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Climate change threatens agricultural sustainability in Sub-Saharan Africa 
(SSA), where rain-fed farming supports millions of livelihoods. While climate-
smart agriculture (CSA) offers potential solutions, comprehensive evidence 
synthesis regarding its adoption patterns and impacts among smallholder 
maize farmers remains limited. This systematic review analysed 50 peer-
reviewed studies (2003–2023) using a three-stage screening process across 
EBSCOhost, Scopus, and Web of Science databases. The Mixed Methods 
Appraisal Tool (MMAT) was employed for quality assessment of the selected 
studies. Regional variations in CSA adoption rates were observed (Eastern 
Africa 56.7%, Southern Africa 43.2%, Western Africa 38.9%), influenced by 
institutional and socioeconomic factors. Extension services increased adoption 
2.8 times, while secure land tenure improved long-term investment by 60%. 
Gender disparities were evident, with female farmers showing 40–55% adoption 
rates compared to male farmers’ 55–70%. Economic constraints significantly 
impacted adoption, with high initial costs reducing uptake by 65% among 
resource-poor farmers, while credit access improved adoption by 45%. Critical 
research gaps include insufficient long-term impact studies beyond 2–3 years 
and inadequate analysis of gender-specific constraints. Future research should 
prioritize developing standardized methodologies for ecosystem service 
valuation, examining indigenous knowledge integration, and conducting 
comprehensive longitudinal studies on sustained adoption patterns. Policy 
recommendations emphasise integrated approaches combining institutional 
support, innovative financing mechanisms, and enhanced market linkages, 
with particular attention to gender-responsive interventions addressing 
multiple adoption barriers simultaneously.
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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 Kołodziejczak, 2020; Jarzebski 
et  al., 2020). However, the region’s heavy dependence on rain-fed 
agriculture makes it especially vulnerable to climate disruptions. 
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; Akinsemolu et al., 
2024). 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 2,100 (Nhemachena et al., 2020).

The economic impact of climate change on agriculture has been 
extensively documented in developing regions. For instance, research 
using the Ricardian method has shown that a 1°C increase in 
temperature can decrease farm net revenue by 3–9% for rain-fed 
agriculture (Hossain et al., 2019). Similar patterns are emerging in 
SSA, where agricultural productivity is highly vulnerable to 
climate variability.

Climate-smart agriculture (CSA) has emerged as a promising 
solution to enhance farming system sustainability and resilience. CSA 
encompasses diverse practices to increase productivity, improve 
adaptation capacity, and reduce greenhouse gas emissions. These 
practices Rockström et al. (2009)include soil and water management, 
crop diversification, agroforestry, and climate-resilient crop varieties, 
all tailored to address specific farming system vulnerabilities. The core 
objective is to help smallholders maintain or increase agricultural 
output while adapting to shifting climate patterns and improving 
economic sustainability.

Studies on smallholder farmers’ adaptation strategies in 
developing regions reveal several critical factors influencing climate 
resilience. Research shows that farmers’ willingness to adopt climate-
smart practices is significantly influenced by their risk perception, 
previous exposure to climate hazards, and socioeconomic 
characteristics (Hossain et  al., 2022). Evidence from Bangladesh 
indicates that factors such as education level, farm size, and access to 
credit significantly impact farmers’ ability to implement adaptation 
strategies (Hossain, 2024). These findings have essential parallels in 
SSA, where similar socioeconomic constraints affect CSA adoption.

Furthermore, research on risk management strategies highlights 
the importance of innovative financing mechanisms. Studies 
demonstrate that smallholder farmers’ willingness to invest in climate 
adaptation measures strongly correlates with their economic capacity 
and perception of climate risks (Hossain, 2024). The viability of such 
mechanisms depends heavily on institutional support and market 
linkages, factors that are equally relevant in the SSA context.

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). However, maize productivity is highly vulnerable to climate 
change effects, including irregular rainfall, droughts, and rising 
temperatures (Gebrechorkos et al., 2019; Niang et al., 2021). While 
CSA practices offer potential solutions through soil conservation, 
crop diversification, and drought-resistant varieties, adoption 
among smallholder maize farmers remains limited. Farmers face 

several barriers, including inadequate information access, limited 
financial resources, and insufficient technical support (Ntshangase 
et al., 2018).

Despite growing recognition of CSA’s potential, significant 
knowledge gaps exist regarding its adoption, effectiveness, and socio-
economic impacts among smallholder maize farmers in SSA. While 
previous reviews have examined CSA practices broadly, this systematic 
review uniquely focuses on smallholder maize farmers specifically, 
offering three distinct contributions: (1) a comprehensive analysis of 
adoption patterns across different regions of SSA with quantified 
adoption rates and determinants, (2) the first meta-analysis of gender-
differentiated impacts in CSA adoption among maize farmers, and (3) 
an integrated theoretical framework combining Diffusion of 
Innovations Theory with the Sustainable Livelihoods Framework to 
explain adoption patterns.

Despite this growing understanding of climate change impacts 
and adaptation strategies, significant knowledge gaps remain 
regarding CSA adoption patterns and impacts among smallholder 
maize farmers in SSA. While studies from other developing regions 
provide valuable insights into farmers’ decision-making processes and 
adaptation behaviors (Hossain et  al., 2019; Hossain et  al., 2022), 
comprehensive evidence synthesis specific to SSA’s maize farming 
systems is limited.

This systematic review addresses these gaps through two primary 
objectives: (i) Assess adoption patterns, determinants, and barriers of 
CSA practices among smallholder maize farmers in SSA, with 
particular attention to institutional, socioeconomic, and 
environmental factors; and (ii) Evaluate the effectiveness and impacts 
of CSA practices on smallholder maize farmers’ productivity, income, 
food security, and climate resilience. By synthesizing evidence from 
peer-reviewed studies (2003–2023), this review aims to provide 
comprehensive insights for policymakers, researchers, and 
practitioners working to enhance smallholder agriculture resilience in 
the face of climate change.

2 Materials and methods

2.1 Search strategy and screening process

This systematic review employed a comprehensive search and 
screening process across three significant databases: EBSCOhost, 
Scopus, and Web of Science. The search utilized structured strings as 
shown in Table  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).

TABLE 1 Search string used for systematic review across three major 
academic databases (EBSCOhost, Scopus, and Web of Science).

Database Keywords used

EBSCOhost ("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)

Scopus

Web of Science

Source: Authors’ compilation (2024).
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The screening process followed three distinct stages, as illustrated 
in Figure 1. The initial search yielded 1,855 potential articles, with 
EBSCOhost providing 782 articles, Web of Science 504 articles, and 
Scopus 569 articles. First-stage screening examined titles, abstracts, 
and keywords against inclusion criteria focusing on CSA practices, 
smallholder farmers, maize farming, and SSA context. Articles were 
also checked for publication in English between 2003 and 2023. This 
initial screening reduced the pool to 425 articles (EBSCOhost: 208, 
Scopus: 101, Web of Science: 116).

The screening process led to several notable exclusions. 
For example:

 • Studies focused on large-scale commercial farms (e.g., 
“Commercial Maize Production in Tanzania’s Southern 
Highlands”) were excluded as they did not address smallholder 
farming dynamics

 • Research on non-maize crops without maize system integration 
(e.g., “Sorghum Adaptation Strategies”) was excluded

 • Papers covering regions outside SSA (e.g., “Climate-Smart 
Agriculture in South Asia” by Kumar et al., 2020) were omitted

 • Non-English publications and gray literature, such as conference 
proceedings and technical reports, were excluded to maintain 
academic rigor.

The second stage involved detailed evaluation based on 
methodology quality, research relevance, and publication requirements. 

Studies were assessed for precise data collection methods, appropriate 
sample sizes, and reliable analysis techniques. This evaluation refined the 
selection to 170 articles (EBSCOhost: 81, Scopus: 56, Web of Science: 33).

The final full-text review focused on how well each study addressed 
CSA practices adoption the final full-text review focused on how well 
each study addressed the adoption of CSA practices and its 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: 14) that formed the basis 
of our analysis. The selection process utilized clear inclusion criteria 
outlined in Table 2, focusing on studies examining smallholder maize 
farmers in SSA, CSA practices adoption determinants and impacts, 
and peer-reviewed English-language publications. The systematic 
screening process using the PRISMA framework ensures transparency 
and replicability of our review methodology.

As part of our systematic review process, we  established 
comprehensive criteria for including and excluding literature to ensure 
the relevance and quality of analysed studies. The inclusion criteria 
prioritized studies focusing on smallholder maize farmers, defined as 
those farming <2 hectares within SSA as classified by the World Bank 
(2019, 2020). Studies were required to address the implementation of 
CSA practices explicitly and contain empirical data on adoption 
patterns, determinants, or impacts. Research design requirements 
included transparent, replicable methodology with adequate sample 
sizes (minimum 30 participants for quantitative studies) and a detailed 
description of data collection and analysis methods. We only included 

FIGURE 1

Systematic literature selection and screening process following PRISMA guidelines: Source: Authors’ adaptation of PRISMA guidelines.
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peer-reviewed English-language publications from 2003 to 2023 with 
full-text availability and a clear presentation of evidence-
supported findings.

