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ABSTRACT
Climate-smart agriculture (CSA) is an important discourse among national
governments in Africa and international policy circles to increase food productivity,
build smallholder farmers’ resilience to climate change, and mitigate greenhouse
gas emissions. Despite presenting several potential economic and environmental
benefits to farmers, its adoption among African smallholder farmers is low. Two
important aspects that influence the adoption of CSA are inclusion and exclusion
of farmers’ local knowledge and how CSA is upscaled among smallholder farmers in
Africa. This article uses a systematic review methodology to demonstrate that the
existing literature (between 2010-2020) on CSA has substantially addressed issues
that hinder its upscaling in Africa, such as heterogeneous farming systems, limited
finance, high cost of agricultural inputs, and technology. However, only eight of 30
articles included in the systematic review indicate challenges pertaining to inclusion
or exclusion of local knowledge in CSA practices and technologies. Policymakers and
academics need to rethink how smallholder farmers’ local knowledge can enhance
opportunities and fulfil the potential to upscale CSA in Africa.

Key policy insights:
. Implementing stronger land tenure regulatory frameworks are critical for upscaling

CSA practices and technologies in Africa.
. Governments and development partners need to implement inclusive financial

policies and institutional arrangements in consultation with smallholder farmers
to improve upscaling of CSA in Africa.

. Development partners need to approach local knowledge with care and respect, if
CSA is to become more inclusive for smallholder farmers in Africa.

. Effective scaling of CSA is vital for climate change adaptation and mitigation in
Africa.
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1. Introduction

Climate-smart agriculture (CSA) encompasses innovative farming practices and agricultural technologies, such
as agro-forestry systems and drought tolerant crops varieties, that aim to address three pertinent challenges of
the twenty-first century: climate change adaptation, mitigation, and food security (Newell & Taylor, 2018; Taneja
et al., 2014). In the last decade, development partners have ramped up their financial and technical support for
effective scaling of CSA in Africa. For instance, between 2016 and 2018, the World Bank approved CSA projects
worth US$3.8 billion to support 30 African countries in their pursuit to increase climate resilience and on-farm
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livelihoods of almost 5 million farmers (World Bank, 2018). Through small-scale on-the-farm pilot CSA projects
and large-scale investments by development partners and the private sector, the African Union Development
Agency envisions that by 2025 at least 25 million farming families will have adopted CSA (Shilomboleni, 2020).

Despite the large-scale financial and technical commitments for CSA by the global development community
and its potential sustainability and economic gains for smallholder farmers and the environment, there are
several critical challenges associated with African smallholder farmers’ adoption of CSA (Branca & Perelli,
2020; Chandra et al., 2017). Previous studies highlight that the majority of CSA technologies are expensive
and unaffordable for most smallholder farmers in Africa (McCarthy et al., 2011; Zougmoré et al., 2016). For
farmers who are willing and able to transition to CSA, other challenges such as inadequate institutional
support, including insurance schemes and financing mechanisms, weak regulatory frameworks such as
tenure rights and land management frameworks, can hinder their propensity to adopt CSA (Harvey et al.,
2014; Neufeldt et al., 2013; Scherr et al., 2012). Studies also show that CSA approaches can be more successfully
upscaled in Africa if they are able to contextualize the unique heterogeneous characteristics of smallholder
farmers, such as differences in farmers’ traditional values, and existing farming systems, such as pastoral
farming and root crop production methods (Westermann et al., 2018; Williams et al., 2015). Previous studies
have found that age, education, farm size, and farm ownership, have an impact on whether smallholder
farmers can or cannot successfully adopt CSA (Chandra et al., 2017; Westermann et al., 2018). Since heteroge-
nous characteristics of smallholder farmers, such as their level of education and local knowledge, can impact
their engagement with CSA, it is important to understand how this heterogeneity will allow some, but not
all smallholder farmers to build adaptive and mitigative capacities. Indeed, the ‘scaling up’ of CSA from
micro-scale programs and pilot projects to large-scale and regional initiatives constituting large numbers of
smallholding farmers requires practitioners and policymakers to address ways in which CSA practices and tech-
nologies can build synergistic partnerships with smallholder farmers’ traditional farming knowledge and work
practices (Karlsson et al., 2018).

