, did you or any household member go a whole day and night

without eating anything because there was not enough food?

*(Never);(Rarely-once or twice in the past 30 days); (Sometimes -three to ten times in the past 30 days) ;(Often-more than ten times in the past 30 days)

Thank you for your participation
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Minentle Lwando Mnukwa (222094769)
School of Agri Earth & Env Sc
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Dear ML Mnukwa,

Protocol reference number: HSSREC/00007887/2024

Project title: Evaluation of perceptions, adoption decisions, and impact of climate-smart agricultural practices on
smallholder maize farmers' livelihoods in KwaZulu-Natal province, South Africa

Degree: PhD

Approval Notification — Expedited Application

This letter serves to notify you that your application received on 18 October 2024 in connection with the above,
was reviewed by the Humanities and Social Sciences Research Ethics Committee (HSSREC) and the protocol has
been granted FULL APPROVAL.

Any alteration/s to the approved research protocol i.e. Questionnaire/Interview Schedule, Informed Consent
Form, Title of the Project, Location of the Study, Research Approach and Methods must be reviewed and
approved through the amendment/modification prior to its implementation. In case you have further queries,
please quote the above reference number.

PLEASE NOTE: Research data should be securely stored in the discipline/department for a period of 5 years.
Incidents of adverse events and serious adverse events (AEs and SAEs) should be reported in writing to HSSREC,

the study sponsors, and any regulatory authority (where appropriate), within 7 working days of the occurrence
for local sites and 14 days for all other South African sites.

This approval is valid until 01 November 2025.

To ensure uninterrupted approval of this study beyond the approval expiry date, a progress report must be
submitted to the Research Office on the appropriate form 2 - 3 months before the expiry date. A close-out report
to be submitted when study is finished.

HSSREC is registered with the South African National Health Research Ethics Council (REC-040414-040).

Yours sincerely,

Professor Dipane Hlalele (Chair)
/nng

Humanities and Social Sciences Research Ethics Committee
Postal Address: Private Bag X54001, Durban, 4000, South Africa
Telephone: +27 (0131 260 8350/4557/3587 Emall: hssrecukzn ac.za Website: hrtp fresearch ukan.ac za/Research-Ethics

Founding Campuses: - Edgewood W Howoed College Medical School - Pietermaritzburg - Westvile

INSPIRING GREATNESS
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