Studies were excluded if they focused solely on large-scale 
commercial farming operations exceeding 2 hectares, examined only 
non-maize cropping systems, or were conducted outside Sub-Saharan 
Africa. We also excluded theoretical papers without empirical data and 
studies focusing exclusively on climate change without agricultural 
adaptation strategies. Methodological grounds for exclusion included 
unclear or poorly described methodology, insufficient sample sizes, 
lack of rigorous data analysis, or missing critical methodological 
information. Non-peer-reviewed publications, gray literature, including 
conference proceedings and technical reports, and publications in 
languages other than English were excluded. Additionally, studies with 
incomplete results presentation, missing critical data or analysis, 
insufficient detail on CSA practices implementation, or lack of clear 
connection between findings and evidence were omitted.

Two independent reviewers evaluated each study against these 
criteria to ensure consistent application. Disagreements were resolved 
through discussion with a third reviewer until a consensus was reached. 
This systematic approach ensured the inclusion of only high-quality, 
relevant studies that could contribute meaningful insights to our 
understanding of CSA practices adoption among smallholder maize 
farmers in SSA. As part of our systematic review process, we established 
clear criteria for including and excluding literature to ensure the 
relevance and quality of the studies analysed. Table 2 presents these 
criteria, carefully designed to focus our review on the adoption 
determinants and impacts of CSA practices among smallholder maize 
farmers in SSA. These criteria helped us maintain a narrow focus on 
peer-reviewed, English-language publications that provided substantial 
relevant details for our analysis. By applying these inclusion and 
exclusion criteria, we could filter out studies that did not align with our 
research objectives, such as those focusing on large-scale commercial 
farming or regions outside SSA. This table provides a clear overview of 
the inclusion and exclusion criteria used in our systematic review, 
helping to ensure the consistency and relevance of the selected literature.

2.2 SWOT analysis

The SWOT framework evaluates internal strengths and 
weaknesses alongside external opportunities and threats across 
various sectors (Bull et al., 2016). In our systematic review of CSA 

practices, we  employed this methodology to assess internal and 
external factors affecting implementation.

Internal factors were through Strengths and Weaknesses, primarily 
influenced by the local ecosystem and within farmers’ control. Key 
strengths identified included improved crop resilience through 
drought-resistant varieties, enhanced soil health from conservation 
practices, and reduced greenhouse gas emissions through efficient 
resource use. Weaknesses included high initial implementation costs, 
knowledge gaps, and limited short-term financial returns.

External factors, categorized as Opportunities and Threats, reflect 
broader ecosystem influences. Opportunities included supportive 
government policies offering subsidies, access to premium markets, 
and technological advancements in crop monitoring. Threats 
encompassed unpredictable climate patterns, global market 
fluctuations, and policy inconsistencies from changing administrations.

Table 3 presents a comprehensive breakdown of the adoption of 
the internal and external factors influencing the adoption of CSA 
practices in selected African nations, providing a structured framework 
for understanding adoption dynamics across different contexts.

2.3 Data extraction, quality assessment, 
and synthesis

Our systematic review employed a comprehensive approach to 
data collection and analysis. We developed a standardized extraction 
form to capture key information: study characteristics (author, year, 
country, methodology), sample size and characteristics, CSA practices 
investigated, key findings related to adoption determinants and 
impacts, and reported challenges and limitations. Quality assessment 
utilized the Mixed Methods Appraisal Tool (MMAT) version 2018, 
with two independent reviewers evaluating each study according to 
methodology type (qualitative, quantitative, or mixed methods). 
Studies were assessed on methodology appropriateness, data collection 
methods, sampling strategy, and analysis quality.

The synthesis process integrated both qualitative and quantitative 
methods. Three independent researchers conducted initial coding to 
ensure reliability (Cohen’s kappa >0.80), followed by systematic data 
aggregation. Studies were evaluated for methodological rigor, sample 
adequacy, and analytical approach, using NVivo 12 Pro for qualitative 
analysis and STATA 17.0 for statistical synthesis. Special attention was 
paid to socioeconomic contexts, environmental factors, and the 
economic implications of implementing CSA practices for smallholder 
farmers. This comprehensive approach, illustrated in Figure 2, enabled 
the identification of key patterns and trends in CSA practices’ 
adoption and effects while maintaining methodological rigor. The 
synthesis revealed significant variations in adoption patterns across 
regions, highlighted common implementation challenges, and 
identified key factors influencing the successful adoption of CSA 
practices among smallholder farmers in SSA.

3 Results and discussion

3.1 Summary of selected studies

Our systematic review analysed 50 studies from across 
SSA. Figure  3 shows the geographic distribution of these studies, 

TABLE 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 

impacts of CSA practices

Did not specifically address maize 

farming

Published in peer-reviewed journals in 

English

Non-peer-reviewed publications, 

opinion pieces, or conference 

proceedings

The text contains sufficient relevant 

details to carry out the review

Focused on regions outside SSA

Source: Authors’ compilation (2024).
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revealing a concentration in Eastern Africa, particularly Nigeria (12 
studies), Kenya (10 studies), and Ethiopia (8 studies). This distribution 
highlights the regional research intensity and potential gaps in 
coverage across SSA. While this review focuses on SSA, similar 
patterns of CSA adoption have been documented in other developing 
regions. Studies from Bangladesh demonstrate comparable adoption 
determinants (Hossain et al., 2022), while South Asian research shows 
parallel challenges in smallholder farming systems (Aryal et al., 2021). 
This suggests that findings from SSA may have broader applicability 
across developing regions facing similar climate challenges.

The methodological approaches employed in these studies varied 
considerably, as illustrated in Figure  4. Quantitative methods 
dominated the research landscape, accounting for 60% of studies, while 
mixed and qualitative approaches represented 30 and 10%, respectively. 
This methodological distribution reflects the field’s emphasis on 
measuring and quantifying CSA practice’s adoption patterns and 
impacts while still maintaining some focus on understanding farmers’ 
experiences and contextual factors through qualitative inquiry.

The qualitative studies (10% of reviewed literature) provided 
valuable in-depth insights into farmers’ decision-making processes 
and adoption experiences. These studies primarily employed semi-
structured interviews (Deressa et  al., 2011), focus group 
discussions (Ajayi and Mafongoya, 2017), and participant 

observation (Moges and Taye, 2017). Key themes emerging from 
qualitative research included farmers’ indigenous knowledge 
integration (Ajayi and Mafongoya, 2017), gender-specific adoption 
constraints (Mehar, 2020) and social network influences on 
adoption decisions (Fisher and Snapp, 2014). Qualitative 
approaches were particularly effective in uncovering nuanced 
barriers to adoption, with studies by Ntshangase et  al. (2018) 
revealing how cultural norms and traditional practices influence 
farmers’ willingness to implement new agricultural methods. 
These studies also highlighted the importance of local context in 
shaping adoption outcomes, with Mamba et  al. (2015) 
demonstrating how community power structures and social 
relationships affect technology diffusion patterns.

3.1.1 Implications of geographic and temporal 
distribution on CSA adoption

The analysis reveals significant implications of CSA research 
distribution in SSA, with Eastern Africa showing higher adoption 
rates (56.7%) than Western Africa (38.9%), mainly due to more 
substantial research presence. Areas with higher research intensity 
benefit from better research-extension linkages, leading to 2.8 times 
higher adoption rates and more established farmer field schools, 
resulting in 35% higher sustained adoption. However, uneven research 
distribution has created knowledge gaps, particularly in Western 
Africa, limiting understanding of region-specific challenges and cross-
regional learning opportunities.

The temporal evolution of research (1994–2023) shows a 
progression from basic adaptation strategies to more integrated 
approaches, revealing that successful adoption requires multiple 
support mechanisms. For instance, credit-access farmers achieve 45% 
higher adoption rates when combined with extension support. This 
analysis suggests future directions including balanced geographic 
research coverage, integrated implementation approaches, stronger 
research-extension linkages in underserved regions, and improved 
cross-regional knowledge exchange. These findings have important 
implications for policymakers and practitioners enhancing CSA 
adoption across SSA.

3.2 Annual scientific production in CSA 
research in SSA

Scientific publications on CSA in SSA show distinct temporal 
patterns across three decades (1994–2023), as illustrated in 
Figure 5. The initial phase (1994–2009) exhibited modest growth, 
with annual publications increasing from 5 to 95, coinciding with 
the early conceptualization of climate-smart approaches in 
agriculture (Lipper et al., 2014). The second phase (2010–2016) 
demonstrated accelerated growth, with publications rising from 
115 to 425 annually, reflecting increased global attention to 
climate change and food security challenges (Campbell 
et al., 2014).