Scientific knowledge is characteristic of advanced machinery and technologies of state and non-state actors,
such as corporations and universities. Scientific knowledge differs from indigenous knowledge, which is iso-
lated and related to a particular rural community (Agrawal, 1995; Warren, 1989). A critical distinction
between scientific and indigenous knowledge is evident in how a phenomenon is observed. Scientific knowl-
edge holds the ability to logically interpret data through abstract principles. In contrast, indigenous knowledge
relies on intuitions and evidence to draw interpretation (Agrawal, 1995). In most policy arenas, scientific knowl-
edge is believed to be superior to indigenous knowledge. As a result, scientific knowledge is often used in
policy decision-making processes, while traditional or indigenous knowledge is ignored (Steenwerth et al.,
2014). In this study, traditional ecological knowledge is defined as practices and beliefs held by humans in
relation to non-human nature that emerges, co-evolves, and are often transferred from one generation to
another (Berkes, 1993, 2012; Makondo & Thomas, 2018). In traditional agrarian societies, traditional ecological
knowledge can form the core of a community’s culture of farming, such as various indigenous forms of farm
management practices and smallholder farmers’ social identities. Our conceptualization of traditional knowl-
edge is also similar to FAO (n.d.) that implies that individuals in ‘rural areas are isolated from the rest of the
world and that their knowledge systems are static and do not interact with other knowledge systems’. In con-
trast to scientific knowledge, local knowledge constitutes narratives held by indigenous people and are often
not written in textbooks or training manuals (Alexander et al., 2011). Local knowledge is therefore, ‘not confined
to a particular group of people or to the original inhabitant of an area’ (FAO, n.d.). This study defines local
knowledge as a set of skills, technologies, and practices that have emerged from the experience of people
and communities, attached to history, local culture, and environment, and are identified as norms and
embedded in community practices (Beckford & Barker, 2007).

The transition of African smallholder farmers to using CSA requires them to become comfortable with learn-
ing new approaches to farming, trusting new knowledge and related advisory support systems, and transacting
in new markets. For example, implementing CSA requires some smallholder farmers to adopt genetically
modified (GM) crops or participate in new agricultural supply chains. In doing so, smallholder farmers’ may
have to surrender their traditional ecological knowledge and technological means of controlling weeds,
pests, plants, and harvests (Kronik & Verner, 2010; Nyong et al., 2007). For instance, it has been documented
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that modern weather forecasting and early warning systems using information technology sometimes do not
integrate effectively with farmers’ traditional ways of understanding or interacting with weather and climate
phenomena. In this case, smallholder farmers are relinquishing their local foresting knowledge, such as visually
monitoring clouds, in return for using meteorological forecasts to mitigate and adapt to climate variability
(Speranza et al., 2010).

Against this backdrop, we use a systematic reviewmethodology to answer the following questions: (1) In the
last decade, how has smallholder farmers’ local knowledge been included or excluded in CSA practices and
technologies in Africa; and (2) how are CSA practices and technology possibly upscaled in Africa? This article
uses an interpretive approach to analyze the CSA literature systematically, drawing meanings and interpret-
ations from the literature. This interpretive approach embraces views about a reality that are socially con-
structed and are important through the actor’s understanding of a particular problem, concept or theme
and the discourse around local knowledge and effective scaling of CSA innovations in African smallholder agri-
culture. From the articles reviewed, concepts and themes are not determined a priori, but they emerge from the
CSA literature on local knowledge and upscaling in Africa.

The remainder of the paper is structured in the following manner. The next section elaborates on the meth-
odology, detailing the data collection, study selection, analytical approach to data analysis, and the study limit-
ation. The findings of the analysis are presented in section 3, highlighting different themes that emerge from
articles included in the review. Section 4 discusses these findings and offers suggestions on literature and
implementation gaps with respect to local knowledge and upscaling in the literature in Africa, followed by con-
cluding remarks in section 5.

2. Methods

In this section, we discuss the methods used to retrieve articles related to inclusion and exclusion of smallholder
farmers’ local knowledge and the possibilities and perils of upscaling CSA in Africa.

2.1 Data collection

To explore the questions this study poses, we conducted a systematic review of literature following the report-
ing standards for systematic evidence synthesis (ROSES) framework (Haddaway et al., 2018). ROSES provide a
meticulous, transparent, and standard guideline to collect relevant literature on a topic related to social-
environment interactions (Haddaway & Macura, 2018). Based on this review protocol (see supplementary
material 1), we conducted our literature search in Scopus and Web of Science (WoS) databases in August
2020. We searched these databases using several search queries such as (TITLE-ABS-KEY (‘climate-smart’
AND agric*) AND TITLE-ABS-KEY (‘Mitigat*’ OR ‘Food Secur*’ OR ‘Adpat*’)) in Scopus and (TOPIC: (*climate-
smart and agric*) AND TOPIC: (‘Mitigat*’ OR ‘Food Secur*’ OR ‘Adpat*’)). We combined keywords such as
‘Africa’ and its five regions (‘Northern’, ‘Central’, ‘Southern’, ‘East’, and ‘Western’) with other keywords such
as ‘climate change’ and ‘agriculture’. For the purpose of this study, the literature search was limited to peer-
reviewed studies published in English between 2010 and 2020, and articles were included when there was
an apparent reference to either inclusion and exclusion of local knowledge and upscaling CSA in Africa.

2.2 Data screening

Search query results were exported into a repository and rearranged into the following categories: author
names, title, publication year, journal, abstract, and document type. The following steps were used to screen
the articles and conduct data analysis (see Figure 1). First, we merged results from the two electronic search
databases, which yielded 3594 unique records from Scopus (1848 results) and WoS (1746 results). We
removed 3155 duplicate articles, while 439 potential articles were left for further analysis. In the second
step, we applied our inclusion and exclusion criteria (see supplementary material 1, table 3) to screen the
title, abstract, and keywords of each article in which we excluded 389 articles. Fifty (50) articles met our
inclusion criteria. We applied the same eligibility criteria to the full text of each study that remained after
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the initial screening of title, abstract, and keywords in which 30 articles meet our inclusion criteria. A backward
and forward referencing approach was applied. In the backward and forward referencing step, we included
references from the articles reviewed to ensure all literature on inclusion and exclusion of smallholder
farmers’ local knowledge and upscaling of CSA practices and technologies in Africa were part of our study.
In the final step, we screened 30 articles for methodological and conceptual strength (Figure 1).

2.3 Analytical approach and data analysis

Our study adopted a qualitative interpretive approach to analyze the selected articles, deductively and induc-
tively. The interpretive approach aims to understand meanings and how social phenomena are constructed by
actors (Aukes et al., 2018; Yanow, 2000a, 2000b). The approach builds on the idea that the social world tends to
have multiple interpretations (Yanow, 2000b). These multiple interpretations make up the different frames1 that
exist on a particular phenomenon. Scholars think about frames in at least two ways. One perspective postulates
that frames encompass ‘material assemblages’, in other words, a network of schemas that actors use to con-
struct social realities in policy arenas (Wood et al., 2018). This approach to frames only focuses on activating

Figure 1. Identification and selection process for systematic review.
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or unveiling representations earlier internalized by a wide range of actors and organizations that are found
within a policy landscape. We do not follow this perspective of framing as it only focuses on activating represen-
tation earlier internalized by actors. An alternative perspective, and the one used in our analysis, draws on actors’
interpretation and sense-making in policy discourse (Dewulf, 2013). This perspective of framing does not only
capture different meanings ascribed by actors to a problem or situation, but also unveils their interpretation of
it (Vij et al., 2017; Vij et al., 2018). For instance, in the climate change discourse, an interpretive perspective of
framing has been used to understand how policy actors frame climate change as an issue of national security,
human rights, or environmental injustice (Singh & Swanson, 2017). We used this interpretive framing lens to under-
stand how existing peer-reviewed literature in Africa has problematized inclusion or exclusion of local knowledge
and concerns of upscaling initiatives among smallholder farmers. The interpretative approach is holistic and con-
textual, but is not reductionist. It tends to carry meaning from the perspectives of articles reviewed about a social
phenomenon. This interpretive approach contrasts statistical techniques that are employed in positivist research.
Hence, interpretive rigor emerges from the systematic and transparent method of (qualitative) data collection and
analysis rather than statistical inferences for constructing validity (Babones, 2016; Thompson et al., 1989).

In analyzing the documents for this review, we read each article, marking out portions and paragraphs refer-
ring to inclusion and exclusion of local knowledge and upscaling CSA practices and technologies. We then
interpreted the marked excerpts. Informed by a former systematic analysis of climate change adaptation pol-
icies, we analyzed the text in several steps (Ford et al., 2011). First, we classified each excerpt as either relevant
to inclusion and exclusion of smallholder farmers’ local knowledge and/or to upscaling CSA in Africa. Next, we
deduced what each sentence was referring to. While analyzing the data, we considered final themes that
emerged from our interpretation, such as participation strategies, institutional arrangements, and barriers to
upscaling. We further arranged these interpretations and meanings into a table format, categorizing them
by authors that refer to inclusion and exclusion of local knowledge or upscaling CSA in Africa.

2.4 Potential pitfalls and strategies to overcome them

Two potential pitfalls were identified for this study and a strategy was used to address one of them. First is with
the choice of keywords used for searching. For instance, we searched for articles that used terminologies such
as ‘local knowledge’ and ‘upscaling’. However, not all articles that explore smallholder farmers’ local knowledge
and upscaling in Africa use these terms explicitly in their title, abstract, and keywords. We resolved this issue by
creating alternative words for local knowledge, such as ‘indigenous knowledge’ and reading the main text and
checking within the relevant articles’ references to ensure that we do not miss relevant papers. For instance,
Makate (2019b) used the term ‘indigenous knowledge’ in their paper instead of the term ‘local knowledge’.
Another issue in our search process related to all reviewed articles being written in English. Due to limited
time and resources, the research only includes and interprets English language literature on CSA and excludes
non-English literature.