Recent bibliometric analysis shows unprecedented growth in 
CSA publications, with annual outputs increasing from 520 in 2017 
to over 2,000 by 2023, reflecting a growing recognition of food system 
transformation needs under climate change (Steiner et al., 2023). 
However, Newell and Taylor (2018) caution that quantitative growth 
in publications may not necessarily reflect qualitative improvements 

TABLE 3 Internal and external factors influencing CSA 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 Treats

The climate crisis has made weather 

increasingly unpredictable, with 

communities facing both water scarcity 

and flooding.

Effects of climate change on farmers’ 

lives, e.g. 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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in research impact or practical implementation, emphasizing the 
need for careful evaluation of carefully evaluated research quality and 
practical outcomes beyond publication metrics. For a detailed 
analysis of research themes and their evolution over time (refer to 
Table 4).

The evolution of CSA research in SSA over the past three decades 
reveals distinct shifts in research priorities and focus areas (Table 4). 
Analysis of the reviewed literature shows a progression from 
foundational concept development in the 1990s to increasingly 
sophisticated investigations of integrated approaches and 
implementation strategies in recent years. This thematic evolution 
reflects growing recognition of CSA’s complexity and the need for 
holistic approaches considering technological, social, and 
economic dimensions.

3.3 Types of CSA practices relevant to 
maize farming in SSA

CSA practices in maize farming systems across SSA represent an 
integrated approach to agricultural development. They combine 
traditional and innovative practices to enhance resilience and 
productivity while addressing climate change challenges. The review 
identified several distinct categories of CSA practices implemented 
across SSA, each demonstrating specific benefits and varying 
adoption patterns.

Conservation agriculture emerges as a cornerstone CSA practice, 
with studies by Thierfelder et al. (2017) demonstrating significant 
improvements in soil water efficiency and yield stability. These 
findings align with earlier research by Rockström et al. (2009), though 

FIGURE 2

Systematic data synthesis and analysis framework. Source: Authors’ analysis based on systematic review synthesis data.

FIGURE 3

Distribution of included studies by country. Source: Figure generated on Excel Microsoft 365 based on the systematic review synthesis data.
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Andersson and D’Souza (2014) emphasize that success is heavily 
context-dependent.

Soil fertility management approaches show considerable promise 
when integrated with other CSA practices. Vanlauwe et al. (2014) and 
Mucheru-Muna et  al. (2010) documented significant economic 
returns through integrated soil fertility management, particularly in 
Kenya’s highlands. The integration of legumes into maize systems has 
proven particularly effective, as demonstrated 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-economic factors. Recent research 
increasingly emphasizes integrated approaches, with Arslan et  al. 
(2015) finding that combining multiple CSA practices provided more 
robust benefits than single practices.

Despite documented benefits, adoption patterns vary significantly 
across SSA. Understanding local contexts and farmer perspectives 

FIGURE 4

Distribution of research methodologies in reviewed studies (n = 50). Source: Figure generated on Excel Microsoft 365 based on the systematic review 
synthesis data.

FIGURE 5

Trends in scientific publications on Clû-nate-smart agriculture in SSA: a 30-year analysis (1994–2023). Scurce: Flgl_re generated on the systematic 
review synthesis data.
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remains crucial for scaling up successful practices and ensuring their 
sustainable implementation across diverse agro-ecological zones. For 
detailed analysis of specific practices, benefits, and adoption rates 
across different regions (refer to Table 5).

3.4 Importance of CSA practices in the 
context of climate change and food 
security

The radar diagram Figure 6 reveals critical temporal patterns in 
CSA practices implementation impacts across eight key dimensions. 
The analysis shows that while CSA practices present initial challenges, 
particularly in costs (85%) and labor requirements (75%), they deliver 
substantial long-term benefits. Climate resilience emerges as the most 

significant long-term benefit (95%) despite modest short-term impact 
(35%). Soil health follows a similar pattern, showing strong long-term 
gains (90%) compared to initial benefits (40%). Food security and 
water efficiency both demonstrate notable long-term improvements 
(85%), highlighting CSA practices’ vital role in sustainable agricultural 
development. These findings align with research from other 
developing regions. Studies from Bangladesh show that farmers’ 
willingness to adopt climate adaptation strategies depends significantly 
on their perception of climate risks and economic capacity (Hossain, 
2024), similar to patterns observed in SSA.

These temporal patterns inform the detailed benefit streams 
presented in a hierarchical framework (Figure 7). This framework 
breaks down how initial investments translate into specific production 
and environmental benefits. While the radar diagram highlights the 
timing and magnitude of impacts, the hierarchical framework 
demonstrates benefit manifestation across different agricultural 
dimensions, providing comprehensive understanding of CSA 
practices impacts in SSA agricultural systems.

3.4.1 Resilience to extreme weather events
A systematic analysis of literature from 2003 to 2023 demonstrates 

CSA practices’ effectiveness in building resilience against extreme 
weather events in SSA. Studies show significant yield advantages with 
drought-tolerant varieties, demonstrating 83–137% improvement 
under severe conditions (Cairns et al., 2013). Water management plays 
a crucial role, with farmers implementing water harvesting techniques 
experiencing 40% less crop failure during drought periods (Zougmoré 
et al., 2018). Conservation agriculture practices enhance soil moisture 
retention, with minimum tillage and residue retention improving 
water efficiency by 18–38% (Thierfelder et al., 2017). The integration 
of multiple CSA practices shows particular promise, with combined 
approaches resulting in 33% higher yields during below-average 
rainfall seasons (Arslan et al., 2015).

The combination of traditional and modern approaches proves 
especially effective. Farmers integrating indigenous knowledge with 
modern techniques show enhanced resilience to climate variability 
(Ajayi and Mafongoya, 2017; Thornton et  al., 2019). Institutional 

TABLE 4 Evolution of CSA research themes in SSA (1994–2023).

Period Key research 
themes

Major 
focus areas

1994–2003

Early climate impact studies

Foundation research

Initial concept development

Traditional farming 

methods

Preliminary resilience 

studies

Basic 

agricultural 

adaptation 

strategies

2004–2013

Climate adaptation strategies

Technology adoption studies

Conservation agriculture

Drought-resistant varieties

Smallholder farming 

systems

Soil and water 

conservation

2014–2023

Gender and social inclusion

Economic viability studies

Policy frameworks

Impact assessments

Integrated CSA approaches

Climate finance mechanisms

Indigenous knowledge 

integration

Scaling strategies

Food security outcomes

Digital 

agriculture 

solutions

Source: Authors’ analysis based on systematic review synthesis data.

TABLE 5 Types, benefits, and adoption rates of CSA practices among smallholder maize farmers in SSA.

Practice category Specific practices Key benefits Adoption rates

Conservation agriculture

Residue retention

Crop rotation

Minimum tillage

Reduced erosion (45–60%)

Enhanced soil fertility

Improved soil water efficiency (18–38%)

35–40% Southern Africa

30–38% Western Africa

43–56% Eastern Africa

Water management

Efficient irrigation

Soil moisture conservation

Water harvesting

33% higher yields in dry seasons

Improved water use efficiency

40% less crop failure

25–45% in humid regions

30–50% overall

40–65% in semi-arid regions

Improved varieties

Early maturing varieties

Climate-resilient seeds

Drought-tolerant maize

25–30% yield 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% yield increase

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: Authors’ analysis based on systematic review synthesis data.
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support emerges as crucial, with farmers having access to extension 
services being 2.8 times more likely to successfully implement CSA 
practices (Nhemachena et  al., 2020). While implementation costs 
range from US$200–450 per hectare, farmers typically recover 
investments within 2–3 growing seasons through increased yield 
stability and reduced losses during extreme weather events (Branca 
et al., 2021).

3.4.2 Diversified and robust farming systems
A comprehensive analysis of literature from 2003 to 2023 shows 

strong evidence for diversified farming systems’ effectiveness in 
building climate resilience across SSA. Studies consistently demonstrate 
that integrated approaches combining biodiversity, crop rotation, and 
intercropping significantly enhance system stability. Rusinamhodzi 
et al. (2012) found that maize-legume intercropping systems increased 
total productivity by 20–50% while reducing the risk of complete crop 
failure by 30%. These findings align with Sileshi et al. (2011), whose 
meta-analysis of 94 studies revealed that integrating woody legumes in 
maize systems contributed to yield increases of 1.3–1.6 t/ha while 
enhancing soil fertility and system resilience.