3. Results

Our search identified 30 studies that addressed (1) inclusion and exclusion of local knowledge and (2) upscaling
CSA practices and technologies in Africa (see supplementary material for all references). Articles addressing key
issues evolved between 2012–2020. Most of the studies (n = 18) are classified broadly under Africa as more than

Table 1. Regions represented in the identified 30 studies.

Region Records

East Africa 7
Southern Africa 3
West Africa 2
Articles classified broadly under (Africa)* 18

* We aggregated studies that focused on more than one country and region broadly under Africa. (North and
Central Africa regions were individually not represented in the studies reviewed).
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one country, or region was the unit of analysis or case study (see Table 1). East Africa is the most represented in
these studies, with Kenya (n = 3) being the dominant country studied. Other countries represented in East Africa
include Ethiopia and Uganda. Southern Africa is represented by countries such as Malawi, South Africa, and
Zimbabwe. West Africa is the least represented, with coverage of only Ghana and Nigeria. Other regions
(Central and North Africa) are not represented at all as studies found within these regions did not meet the
inclusion criteria. Specifically, articles from central and northern regions were excluded as they did not
discuss the interaction of different knowledge systems (local, indigenous, and scientific knowledge) and
upscaling.

3.1 Meta data for articles included in the review

A summary of the articles, according to inclusion criteria, is provided in supplementary material 2. Details of
articles included for data analysis are grouped according to author, title, journal, date of publication, and dis-
cipline. These articles were written by authors from diverse fields and disciplines, from agricultural sciences to
sociology (Figure 2). We considered all forms of research – with different agrarian systems – and by authors
representing different fields of agriculture under the broad category of agriculture.

3.2 Emerging themes

From the qualitative interpretive analysis that was part of the systematic review, eight themes emerged to
explore local knowledge and upscaling CSA in Africa (Figure 3). These themes are: (a) Barriers or constraints
to CSA adoption; (b) Assumption of homogeneous farmers; (c) Institutional support, arrangement, and
financial mechanism; (d) Gender approaches to upscaling; (e) Participation approaches for inclusion of local
knowledge; (f) Farmers’ right to ownership of land and inputs; (g) Building social capital and social networks;
and (h) Agricultural advisory support services. Table 1 in supplementary material 2 details articles reviewed
with their corresponding themes. Out of the 30 studies reviewed, 21 demonstrated constraints to farmers’

Figure 2. Categorization of articles by discipline.
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adoption of CSA, such as limited access to finance, inadequate resources, land constraints, inexperience with
new commodity markets, and high cost of agricultural inputs. 18 studies highlighted a lack of institutional
support systems and mismatched governance arrangements as key drivers for low levels of CSA adoption
among smallholder farmers. Eight studies provided solutions for upscaling CSA practices, such as transforming
and preparing agricultural support services for digital decision support systems. Six studies highlighted the
importance of enhancing smallholder farmers’ social capital by cross-fertilizing partnerships between local
communities and public and private sector organizations. Concerns regarding insufficient women rights and
unequal gender relations featured in seven of the 30 studies reviewed. These articles conceived that greater
gender equality can play an important role in scaling up CSA technologies and benefiting women smallholders.
12 studies suggested that participatory technology development approaches can assert greater acceptance
and adoption of CSA among smallholder farmers. These studies highlighted that inclusion of smallholder
farmers’ local knowledge was important in designing and implementing CSA innovations.

3.2.1 Comparison of local farming practices and CSA practices
Traditional farming methods such as intercropping techniques have allowed African smallholder farmers to grow
multiple food crops on the same field to maximize income and improve soil quality. In recent times, however,
these practices have been ‘rebranded’ as CSA (Chandra et al. 2018). For instance, recent CSA approaches are high-
lighting the benefits to smallholders from intercropping maize with early- or late-maturing soybean varieties.
Similarly, other practices like agroforestry are not new to the African continent. Yet, new CSA approaches highlight
the benefits for smallholder farmers when planting trees or shrubs in their agricultural fields. Table 2 provides
some examples of traditional farming practices in Africa in relation to their re-appropriation as CSA.

3.3 Inclusion and exclusion of local knowledge in CSA design and implementation process

Out of the 30 studies reviewed, only 8 mentioned inclusion or exclusion of local knowledge in relation to CSA
practices and technologies. Amongst these studies, scholars contended practitioners (such as policymakers and

Figure 3. Themes emerging from the review.
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extension advisors) to attend to smallholder farmers’ local knowledge when helping them implement CSA prac-
tices and technologies in Africa. Most studies rationalized the ‘inclusiveness’ of smallholder farmers’ local
knowledge on the basis of enhancing overall farm-level adoption practices. For instance, Makate (2019a,
2019b) demonstrated higher levels of adoption among smallholder farmers when their knowledge about
crop rotations was used to complement new approaches introduced to them, such as rainwater harvesting
and the use of improved seeds. Bridging smallholder farmers’ knowledge with new farming approaches can
often reduce the time needed for re-training or skill development, which can be financially and technically chal-
lenging for governments and non-profit organizations in the Global South (Aggarwal et al., 2018).

Still, reviewed studies did not carefully conceptualize ‘inclusion’ or ‘exclusion’ of local knowledge in relation
to CSA. Some studies conflated inclusion with the participation of smallholder farmers in knowledge creation
and dissemination activities. For instance, community-level projects such as the climate-smart villages (CSV)
approach is a key part of the agriculture research for development (AR4D) agenda to address climate
change challenges for food security (Aggarwal et al., 2018). These projects promise to enhance the blending
of local and scientific knowledge through targeted farmer-to-farmer learning networks (Aggarwal et al.,
2018; Fuchs et al., 2019). Other studies, such as Makate (2019a, p. 47), conceptualized inclusion of local knowl-
edge as ‘embracing’ smallholder farmers’ traditional knowledge. It is not clear whether only embracing local
knowledge is sufficient. Most new technologies may be incompatible with the heterogeneous social, cultural,
and biophysical conditions within the farming communities. There was also little explanation of whether there
were appropriate spaces or platforms available to smallholder farmers for sharing their local knowledge or
learning new approaches through complementary knowledge creation with the scientific or expert community
(Abegunde et al., 2019). The mechanisms for assimilating local knowledge or understanding tensions and syner-
gies between local and scientific knowledge for on-farm decision-making are poorly understood. A better
explanation of these interplays between knowledge can be vital for the future upscaling of CSA (Alexander,
2019; Makate, 2019b).

3.4 Upscaling CSA in Africa

Studies reviewed in this paper mostly defined upscaling as an opportunity for expanding CSA coverage to more
farms and smallholder farmers in Africa. Makate (2019a, p. 38) defined upscaling as ‘the expansion or adoption
of proven and beneficial practices and technologies’. Aggarwal et al. (2018) conceptualized upscaling as a two-
dimensional approach: horizontal and vertical. Horizontal upscaling is implemented through demonstration

Table 2. Comparison of traditional farming strategies versus CSA strategies.

Farming
practice Description of practice Traditional practice CSA practice

Example of countries
where practices are
commonly used

Agroforestry Integration of trees or
shrubs with crops or
livestock.

Maintaining useful trees on farm
plots when preparing a field for
cropping (for example,
preserving parkland, mango and
pawpaw trees).

Planting of trees and shrubs to
agricultural landscape (e.g.
Improved fallow, Taunga ally
cropping, multilayer trees).

Kenya, Nigeria,
Zimbabwe, Ghana

Crop rotation Farming practices where
several crops are
chronologically planted on
the same farmland.

Traditional crop rotation farming
(maize and sorghum or maize
and soybean).

Crop rotation of maize and
soybean.

Nigeria, South Africa,
Kenya, Ghana,
Malawi

Intercropping More than two crops are
planted on farmlands at
the same time.

Planting of pulse crops and grains,
such as maize and legumes,
maize and beans, maize and
sweet potatoes or cowpea.

Intercropping maize with early
or late-maturing soybean
varieties.

South Africa, Nigeria,
Kenya, Malawi,
Zimbabwe, Ghana

Irrigation Controlled application of
water to farmland at
intervals only when
needed.

Localized can sprinklers and
surface irrigation.

Climate smart irrigation
management, such as drip
irrigation tools and sprinklers.

Kenya, Nigeria,
Ethiopia,
Zimbabwe,
Malawi, Ghana,
South Africa
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sites that connect smallholder farmers to other growers for cross- and co-learning opportunities. The notion of
farmer-to-farmer learning includes collaborative spaces, such as self-help groups or agricultural advisory net-
works that support dissemination of new CSA knowledge to smallholder farmers (Makate, 2019a). Vertical
upscaling occurs when research and development initiatives performed at laboratories and field-trials generate
evidence for validating and testing the efficacy of practices on the field (Aggarwal et al., 2018). Several studies
suggested that agricultural support and extension services, which involve advisory personnel from the public or
private sector, can potentially help promote CSA practices and technologies to smallholder farmers (Cattaneo &
Lipper, 2016; Duffy et al., 2021; Fentie & Beyene, 2019; Fuchs et al., 2019; McKune et al., 2018; Olorunfemi et al.
2020a,2020b). Both horizontal and vertical upscaling were deemed useful for enhancing the adoption of CSA
practices from small-scale pilot projects to larger- and regional-scale initiatives.