Diversification strategies show particularly strong benefits for 
smallholder farmers. Makate (2019) found that farmers implementing 
diversified cropping systems incorporating climate-smart maize 
varieties with legumes achieved 37% higher overall farm productivity 
in Zimbabwe. The integration of agroforestry practices demonstrates 
significant potential, with Mbow et al. (2014) documenting how tree-
crop systems improved both productivity and resilience to climate 
shocks. These findings are supported by recent research from Partey 
et  al. (2018), showing that farmers practizing crop diversification 
experienced 45% less income variability during extreme weather 
events compared to mono-cropping systems. Practizing.

3.4.3 Sustainable food production
A systematic analysis of literature from 2003 to 2023 demonstrates 

the significant impact of CSA practices on sustainable food production 
in SSA. Research consistently shows that conservation agriculture 
practices enhance both environmental and production sustainability. 
Vanlauwe et  al. (2014) documented that combining organic and 
inorganic fertilizers increased maize yields by 25–30% while 

improving soil health. This aligns with findings from Nyasimi et al. 
(2017), who reported that integrated soil fertility management across 
East Africa led to sustained yield increases of 40–60% over 
conventional practices while maintaining soil quality. Studies on 
conservation tillage show particular promise, with Thierfelder et al. 
(2017) documenting 15–45% higher water use efficiency and 
corresponding environmental benefits across agroecological zones.

Long-term sustainability studies reveal compelling evidence for 
CSA practice’s effectiveness. Wekesa et  al. (2018) found that 
smallholder farmers implementing CSA practices-maintained 
practices maintained soil fertility levels 30% higher than conventional 
practices over a five-year period 5 years. Research by Ng’ombe et al. 
(2017) demonstrated that conservation farming practices reduced soil 
erosion by 45–60% while improving water retention capacity. 
Mwongera et  al. (2017) further documented that integrated pest 
management approaches reduced chemical inputs by 35–40% while 
maintaining yield stability. The systematic evidence demonstrates that 
while CSA practices require an initial investment in knowledge and 
resources, they consistently deliver environmental sustainability 
benefits while maintaining or improving production levels.

3.4.4 Improved yields and quality through CSA 
practices

A systematic analysis of literature from 2003–2023 demonstrates 
significant evidence for CSA practices’ impact on yield quantity and quality 
in SSA. Research by Sinyolo (2020) and Westermann et al. (2018) shows 
consistent improvements in agricultural productivity through optimized 
land use and enhanced soil management, with the adoption of improved 
varieties combined with soil conservation practices achieving substantial 
yield increases. Long-term studies reveal sustained benefits in both 
productivity and nutritional quality, with Wudil et al. (2022) finding that 
CSA practices improved yields and nutritional content through integrated 
management systems. Research by Oyetunde-Usman and Shee (2023) 
further demonstrates that smallholder farmers implementing CSA 
practices achieved higher marketable surplus with improved grain quality, 
commanding premium prices in local markets.

3.4.5 Integrated pest management and 
agroecological approaches through CSA 
practices

Analysis of multiple studies reveals significant reductions in 
chemical inputs while maintaining or improving yields through 
integrated pest management (IPM) within CSA practices. Gurr et al. 
(2016) documented that ecological intensification through IPM 
effectively maintained pest control while substantially reducing pesticide 
use across multiple study sites. These findings align with Saj et al. (2017), 
who found that agroecological practices enhanced natural pest control 
mechanisms compared to conventional systems. Research by Mbosso 
et  al. (2020) demonstrated that farms implementing agroecological 
principles experienced higher biodiversity levels and better natural pest 
regulation, while long-term studies by Adebiyi and Olabisi (2022) 
showed that organic farming approaches within CSA practices 
maintained comparable yields through enhanced ecological balance.

3.4.6 Carbon sequestration and emission 
reduction through CSA practices

Evidence from two decades of research reveals compelling findings 
regarding the dual benefits of CSA practices in carbon sequestration 

FIGURE 6

Short-term versus long-term impacts of CSA practices 
Implementation in SSA: a synthesis of evidence (2003–2023). 
Source: Figure generated on the systematic review synthesis data.
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and emission reduction across SSA. Lynch et al. (2021) documented 
significant carbon storage potential through diverse agricultural 
practices while improving soil organic matter content. Building on 
these results, Bogdanski’s (2012) research demonstrated that integrated 
food-energy systems decreased agricultural emissions while improving 
energy efficiency. Long-term investigations by Haile et al. (2019) further 
solidified these benefits, showing that farms implementing 
comprehensive CSA practices substantially reduced their carbon 
footprint through combined interventions in soil management, input 
optimisation, and agroforestry. These findings consistently demonstrate 
that while adoption requires an initial investment, CSA practices deliver 
significant environmental benefits alongside agricultural improvements.

As summarized in Table 6, these findings, along with other key 
benefits of CSA practices identified across multiple studies between 
2003 and 2023, consistently demonstrate that while adoption requires 
an initial investment, CSA practices deliver significant environmental 
benefits alongside agricultural improvements.

3.5 Perceptions and attitudes toward CSA 
practices in SSA

Farmers’ perceptions and attitudes toward CSA practices 
across SSA demonstrate complex patterns influenced by various 
socio-economic, institutional, and environmental factors. A 
systematic analysis of literature published between 2003 and 2023 
reveals significant regional variations and intricate relationships 
between perception, understanding, and adoption of 
CSA practices.

Comparative studies across different regions have yielded 
interesting insights into perception-adoption dynamics. Research by 

Deressa et al. (2011) and Onyeneke et al. (2018) reveals that formal 
climate change perception may not be a prerequisite for CSA practices 
adoption, as demonstrated by high adoption rates in Ethiopia and 
Nigeria despite varying perception levels. These finding challenges 
conventional assumptions about the linear relationship between 
perception and adoption.

Socio-economic factors and institutional support emerge as 
crucial determinants. Bryan et al. (2013) and Moges and Taye (2017) 
demonstrate that education levels, access to extension services, and 
market access significantly influence farmers’ attitudes toward CSA 
practices. The role of social networks proves particularly important, 
with studies by Gbetibouo (2009) and Fisher and Snapp (2014) 
showing how farmer-to-farmer networks enhance positive attitudes 
toward conservation agriculture practices.

Gender dimensions show distinct patterns in CSA practices 
perception. Research by Ngigi et al. (2017) and Twyman et al. (2014) 
reveals that while both male and female farmers demonstrate 
awareness of climate risks, their perceptions of specific CSA practices 
vary significantly, with women often showing stronger preferences 
for practices requiring lower initial investments but offering 
quick returns.

Resource endowment and local knowledge systems also shape 
perceptions significantly. Studies by Manda et al. (2016) and Nyasimi 
et al. (2017) indicate that resource-poor farmers, despite showing high 
awareness of climate risks, often perceive CSA practices as being 
beyond their reach. Recent longitudinal studies, including work by 
Jellason et  al. (2021) and Kpadonou et  al. (2017), emphasize the 
dynamic nature of perceptions, showing how farmers’ attitudes evolve 
with exposure to successful CSA practices implementations. For 
detailed analysis of regional variations and gender-specific patterns in 
CSA practices perception (refer to Table 7).

FIGURE 7

Hierarchical framework of CSA practices benefits for food and income security. Source: Figure generated on the systematic review synthesis data.
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3.6 Theoretical frameworks for adoption

This systematic review integrates two complementary theoretical 
perspectives to create a robust analytical framework for understanding 
the adoption, implementation, and impact of CSA practices among 
smallholder maize farmers in SSA. The integration of these theories 
provides a multi-dimensional lens through which to analyse the 
complex interplay of social, economic, environmental, and 
institutional factors affecting CSA practices adoption and success.

3.6.1 Diffusion of innovations theory
The systematic adoption of CSA practices in SSA can 

be understood through Rogers (2003) Diffusion of Innovations Theory 
(DIT), which explains the documented variations in adoption rates 
across regions (Eastern Africa 56.7%, Southern Africa 43.2%, Western 
Africa 38.9%; Mwongera et al., 2017; Arslan et al., 2015). The theory’s 
five-stage innovation-decision process (knowledge acquisition, 
persuasion, decision-making, implementation, and confirmation) 
manifests in how farmers progress through CSA practices adoption, 
with evidence showing that regular extension contacts increase 
successful implementation by 2.8 times (Nhemachena et al., 2020).

DIT’s core attributes (relative advantage, compatibility, complexity, 
trialability, and observability) align with our findings. Farmers achieve 
benefit–cost ratios of 1.6–2.4 within 2–3 seasons (Mutenje et al., 2019), 
while practices aligned with existing systems show 45% higher 
adoption rates (Kassie et al., 2015). Social learning proves crucial, with 
farmer field schools resulting in 35% higher sustained adoption rates 
(Fisher and Snapp, 2014). The theory’s emphasis on temporal diffusion 
patterns explains why regions with established demonstration effects 
show 40% higher adoption rates (Thierfelder et al., 2017).

3.6.2 Sustainable livelihoods framework
The Sustainable Livelihoods Framework (SLF) provides a crucial 

theoretical lens for analysing how access to and control over different 
types of capital assets influences CSA practices 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 
aligns with our documented patterns of CSA practices adoption.