Studies also evaluated several challenges and opportunities for upscaling CSA approaches in Africa. Pre-
sently, many smallholder farmers are unable or unwilling to use CSA. Some studies suggest that low levels
of adoption among smallholder farmers may be a result of the heterogeneous farming system in the region
(Abegunde et al., 2019; Notenbaert et al., 2017). Smallholder farmers may find it challenging to adopt practices
when dealing with widely different biophysical environments that require site-specific farm management (Abe-
gunde et al., 2019; Cavanagh et al., 2017; Chandra et al., 2017; Notenbaert et al., 2017). Social and institutional
factors, such as smallholder farmers’ inability to get access to extension services, limited access to finance,
inadequate resources, land constraints, market orientation, perception of the new technology, high cost of agri-
cultural inputs, can also hinder their adoption of CSA (Abegunde et al., 2019; Chandra et al., 2017; Fentie &
Beyene, 2019; Lee, 2017).

The reviewed scholarship also offered suggestions for enhancing the upscaling in Africa. Abegunde et al.
(2019), Makate (2019b), and Notenbaert et al. (2017) suggested that designers’ approaches should consider
the heterogeneous social, political, and economic conditions of smallholder farmers. These characteristics
vary based on different levels of resource endowment, land constraints, market orientation, farming styles,
and farm types within different geographic regions of Africa. Scholars also highlighted the importance of par-
ticipatory approaches for upscaling CSA in Africa. For instance, using open and deliberative approaches to
invite perspectives and priorities of multiple stakeholders such as smallholder farmers and laypersons in the
design of CSA practices and technologies (Alexander, 2019; Chandra et al., 2017; Fuchs et al., 2019; Murray
et al., 2016). Other studies have identified the importance of social networks in enhancing smallholder
farmers’ adoption practices (Maindi et al., 2020; Makate, 2019a; McKune et al., 2018). Lee (2017) and Maindi
et al. (2020) argue that social networks such as saving clubs and religious groups where smallholder farmers
learn about information can increase the participation, willingness, and abilities of smallholder farmers to
engage in climate-smart projects.

Although the reviewed studies suggested potential solutions to upscaling in Africa, at least two issues
remained unclear. First, several solutions for upscaling CSA presented in the reviewed scholarship did not
explain the potential trade-offs between technological adoption and environmental systems. CSA technologies
and practices, such as rainwater harvesting, minimum tillage, and integrated nutrient management, which
might support or disable scaling up in Africa, are strongly dependent not only on the biophysical conditions
of the farm, but also on the interactions of smallholder farmer’s evolving knowledge and capacity (Chandra
et al., 2017; Scherr et al., 2012). There may be negative impacts on crop yield from minimum tillage, especially
in wetter years or when soil fertility is low (Morugán-Coronado et.al 2020). Thus, designers and implementers of
CSA must consider the heterogeneous capacity and biophysical characteristics of smallholder farms based on
their unique geographical and social conditions. Second, while many scholars provided generic institutional
solutions for improving CSA’s upscaling, the literature offers no detailed or specific description of the kind
of institutions and policies needed to upscale CSA (Scherr et al., 2012; Shilomboleni, 2020; Totin et al., 2018;
Westermann et al., 2018).

4. Discussion

Salient reflections based on the above-mentioned findings are discussed in this section. While our paper
focuses on Africa, we draw on examples and literature from other regions to inform discussion of our research
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findings. Our findings show that there is a paucity of research on inclusion and exclusion of local knowledge in
CSA practices and technologies in Africa. We also found that authors from the extension field have not fully
explored the subject matter of local knowledge and how it links to successful upscaling of CSA in the
African context. For communities to enhance the resilience capacity of smallholder farmers, vulnerable
groups and communities must be included in deliberations on how to best cope with the impacts of
climate change (Agarwal, 2001). The first step to ensuring that practices and technologies are useful to
achieve mitigation, adaptation, and food security objectives, requires that smallholder farmers’ local knowledge
becomes an important input in the process of designing CSA or to implementing it on a farm-level. Smallholder
farmer’s local knowledge needs to be given priority and integrated with scientific knowledge in the discourse
and design of CSA technologies and practices. For instance, Andrieu et al. (2019) found that co-designing agri-
cultural innovations, such as new cropping and livestock approaches where scientific knowledge is integrated
with local knowledge of smallholder farmers, is useful in recognizing appropriate solutions to tackle climate
change.

Climate-risk management decisions predicated on integrating traditional ecological knowledge with scien-
tific knowledge can successfully lead communities to expand their capability to adapt and mitigate climate
change (Hosen et al., 2020; Lazrus, 2015). For instance, cases from other regions, specifically studies fromMalay-
sia and Tuvalu, suggest that the integration of traditional ecological knowledge has proven to assist local com-
munities that have maintained their traditional practices to adapt to climate risks that promote socio-ecological
resilience and create capabilities for better resources management (Hosen et al., 2020; Lazrus, 2015). Conver-
sely, climate change interventions that do not consider integrating traditional ecological knowledge, such as
community heritage in decision-making, can potentially present a secondary disaster (Larusz, 2015).