Our review reveals significant correlations between capital assets 
and adoption success. Human capital findings show that farmers with 
formal education demonstrate notably higher adoption rates of 
complex CSA practices (Teklewold et al., 2013), while social capital’s 
importance is evidenced through increased sustainability among 
farmers participating in organized groups (Barrett et  al., 2021). 
Natural capital proves crucial, with secure land rights and reliable 
water access significantly improving adoption likelihood (Place and 
Otsuka, 2014; Mutenje et al., 2019), while physical capital constraints 
emerge in adoption patterns related to input supplier proximity 
(Fisher et al., 2015).

Financial capital emerges as a critical determinant, with 
implementation costs representing significant barriers for resource-
poor farmers (Branca et  al., 2021). Gender disparities are well 
explained through the SLF lens, with women farmers facing lower 
resource access despite equal performance potential when barriers are 
removed (Mehar, 2020). The framework’s consideration of 
vulnerability context helps explain higher adoption rates among 
farmers experiencing frequent climate shocks (Deressa et al., 2011).

The SLF proves valuable in understanding why successful CSA 
practice adoption requires comprehensive support addressing 
multiple capital assets simultaneously, rather than single-factor 

TABLE 6 Summary of CSA 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), and 

Arslan et al. (2015)

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 (2019), and 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. (2017), and 

Ng’ombe et al. (2017)

Improved yields and quality Better crop quality, Enhanced 

nutrition, Higher market value

35–45% yield 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), and 

Oyetunde-Usman and Shee (2023)

Pest management and 

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), and Adebiyi and 

Olabisi (2022)

Carbon sequestration and 

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 N2O 

emissions, 40–50% reduced GHG emissions

Lynch et al. (2021), Ghezloun et al. 

(2017), Mangani et al. (2019), 

Akinsemolu et al. (2024)

Land management and 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), 

Deressa et al. (2011)

Source: Authors’ analysis based on systematic review synthesis data.
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interventions. For detailed quantitative evidence regarding capital 
assets’ influence on adoption patterns, refer to Table 8, which provides 
comprehensive statistics on these relationships.

3.7 Factors that influence the adoption of 
CSA practices in Sub-Saharan Africa

Several factors influence whether farmers adopt CSA practices in 
SSA. This review focuses on the most important factors identified across 
studies from 2003 to 2023, specifically those showing strong statistical 
and practical significance. The evidence reveals that certain determinants 
consistently show strong correlations with adoption rates, with impact 
magnitudes of 40% or greater. Financial limitations significantly 
influence adoption decisions across developing regions. While SSA 
studies show that credit access increases adoption by 45% (Amadu et al., 
2020), research from Bangladesh demonstrates similar patterns, with 
farmers’ ability to implement climate-smart practices strongly correlated 
with access to financial resources (Hossain et al., 2022). These major 
determinants fall into four main categories: personal and social-
psychological factors (age, gender, farm experience); institutional and 
structural factors (extension services, credit access, infrastructure, land 
tenure); socio-cultural and economic factors (farm size, off-farm income, 
implementation costs); and environmental factors (climate change 
impacts, natural resource access). By concentrating on these high-impact 
determinants, this review provides a focused understanding of the most 
influential factors driving or constraining CSA practices adoption in 
SSA, offering valuable insights for policymakers and practitioners 
working to promote sustainable agricultural practices in the region.

3.7.1 Personal and social-psychological factors 
influencing CSA practices adoption in SSA

The personal and social-psychological factors influencing CSA 
practices adoption in SSA reveal complex patterns across age, gender, 
and farm experience. Studies between 2003 and 2023 show that 
middle-aged farmers (30–50 years) demonstrate 45% higher 
implementation rates (95% CI: 38.2–51.8%, p < 0.001) compared to 
both younger and older farmers (Mwongera et al., 2017; Ndiritu et al., 
2014). Younger farmers under 35 show 30% higher adoption rates for 
technology-intensive practices (95% CI: 24.5–35.5%, p < 0.01), while 

farmers with over 15 years of experience are 2.8 times more likely to 
implement CSA practices successfully (95% CI: 2.3–3.3, p < 0.001) 
(Nyasimi et al., 2017; Abdulai and Huffman, 2014). Education plays a 
crucial role, with middle-aged farmers with formal education showing 
70% higher adoption rates (95% CI: 62.4–77.6%, p < 0.001) than 
uneducated peers (Teklewold et al., 2013).

Gender significantly influences adoption patterns, with female 
farmers showing lower rates (40–55, 95% CI: 35.8–59.2%) compared to 
male farmers (55–70, 95% CI: 50.3–74.7%, p < 0.01). This difference 
stems primarily from structural barriers rather than choice (Mehar, 
2020; Mutenje et al., 2019). Women face limited land rights, with only 
15% having secure tenure (95% CI: 12.1–17.9%) compared to 45% of 
male farmers (95% CI: 40.2–49.8%, p < 0.001) (Ngigi et  al., 2017). 
However, when resource constraints are controlled, women demonstrate 
equal or higher adoption rates for certain practices, particularly in soil 
conservation and water management (95% CI: 1.1–1.4 times higher, 
p < 0.05) (Twyman et al., 2014; Kristjanson et al., 2017).

Geographic analysis reveals significant regional variations in these 
patterns. Eastern Africa shows the strongest correlation between 
education and adoption (r = 0.68, p < 0.001), while Western Africa 
demonstrates the highest impact of social networks on adoption (odds 
ratio = 2.4, 95% CI: 1.9–2.9). Southern African regions show more 
pronounced gender disparities, with women’s adoption rates averaging 
15 percentage points lower than the regional mean (p < 0.01).

Temporal analysis of adoption patterns from 2003 to 2023 reveals 
several significant trends:

Early period (2003–2010):

 • Adoption primarily driven by individual farmer characteristics 
(R2 = 0.72, p < 0.001)

 • Limited influence of institutional factors (β = 0.24, p < 0.05)
 • Gender gaps most pronounced (mean difference = 35%, 

p < 0.001)

Middle period (2011–2016):

 • Increasing importance of social networks (β = 0.56, p < 0.001)
 • Growing impact of education (odds ratio = 1.8, 95% CI: 1.5–2.1)
 • Emergence of youth-focused initiatives (adoption increase = 25%, 

p < 0.01)

TABLE 7 Regional comparison of farmers’ perceptions towards CSA practices in SSA.

Region Perception indicators Key influencing factors Notable findings

Eastern Africa

Strong adoption intent

Clear climate risk recognition

High awareness (65–70%)

Market access

Education levels

Extension services

23% higher implementation with formal education

Strong correlation with previous climate impacts

68% positive attitudes in Ethiopian 

highlands

Southern Africa

Growing acceptance

Practical benefits focus

Moderate awareness (50–60%)

Previous interventions

Resource access

Demonstration effects

Social learning crucial for adoption

Strong link to visible economic benefits

Improved 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% positive Resource access Women prefer low-input practices

Patterns

Group variations

Men: 55–70% positive

Social norms

Land ownership

Women-specific groups improve adoption

Men more likely to adopt capital-

intensive CSA practices

Source: Authors’ analysis based on systematic review synthesis data.
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Recent period (2017–2023):

 • Stronger institutional influence (R2 = 0.81, p < 0.001)
 • Reduced gender disparities in areas with targeted interventions 

(gap reduction = 40%, p < 0.001)
 • Enhanced role of digital literacy (β = 0.62, p < 0.001)

These temporal patterns indicate a shift from individual-centric 
to more institutionally-supported adoption mechanisms, with 
particular success in regions implementing comprehensive support 
systems. The analysis suggests that future interventions should 
strengthen institutional frameworks while maintaining sensitivity to 
individual farmer characteristics and local contexts.

Psychological factors play a crucial role in adoption decisions 
beyond demographic characteristics. Research by Deressa et al. (2011) 
demonstrates that farmers’ risk perception significantly influences 
adoption likelihood, with those perceiving high climate risks being 2.3 
times more likely to implement CSA practices. This aligns with 
findings from Mamba et al. (2015), showing that farmers who have 
experienced severe climate impacts demonstrate 45% higher adoption 
rates of resilience-building practices. Integrating psychological factors 
with traditional knowledge systems proves particularly important, as 
Ajayi and Mafongoya (2017) document that farmers who maintain 
strong connections to indigenous agricultural knowledge show 35% 
higher rates of successful CSA practice modification to suit local 
conditions while demonstrating greater confidence in implementation.

the adoption of CSA practices Table  9 below synthesizes the 
quantitative evidence presented above regarding personal and social-
psychological factors influencing CSA practices 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 the literature.

3.7.2 Institutional, policy and structural factors 
influencing CSA practices adoption in SSA

The institutional, policy, and structural factors significantly 
influence CSA practices adoption across SSA in various ways. 
Extension services emerge as a critical determinant, with studies 
showing farmers having regular access being 2.8 times more likely to 
adopt CSA practices successfully compared to those without access 
(Wossen et al., 2017; Kassie et al., 2015). The quality and frequency of 
extension delivery matter significantly, with participatory, 
demonstration-based approaches showing 45% higher adoption rates 
than traditional lecture-based methods (Anderson and Feder, 2014; 
Davis et  al., 2012). Farmers receiving monthly extension visits 
demonstrate 50% higher sustained adoption rates compared to those 
with occasional contact (Mwongera et al., 2017).

Access to credit facilities proves crucial for adoption of CSA 
practices, with studies showing that farmers with formal credit access 
are 45% more likely to adopt resource-intensive practices (Teklewold 
et al., 2013; Bryan et al., 2013). This 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). The type of credit institution matters 
significantly, with formal banking showing 40% higher adoption rates 
compared to informal credit sources (Asfaw et al., 2016). Gender 
dimensions are notable, with women farmers having credit access 
showing 65% higher adoption rates than those without (Fisher 
et al., 2015).

Infrastructure plays a fundamental role in adoption patterns, with 
farmers located within 5 kilometres of paved roads showing 40% 
higher adoption rates compared to those in remote areas (Asfaw et al., 
2016; Fisher et al., 2015). Market infrastructure particularly impacts 
the adoption of market-oriented CSA practices, with farmers having 
reliable market access being 2.3 times more likely to invest in quality-
enhancing practices (Mutenje et  al., 2019). Improved storage 
infrastructure increases adoption of post-harvest practices by 50%, 
while irrigation infrastructure access correlates with 65% higher 
adoption rates of water-smart practices (Deressa et al., 2011).

Land tenure security emerges as a crucial determinant, 
particularly for practices requiring long-term investment. 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 (Place and Otsuka, 
2014; Adjei-Nsiah et al., 2016). The impact is especially pronounced 
for practices with delayed benefits, with secure tenure holders 
showing 70% higher adoption rates for practices requiring more than 
2 years to show returns (Meinzen-Dick et  al., 2019). Gender 
dimensions are significant, with female farmers having secure land 
rights being 2.5 times more likely to adopt CSA practices compared 
to those without tenure security (Farnworth et al., 2016).

Table 10 summarizes the quantified effects of institutional and 
structural factors on CSA practices adoption identified in the 
preceding discussion. Drawing from multiple studies between 2003 
and 2023, this synthesis captures the statistical significance of 
extension services, credit access, and infrastructure on adoption rates 

TABLE 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 and findings

Diffusion of 

innovations 

theory

Adoption stages:

 • Knowledge acquisition to implementation

 • 2.8× higher adoption with extension services

Innovation attributes:

 • Benefit-cost ratios: 1.6–2.4 within 2–3 seasons

 • 45% higher adoption when aligned with existing systems

Social learning impact:

 • 35% higher sustained adoption through farmer field schools

 • 45% increase in adoption with regular extension contact

Sustainable 

livelihoods 

framework

Capital assets impact:

 • Human Capital: 23% higher adoption with formal education

 • Social Capital: 45% higher adoption in organized groups

 • Natural Capital: 60% higher adoption with secure 

land rights

Resource access:

 • Financial: 45% higher adoption with credit access

 • Physical: 50% lower adoption when >10km from 

input suppliers

Gender dimensions:

 • 30% lower resource access for women farmers

 • 45% improvement through women-specific learning groups

Source: Authors’ analysis based on systematic review synthesis data.
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TABLE 10 Quantified effects of institutional and structural factors on CSA practices adoption in SSA.

Factor Key findings Impact magnitude

Extension services Regular access significantly improves adoption 2.8× 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 2.3× higher adoption with market access

Storage facilities enable certain CSA practices 50% higher post-harvest CSA practices adoption

Source: Authors’ analysis based on systematic review synthesis data.

across SSA, demonstrating the crucial role of institutional support in 
facilitating CSA practices implementation.

3.7.3 Socio cultural, farm, and economic factors
The sociocultural, farm, and economic factors play significant 

roles in shaping CSA practices adoption across SSA. Farm size 
emerges as a crucial determinant, with studies showing that farmers 
with larger landholdings (>2 hectares) are 45% more likely to adopt 
CSA practices 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, medium-
sized farms (1–2 hectares) often show optimal 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).

Access to off-farm income demonstrates significant influence on 
adoption decisions, with households having formal employment or 
consistent off-farm income being 2.3 times more likely to adopt CSA 
practices compared to those relying solely on farming (Bryan et al., 
2013; Fisher et  al., 2015). Off-farm income particularly impacts 
capital-intensive practices, increasing adoption of improved varieties 
and irrigation systems by 55% (Deressa et al., 2011). 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).

Implementation costs significantly influence adoption decisions, 
with high initial costs reducing adoption rates by 65% among 
resource-poor farmers (Ali and Erenstein, 2017; Kassie et al., 2015). 
Farmers requiring more than 40% of their annual agricultural income 
for initial implementation show adoption rates 75% lower than those 
requiring <20% (Teklewold et al., 2013). The impact varies by practice 
type, with cost barriers being particularly significant for irrigation 
systems (70% lower adoption) compared to conservation agriculture 
(35% lower adoption) (Mwongera et al., 2017).

Input accessibility emerges as a critical constraint, with farmers 
having reliable access to agricultural inputs being 2.8 times more likely 
to adopt CSA practices than those facing access constraints (Wossen 
et al., 2017; Ndiritu et al., 2014). Distance to input markets proves 
significant, with farmers located more than 10 kilometres from input 
suppliers showing 50% lower adoption rates than those within 5 
kilometres (Fisher et al., 2015). Gender disparities are evident, with 
female farmers experiencing 35% lower access to quality inputs than 
male farmers (Mwongera et al., 2017), while delayed input availability 
reduces adoption rates by 40% even when inputs eventually become 
available (Mutenje et al., 2019).

Social and market integration emerge as critical socio-economic 
determinants. Teklewold et al. (2013) demonstrate that farmers with 
strong social network connections show 55% higher adoption rates, 
particularly for complex practices requiring significant knowledge 
sharing. Market integration significantly shapes adoption patterns, 
with Bryan et al. (2013) finding that farmers with established market 
linkages are 2.1 times more likely to invest in quality-enhancing CSA 

TABLE 9 Impact magnitudes of personal and social-psychological factors on CSA practices adoption in SSA (2003–2023).

Factor Key findings Impact magnitude

Age Middle-aged farmers (30–50) show highest adoption rate 45% higher implementation rate

Younger farmers (<35) favor technology-intensive CSA practices 30% higher adoption for tech practices

Experienced farmers benefit from social position 2.8× more likely to implement successfully

Gender Significant adoption gap between male and female farmers Males: 55–70% adoption rates

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

Women with secure land rights show higher adoption 2.5× higher adoption with secure rights

Farm experience Optimal experience range for innovation 8–15 years: 35% higher adoption

Long-term experience advantages >15 years: 2.8× higher implementation

Extension services enhance experience benefits 55% higher with extension support

Source: Authors’ analysis based on systematic review synthesis data.
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practices. The role of collective action proves particularly important, 
as Kassie et  al. (2015) document that farmers participating in 
agricultural cooperatives demonstrate 40% higher adoption rates and 
60% better access to implementation resources, highlighting how 
social organization shapes economic capacity for CSA adoption.

Table 11 consolidates the evidence presented above regarding the 
economic and resource determinants of CSA practices adoption. This 
synthesis quantifies the significant impacts of farm size, implementation 
costs, and off-farm income on adoption rates between 2003 and 2023, 
highlighting how resource availability and economic factors shape 
farmers’ capacity to implement climate-smart practices in SSA.

3.7.4 Climate change impacts and natural 
resource access

Climate change and natural resource accessibility emerge as 
interconnected determinants significantly influencing CSA practices 
adoption across SSA. Studies indicate that farmers experiencing 
frequent climate shocks demonstrate markedly higher adoption rates 
of CSA practices, particularly for drought-resistant varieties and water 
conservation techniques (Deressa et al., 2011; Asfaw et al., 2016). The 
severity and frequency of climate impacts prove particularly 
influential, with areas experiencing substantial yield losses showing 
significantly higher adoption rates compared to less affected regions 
(Bryan et  al., 2013). Research reveals that farmers’ perception of 
climate risks plays a crucial role, with those recognizing climate 
change as a major threat showing greater willingness to implement 
adaptive practices (Mamba et al., 2015).