In environmental management practice, indigenous people are pivotal for successful environmental man-
agement as they possess the indigenous and local knowledge necessary for nature’s sustainability (Burgos-
Ayala et al., 2020). For example, inclusion of traditional ecological knowledge in management practices in
Peru has led to an improvement in local well-being (Saylor et al., 2017). Hence, local knowledge in environ-
mental management can lead to a more robust human nature connectedness and a successful policy interven-
tion in communities. Aryal et al. (2016) argue that indigenous knowledge is useful for diagnosing climate
change issues as indigenous people can better respond to climate change challenges using different strategies.
Therefore, indigenous knowledge is pivotal to further understand and interpret the scientific knowledge of
climate change given the site-specific needs and peculiarity of climate variability in communities. Incorporating
local knowledge in CSA discourse, design, and practices calls for increased sharing of knowledge through a
citizen science approach where stakeholders (scientists, policymakers, resource users, smallholder farmers)
share their knowledge to strengthen the drive towards adaptation and mitigation of climate change (Eriksen
et al., 2015; Fisher, 2016). Therefore, for CSA to be successful, development partners need to consider a platform
for knowledge sharing that concerns the perspectives of smallholder farmers. The inclusion of local knowledge
in environmental intervention and practices can reveal hegemonic political interests, destabilizing such
agendas of development partners (Eriksen et al., 2015; Fisher, 2016; Tschakert, 2012).

The implication of including local knowledge in environmental management translates to ensuring that the
coordination and implementation of policies and practices for mitigation and resilience can be done in a cul-
turally-, socially-, and economically-relevant manner, providing an opportunity to include local knowledge in
environmental initiatives to combat climate challenges (Fisher, 2016). Local knowledge and community under-
standing of environmental management often differ from expert or scientific knowledge; there is a need to
ensure collective learning and co-production of knowledge that involves the knowledge of a range of actors
(smallholder farmers and development partners) to bridge the gap between values and knowledge of environ-
mental management (Tschakert et al., 2016). Therefore, the integration of local knowledge and scientific knowl-
edge can propel the implementation of CSA to tackle climate change in Africa.

Some research is clear and robust about explaining various social, economic, and political conditions that
limit the wide-scale inclusion of local knowledge in approaches. First, development partners do not generally
discuss whether or not these technologies and new practices will work well with smallholder farmers. Designing
CSA in this way typically ignores potentially valuable local knowledge. Second, practices are often imagined
and therefore implemented from a top-down approach where innovative ideas appear from development
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partners and smallholder farmers are supposed to accept them (Chandra et al., 2017; Notenbaert et al., 2017).
These top-down approaches often exclude most smallholder farmers as these technologies do not integrate
their unique needs, such as farming styles, climatic conditions, and resource endowment, to combat climate
change and address issues of food security (Hellin & Fisher, 2018). Excluding smallholder farmers in policymak-
ing processes or in science-policy dialogues to co-develop CSA approaches potentially hinders implementation
of CSA. Scientific recommendations on CSA that excludes smallholder farmers involvement may not address
trade-offs anchored in local practices, such as between the costs of adaptation and mitigation of climate
change (Steenwerth et al., 2014).

Despite efforts to democratize initiatives, CSA remains dictated by agendas set by development partners and
national governments (Chandra et al., 2017). This top-down approach to technology design can be exclusionary
for smallholder farmers, as top-down approaches fall short of understanding that innovation is as much a social
as it is a technical process. Smallholder farmers’ local knowledge is essential because it can serve as both a
barrier and a facilitator of adoption practices. Designing initiatives that include smallholders’ perspectives,
motivations, and values – at the early stages of technological development – can propel initiatives to enhanced
social, environmental, and economic sustainability. Different perspectives of key stakeholders – such as small-
holder farmers, policymakers, and food system actors – need to be recognized early on to identify what benefits
are to be derived and to understand the impact of emerging practices and technologies on local practices
(Scherr et al., 2012). Therefore, a bottom-up approach through smallholder farmers’ participation is essential
to ensure that smallholder farmers are not left out of the CSA design and implementation processes and to
ensure that upscaling will occur.