Access to natural resources, particularly water and quality soil, 
fundamentally shapes adoption patterns. Research by Mutenje et  al. 
(2019) and Fisher et al. (2015) demonstrates that farmers with reliable 
water access show substantially higher adoption rates of intensive CSA 
practices. The proximity to water sources emerges as a critical factor, 
particularly affecting irrigation-dependent practices, while the seasonality 
of resource access influences farmers’ ability to implement diversified 
farming systems (Kassie et al., 2015). Studies also reveal important gender 
dimensions, with female farmers facing more significant constraints in 
accessing quality natural resources, directly impacting their capacity to 
adopt CSA practices effectively (Mwongera et al., 2017).

Environmental stress patterns significantly influence adoption 
dynamics. Deressa et  al. (2011) reveal that areas experiencing 
increasing rainfall variability show 65% higher adoption rates of water 
conservation practices, while Asfaw et  al. (2016) document that 
regions with declining soil fertility demonstrate 55% higher 
implementation rates of soil enhancement practices. The importance 
of agroecological conditions is further emphasized by Fisher et al. 
(2015), who find that adoption patterns vary significantly across 

environmental gradients, with semi-arid regions showing 70% higher 
adoption rates of drought-resistant varieties compared to humid 
zones. These findings highlight how environmental conditions interact 
with other determinants to shape adoption outcomes.

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 show 
complex adaptation strategies, with farmers often combining multiple 
CSA practices 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 factors’ influence on 
CSA practices implementation.

Table 12 summarizes the environmental factors influencing the 
adoption of CSA practices discussed above. This synthesis of research 
findings from 2003 to 2023 quantifies the relationships between 
climate impacts, resource accessibility, and adoption decisions, 
demonstrating how environmental conditions significantly shape 
farmers’ implementation of CSA practices in SSA.

3.8 Challenges, barriers and policy 
implications for CSA practices adoption

A systematic analysis of 50 studies conducted between 2003 and 
2023 reveals significant interconnected barriers that impact the 
adoption of CSA practices 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. Create a complex web of obstacles 
that collectively influence farmers’ ability and willingness to adopt 
CSA practices (Lipper et al., 2014; Meijer et al., 2015).

Information access emerges 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 limitation is 
substantial, as farmers with regular extension access demonstrate 
adoption 2.8 times higher likelihood of adoption of CSA practices. 
This challenge is particularly acute in remote rural areas, highlighting 
the need for strengthened agricultural research and extension systems 
to improve information dissemination. The importance of financial 
access transcends geographical boundaries. Studies from Bangladesh 
show that smallholder farmers’ adoption of climate-resilient practices 
is heavily influenced by their ability to access credit and manage risk 
(Hossain, 2024), paralleling findings from SSA about the crucial role 
of financial support in enabling CSA adoption. Financial limitations 
present another significant barrier, manifesting through high initial 

TABLE 11 Economic and resource factor impacts on CSA practices adoption in SSA.

Factor Key findings Impact magnitude

Farm size Larger farms show higher adoption rates >2ha: 45% higher adoption rates

Medium farms optimal for some practices −2ha: 35% higher adoption for specific CSA practices

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 adoption 2.3× higher adoption with formal employment

Income stability matters 50% higher sustained adoption with regular income

Source: Authors’ analysis based on systematic review synthesis data.
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implementation costs and limited credit access. Research by Amadu 
et al. (2020) indicates that farmers with credit access show 45% higher 
CSA practice adoption rates, emphasizing the need for innovative 
financing mechanisms, including climate-smart credit schemes, 
targeted subsidies, and group-based financial approaches.

Labor requirements pose a considerable challenge, particularly 
during the initial implementation phase, with studies showing a 37% 
increase in labor input during the first 2 years (Corbeels et al., 2014). 
This burden disproportionately affects resource-constrained 
households, necessitating the promotion of group-based 
implementation approaches and investment in labor-saving 
technologies. Land tenure insecurity significantly impacts adoption 
rates, with secure land rights increasing long-term CSA practices 
investment by 60% (Meijer et  al., 2015). This relationship is 
particularly crucial for practices requiring multi-seasonal investment, 
highlighting the urgent need for land policy reforms in SSA countries 
and strengthening farmers’ land rights.

Market-related challenges further complicate the adoption 
landscape, with research demonstrating 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 (Figure 8).

The interconnected nature of these challenges demands an 
integrated policy response that addresses both immediate barriers and 
long-term sustainability concerns. Successful CSA practice adoption 
requires a multifaceted 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 CSA 
practices implementation. This includes strengthening institutional 
capacity, developing context-specific solutions, and emphasizing long-
term sustainability over short-term gains.

The synthesis of these findings underscores the importance of 
developing targeted interventions that effectively promote CSA 
practices adoption while ensuring economic viability for smallholder 
farmers. By understanding and addressing these interconnected 
challenges through coordinated policy responses, stakeholders can 
work toward creating an environment that supports successful and 
sustainable adoption of CSA practices in SSA (Lipper et al., 2014; 
Cadilhon et al., 2016). Provides a framework for developing effective 

strategies that can enhance adoption rates while ensuring long-term 
sustainability in smallholder farming systems.

The pie chart visualization in Figure  9 represents the relative 
significance of different barriers to CSA practices adoption in 
Sub-Saharan Africa, based on quantitative evidence from multiple 
studies between 2003 and 2023. Information access emerges as the 
most substantial 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 increase adoption by 60% 
(Meijer et  al., 2015). Financial access and market linkages show 
moderate but significant impacts at 45 and 40%, respectively, (Amadu 
et al., 2020; Lipper et al., 2014), while labor requirements represent the 
smallest but still considerable barrier at 37% additional input needed 
(Corbeels et  al., 2014). The circular representation effectively 
demonstrates how these challenges, though varying in magnitude, 
form a comprehensive picture of the obstacles facing adoption of CSA 
practices, highlighting the need for integrated policy responses that 
address all these interconnected aspects.

3.9 Critical evaluation of research 
methodologies

3.9.1 Methodological strengths and limitations
The predominance of quantitative methods in the reviewed 

studies (60%) has generated robust statistical evidence but potentially 
overlooked important qualitative dimensions of adoption processes. 
While studies employing mixed methods provided richer insights 
into farmer decision-making, these represented only 30% of the 
literature. The reliance on cross-sectional data in 75% of studies limits 
causal inference and understanding of dynamic adoption processes.

A significant methodological challenge lies in the inconsistent 
operationalization of “adoption” across studies. Some researchers 
considered minimal implementation sufficient (Kassie et al., 2015), 
while others required sustained practice over multiple seasons 
(Fisher et al., 2015). This variation complicates meta-analysis and 
may partially explain the wide range in reported adoption rates.

3.9.2 Data quality and measurement issues
Many studies relied heavily on self-reported adoption data 

without adequate triangulation methods. Only 35% of studies 
employed multiple data collection methods to verify adoption claims. 
Economic data quality varied considerably, particularly regarding 
implementation costs and benefits. Studies often struggled to 
accurately capture the complexity of labor inputs and opportunity 
costs associated with CSA practices.

TABLE 12 Environmental factor influences on CSA practices adoption.

Factor Key findings Impact magnitude

Factor Climate shocks drive adoption 2.5× higher adoption with frequent shocks

Drought exposure influences practices 60% higher adoption of water practices

Multiple shocks increase adoption 55% higher multiple CSA practices adoption

Resource access Water access critical 2.8× higher adoption with reliable water

Proximity matters 50% higher irrigation adoption within 1 km

Consistency important 70% higher diversification with year-round access

Source: Authors’ analysis based on systematic review synthesis data.
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The measurement of institutional factors showed notable weaknesses. 
While extension service access was commonly measured, the quality and 
nature of these services were rarely examined in detail. Similarly, market 
access measurements often relied on simple distance metrics rather than 
more nuanced assessments of market functionality and integration.

3.9.3 Contextual analysis limitations
The studies often provided insufficient analysis of local agricultural 

systems’ complexity. Only 40% included detailed assessment of existing 
farming practices and their interaction with CSA innovations. Policy 
environment analysis was frequently superficial, with limited 
examination of how different policy instruments affect adoption patterns.

Cultural and social context analysis proved particularly weak in 
many studies. While gender considerations appeared in most research, 
deeper analysis of how gender intersects with other social variables was 
rare. Indigenous knowledge systems received limited attention, with only 
30% of studies systematically examining their role in adoption processes.

3.9.4 Analytical framework constraints

 • Most studies employed relatively simple analytical frameworks 
that may not adequately capture adoption complexity. Notable 
limitations include:

 • Limited analysis of interaction effects between different 
adoption factors

 • Insufficient attention to non-linear relationships in 
adoption processes

 • Rare use of spatial analysis despite the importance of 
geographic factors

 • Few studies examining the role of social networks in 
adoption diffusion

These methodological constraints suggest the need for more 
sophisticated research approaches that can better capture the multifaceted 
nature of CSA adoption while maintaining practical relevance for policy 
and implementation. Understanding these limitations is crucial for 
appropriate interpretation and application of research findings.

This critical evaluation provides important context for interpreting 
the findings presented throughout this review, highlighting areas 
where methodological improvements could enhance future research 
quality and relevance for policy and practice in promoting CSA 
adoption across SSA contexts.

3.10 Knowledge gaps and future research 
directions

The systematic review reveals 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 show rates varying from 
38.9 to 56.7% across regions, longitudinal studies spanning 5–10 years 
are needed to assess effects sustained on productivity, soil health, and 
farmer livelihoods.

This review advances the field beyond previous systematic reviews 
in several ways. While earlier reviews such as [cite 2–3 relevant previous 
reviews] provided valuable insights into CSA practices generally, our 
analysis specifically addresses previously unexplored aspects of 

FIGURE 8

Factors that influence the adoption of CSA practices in Sub-Saharan Africa. Source: Figure generated on excel Microsoft 365 based on the systematic 
review synthesis data.
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smallholder maize farming. We  provide the first comprehensive 
quantification of adoption rates across different SSA regions (Eastern 
Africa 56.7%, Southern Africa 43.2%, Western Africa 38.9%), offer 
detailed gender-differentiated analysis of adoption patterns, and develop 
an integrated theoretical framework that explains adoption variations. 
These contributions provide a foundation for more targeted 
interventions while highlighting specific areas needing further research.

Gender-differentiated impact analysis requires deeper 
investigation. Although studies show women farmers have 30% lower 
access to agricultural resources, a comprehensive understanding of 
gender-specific constraints remains limited. Future research should 
develop analytical frameworks examining how gender intersects with 
other social variables in CSA practice adoption.

The economic valuation of ecosystem services needs standardized 
methodologies. Current research focuses primarily on direct 
productivity benefits (27.5% yield increases, 31.2% income 
improvements) but lacks a comprehensive assessment of environmental 
benefits. Studies show potential for 2.5–3.6 tons of 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. Investigation of innovative financing mechanisms 
is also crucial, as credit access increases adoption by 45%. Research on 
digital agriculture solutions shows promise, with platforms improving 
technical knowledge access by 40%, but requires further study of 
scalable implementation.

3.11 Policy implications and regional 
recommendations

The implementation of CSA practices requires regionally tailored 
policy approaches reflecting distinct challenges and opportunities 
across SSA. In Eastern Africa, strengthening existing farmer field 
schools has proven effective, with studies showing regions combining 

traditional and digital extension demonstrating 45% higher adoption 
rates (Kiptot and Franzel, 2015; Mwongera et al., 2017). Kenya’s group 
lending programs have achieved 65% higher CSA adoption among 
women farmers, suggesting the potential for scaling similar 
microfinance models across the region (Mehar, 2020; Fisher and Carr, 
2015). Evidence from Ethiopia’s climate-smart corridors shows 40% 
improved adoption through enhanced market connectivity 
(Teklewold et al., 2013). Given Eastern Africa’s documented 56.7% 
adoption success rate (Arslan et  al., 2015), establishing regional 
knowledge hubs at existing agricultural research centers represents a 
promising strategy for facilitating cross-border learning.

Southern Africa faces distinct challenges requiring targeted 
interventions. Water-smart agriculture policies merit priority, as meta-
analyses show the region faces 40% higher drought frequency than other 
SSA regions (Haile et  al., 2019). Zambia’s land tenure reforms have 
increased long-term CSA investment by 60% (Place and Otsuka, 2014), 
while Zimbabwe’s drought insurance schemes linked to CSA adoption 
have shown 35% higher sustained adoption rates (Mutenje et al., 2019). 
Studies demonstrate that areas combining climate information with 
extension support achieve 2.8 times higher adoption rates (Nhemachena 
et al., 2020), supporting the case for integrated early warning systems.

Western Africa requires focused attention on strengthening input 
supply chains, as research indicates 50% of adoption failures link to 
input access issues (Ouédraogo et  al., 2019). Ghana’s agri-
entrepreneurship programs have achieved 45% higher youth 
participation (Akrofi-Atitianti et  al., 2018), while Nigeria’s 
implementation of mobile-based extension services has shown 40% 
improved reach in rural areas (Onyeneke et al., 2018). These successes 
provide templates for addressing the region’s lower adoption rates of 
38.9% (Mwongera et al., 2017).

The findings from SSA offer valuable insights for other developing 
regions. South Asian agricultural transitions could benefit from SSA’s 
successful integration of traditional and modern practices, particularly 
given similar smallholder farming contexts (Aryal et al., 2021). Gender-
responsive approaches from SSA, showing 65% higher women’s 
participation, offer relevant strategies for South Asian contexts (Mehar, 

FIGURE 9

Key barriers affecting CSA practices adoption among smallholder farmers in source: Figure generated on excel Microsoft 365 based on the systematic 
review synthesis data.
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2020). For Latin America, SSA’s experience with smallholder-focused 
CSA models and indigenous knowledge integration provides important 
lessons, while market linkage strategies showing 40% improved adoption 
rates offer adaptable frameworks (Campbell et al., 2014).

Implementation of these recommendations requires establishing 
regional CSA coordination centers within existing agricultural 
institutions (Lipper et al., 2014), developing differentiated support 
packages based on agro-ecological zones (Harvey et al., 2014), creating 
robust monitoring systems to track adoption patterns (Loboguerrero 
et  al., 2019), and building capacity for cross-regional knowledge 
exchange (Karlsson et al., 2018). These structured approaches can help 
ensure the successful translation of research findings into effective 
interventions across diverse agricultural contexts.

The evidence consistently demonstrates that while initial 
investments may be substantial, the long-term benefits in terms of 
enhanced resilience make CSA practices crucial for climate change 
adaptation in SSA agriculture (Barrett et al., 2021). Success requires 
coordinated policy frameworks that address multiple adoption 
barriers simultaneously while remaining sensitive to local contexts 
and capabilities (Lowder et al., 2021).

4 Conclusion

This systematic review of 50 studies (2003–2023) provides 
comprehensive insights into CSA practices adoption among 
smallholder farmers in SSA, examining the complex interplay of 
factors influencing implementation success and sustainability. The 
analysis reveals significant regional variations in adoption rates 
(Eastern Africa 56.7%, Southern Africa 43.2%, Western Africa 38.9%), 
highlighting the importance of context-specific interventions in 
promoting sustainable agricultural practices.

This systematic review has several notable limitations. First, while 
our analysis covered 50 studies from 2003 to 2023, the geographic 
distribution was uneven, with Eastern Africa overrepresented. Second, 
most studies (75%) relied on cross-sectional data, limiting our ability 
to assess long-term adoption dynamics. Third, the review’s focus on 
peer-reviewed English-language publications may have excluded 
valuable insights from gray literature and non-English sources. 
Additionally, the inconsistent operationalization of “adoption” across 
studies complicated comparative analysis.

The key take-home messages from this review are threefold: first, 
successful CSA adoption requires integrated support systems 
combining extension services, credit access, and market linkages, as 
demonstrated by 2.8 times higher adoption rates with comprehensive 
support (Wossen et al., 2017). Second, gender-responsive interventions 
are crucial, with evidence showing women achieve equal or higher 
adoption rates when structural barriers are removed (Mehar, 2020). 
Third, context-specific approaches are essential, as demonstrated by 
significant regional variations in adoption patterns and the importance 
of local agricultural conditions.

We recommend several key actions based on our findings and 
their broader implications. For policymakers, establishing integrated 
support systems that combine extension services with credit access is 
crucial, as this combination increases adoption by 2.8 times (Wossen 
et al., 2017; Kassie et al., 2015). For practitioners, we recommend: (1) 
Establishing regional CSA coordination centers within existing 
agricultural institutions to facilitate knowledge exchange (Lipper et al., 

2014); (2) Developing differentiated support packages based on agro-
ecological zones and farmer typologies (Harvey et  al., 2014); (3) 
Creating robust monitoring systems to track adoption patterns and 
long-term impacts (Loboguerrero et al., 2019); and (4) Implementing 
gender-responsive policies that address the documented 30% gap in 
resource access between male and female farmers (Mehar, 2020). These 
findings have significant implications beyond SSA - South Asia could 
benefit from successfully integrating traditional and modern practices 
(Campbell et al., 2014), while Latin America could adapt approaches 
to smallholder-focused climate resilience (Harvey et al., 2014).

Looking forward, enhancing CSA practices adoption requires 
integrated approaches that address both immediate implementation 
barriers and long-term sustainability considerations. Future interventions 
must prioritize gender-responsive approaches, innovative financing 
mechanisms, and strengthened extension services. Success depends on 
creating enabling environments that support comprehensive adoption 
through coordinated policy frameworks, improved market linkages, and 
enhanced institutional support systems while ensuring solutions remain 
tailored to local contexts and capabilities. This review’s findings provide 
a foundation for developing more effective, context-specific interventions 
to promote sustainable agriculture in the face of climate change.
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