An upscaling approach for CSA in Africa requires that design and implementation processes take into con-
sideration the different farming systems of smallholder farmers. For instance, Sanogo et al. (2017) found in
Senegal that participatory tools are useful to analyze vulnerability and to plan adaptation activities and com-
munication for development. This approach considers complex and multifaceted socioeconomic factors – such
as culture, politics, economy, and environment – rather than developing technologies that are assumed to be
adopted at different scales by farmers in Africa. To ensure CSA is effectively implemented in Africa, a rationale to
include smallholder farmers and development partners to participate in CSA decision-making is crucial. Clearly
articulating how feedback from smallholder farmers would be integrated into the CSA discourse can help
ensure that the voices of smallholder farmers are included in CSA design and implementation in Africa. The
current technocratic approach to promotion of CSA by development partners might not lead to the desired
upscaling results of these technologies in many parts of Africa (Totin et al., 2018). Upscaling CSA to trigger
the desired transformation in agricultural production systems and food systems requires supportive policies,
institutions, and financing, which altogether create an enabling environment at local, national, and inter-
national levels (Makate, 2019b). Creating enabling environments capable of supporting the implementation
of CSA in Africa will require development partners and national governments to promote institutions such
as markets, investments, and insurance frameworks that are supportive of the livelihoods of smallholder
farmers. Institutions will need to be designed in consultation with smallholder farmers to understand their
climate change needs to purposefully improve the implementation of CSA policies and approaches to
cushion the effects of climate change. Existing and new participatory, farmer-led knowledge-making initiatives
such as CSA rapid appraisal and participatory assessments can be useful in upscaling (Mwongera et al., 2017;
Steenwerth et al., 2014; Waters-Bayer et al., 2015). The goal should be for farmers to co-produce knowledge on
an equal epistemic basis vis-à-vis scientific knowledge (Iles et al., 2016). Existing participatory frameworks, such
as use of field days that embody a platform for the exchange of knowledge on technological innovations,
should provide smallholder farmers an opportunity to question and to add to scientific knowledge while con-
tributing their experiential knowledge of specific agronomic or financial problems that arise in practice (Carlisle,
2014; Iles et al., 2016; Holt-Giménez, 2006).

This discussion identifies the urgent need to integrate local knowledge into CSA practices and technologies,
which can potentially refine and help upscale CSA innovations. Failure to include smallholder farmers’ local
knowledge in such practices and technologies can potentially jeopardize efforts to promote food security, agri-
cultural productivity and the ability of smallholder farmers to mitigate and adapt to climate change. The
findings from this study can improve our understanding of how consideration of the social context of
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farmers can lead to building resilience through refinement and upscaling CSA innovation in Africa, rather than
prioritizing scientific knowledge over historical farming experiences.

5. Conclusion

This article draws upon CSA literature in Africa for scoping the systematic review and relies on a wider CSA lit-
erature in other regions to inform the discussion of our findings. This paper answers two questions: (1) In the last
decade, how has smallholder farmers’ local knowledge been included or excluded in CSA practices and technologies
in Africa, and (2) how are CSA practices and technology possibly upscaled in Africa? Our review found that a
majority of studies have explored the challenges of upscaling CSA in Africa. These include limited access to
finance, inadequate resources, and high cost of agricultural inputs. There is, however, a paucity of research
on inclusion or exclusion of smallholder farmers’ local knowledge in CSA practices and technologies. Still,
the studies reviewed found that inclusion of smallholders’ local knowledge when designing and implementing
CSA initiatives can greatly increase adoption of CSA among farmers. Integrating different epistemic understand-
ings (local knowledge and scientific knowledge) can generate higher levels of trust in CSA among smallholders
and can help with scaling CSA in Africa.

Upscaling of CSA approaches in Africa, however, does not happen in an institutional vacuum. There is a
greater need to ensure that adequate policies and institutional arrangements, such as through markets and
financial mechanisms, are in place with clearly defined parameters on how CSA practices and technologies
can be refined through the use of local knowledge and upscaled to smallholder farmers in Africa. We stress
the importance of creating CSA practices and technologies that consider the unique characteristics of local
practices and farming styles, therefore considering a bottom-up approach to CSA practices and technologies.
To enable upscaling and inclusion of local knowledge systems in CSA, the political narratives of CSA will need to
guarantee representation of smallholder farmers in agriculture policy and related decision-making processes,
not through a dominant representation of development partners. A key to successful upscaling of CSA will
be more symmetry in power relations and greater social justice to bring in and amplify the voices of smallholder
farmers. This inclusion process will need to be designed with a participatory, bottom-up approach within CSA
interventions. We suggest that participatory approaches, such as farmer-led knowledge creation and farmer
school programs, can provide opportunities for the co-production of knowledge. This bottom-up approach
can potentially ensure that development partners and national governments in Africa do not foster techno-
cratic agendas, but instead place the interests and knowledge of smallholder farmers at the center of the
design of practices and technologies to combat climate change. Results of this research calls for a re-think
of how the CSA approach in Africa is evolving, as the current technocratic approach to upscaling CSA
approaches in Africa might not lead to the desired result of tackling climate change. Successful mitigation
and resilience building to climate change in the agricultural sector in Africa will require the co-production of
knowledge and integrating smallholder farmers’ local knowledge and scientific knowledge.

Note

1. Frames can be understood as important and common narratives that drive both analysis and action in everyday situations.
Frames generate multiple meanings from different perspectives on a particular phenomenon facilitating decision makers in
making informed decisions about different responses or strategies for action (Dewulf, 2013).
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