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Agroecology, as a holistic approach to sustainable food systems, is gaining
momentum globally as a key approach to addressing current challenges in
agricultural and food production. In sub-Saharan Africa, despite numerous
efforts to address declining soil productivity, water scarcity, and increasing pest
pressure through agroecological soil, water, and integrated pest management
(IPM) practices, the adoption of such practices remains low. As part of the
CGIAR Agroecology Initiative, we conducted a collaborative rapid innovation
assessment of existing soil, water, and pest management practices in two
Agroecological Living Landscapes (ALLs) in Makueni and Kiambu counties,
Kenya. The assessment also included an evaluation of the performance
of these practices and identified farmer preferences. Using a multi-stage
approach, we applied stratified random sampling to identify 80 farmers for farm
assessments and in-depth interviews. A total of 31 practices were identified,
of which 26 were further evaluated. The evaluation revealed a heterogeneous
set of socio-economic and biophysical contextual factors influencing practice
performance. Respondents identified 19 strengths, and 13 challenges associated
with the practices, highlighting opportunities for innovation to improve or
adapt performance. Farmers also expressed preferences for future adoption of
31 practices, 77% of which were listed in one of the three focus areas, namely
soil management, water management, or IPM. The other 33% were associated
with multiple functions and were listed under two or three of the focus areas.
The results of the collaborative assessment informed a broader co-design
cycle that included participatory prioritization and selection of innovative
practices, experimental design, and monitoring protocols. This collaborative
and systematic approach was taken because innovative practices often fail to
be adopted due to a lack of co-design and inclusion of local perspectives in
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innovation design, and a disconnect between science and practice. Our study
highlights the importance of integrating stakeholder input and transdisciplinary
technical expertise in the co-design and implementation of agroecological

innovations.

It also emphasizes the importance of using a structured

methodology to understand farmers’ options, context, and preferences while
co-designing locally relevant agroecological practices, which promotes holistic
and inclusive adoption, successful implementation and long-term sustainability
of agroecological practices.

KEYWORDS

agroecology, soil management, water management, integrated pest management,
options by context, farmer preference, participation, co-design

1 Introduction

The concept of agroecology is gaining traction globally as a key
approach to comprehensively addressing the current challenges facing
food production. Agroecology involves a synthesis of both agronomic
and ecological principles that integrate social, environmental and
economic dimensions. It emphasizes the promotion of biodiversity
and associated ecosystem services to sustain agricultural production
and promote resilient, environmentally sound and sustainable food
systems (Wezel et al., 2009; Zanasi et al., 2020). It does so by harnessing
biological interactions and seeking to optimize the relationships
between plants, animals, soils and the surrounding ecosystems (Jones
et al., 20225 Nicholls and Altieri, 2018). Agroecological practices
include a range of methods and techniques through which the 13
agroecological principles are applied (HLPE, 2019; Wezel et al., 2020).

The agroecology principles are nested under three operational
principles. The first category nests two principles, recycling and input
reduction, which improve resource efficiency by optimizing resource
use to increase economic returns and reduce negative environmental
impacts. The second category nests five agroecological principles that
strengthen resilience by improving the adaptive capacity, risk
management, and response to changing conditions. This includes
principles three through seven, namely soil health, animal health,
biodiversity, synergy and economic diversification. The third
operational principle consists of six principles that secure social equity
by promoting fairness and accountability in addressing a broad
spectrum of social and ethical concerns within societies. These
principles include co-creation of knowledge, social values and diets,
fairness, connectivity, land and natural resource governance and
participation (HLPE, 2019). Consistent with the emphasis on
principles to define what agroecology entails, there is no single set of
farming practices that can be defined as agroecological in nature.
Rather, agroecology is about the contextual operationalization of these
13 principles. However, it does point to relevant subsystems that
should be considered, including soil, biodiversity, and others.

In this context, the importance of simultaneously adopting
agroecological practices related to soil management, water
management, and integrated pest management (IPM) has been
emphasized. All three of these interrelated components are of
paramount importance in promoting sustainable food systems
(MclIntyre et al., 2001). For example, poor and infertile soils with little
or no organic matter have been found to not only retain little or no
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water and moisture that is necessary for plant growth but are also
prone to erosion due to weak soil structure (Regelink et al., 2015).
Further evidence shows that unhealthy and infertile soils lack diversity,
biomass and abundance of beneficial soil macrofauna (Ayuke et al,
2011) and microfauna (Bolo et al., 2021, 2024). Schroth et al. (2000)
further state that systems with low plant diversity are less resilient and
are more susceptible to pests and diseases, leading to higher pesticide
use. Deepika and MubarakAli (2020) note that there has been an
increase in the use of synthetic fertilizers to address the high nutrient
deficiencies in the soil. This reliance on synthetic fertilizers and
pesticides has been shown to result in the loss of beneficial soil
macrofauna and contamination of water bodies and food crops (Solgi
et al, 2018). Therefore, a holistic approach that integrates soil
management, water management, and IPM is key to building resilient
and sustainable agricultural systems.

In sub-Saharan Africa, there is a clear need to focus on and invest
in integrated soil, water and pest management. For example, soil
productivity is declining due to various factors such as land
degradation, declining fertility, and poor health due to inefficient soil
management practices (Raimi et al., 2017), including nutrient mining,
removal of crop residues from the farm, and overcultivation without
adding more organic matter to the soil (Blanco-Canqui and Lal, 2009;
Majumdar et al., 2016). Agroecological soil management practices are
therefore essential to maintain soil fertility, biodiversity, structure, and
nutrient levels among other important requirements for optimal crop
growth (Barrios et al., 2006; Chikowo et al., 2014). Such practices take
advantage of ecological system interactions, including the use of
ecosystem-friendly farm inputs, and prioritize nurturing healthy soils
as the foundation for productive and resilient farming systems
(Gliessman, 2018). They discourage the use of chemical inputs such
as inorganic fertilizers and instead advocate for holistic, regenerative
and sustainable practices that maintain or improve soil health over
time (Hathaway, 2016; Wezel and Soldat, 2009). These include
practices such as cover cropping, crop rotation, mulching, organic
manure and soil amendments to improve soil fertility and structure
(Alyokhin et al., 2020; Bolo et al., 2023).

Water management is equally critical in sub-Saharan African
farming systems, where water scarcity is a persistent challenge that
threatens livelihoods (Gaspard and Authority, 2013). Major causes of
water insecurity include deforestation, climate-related drought and
poor soil water management practices such as lack of rainwater
harvesting and soil water conservation (Demeke, 2003; Mango et al.,
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2018; Shiferaw et al., 2014). Water scarcity and soil water deficit are
particularly prevalent in arid and semi-arid areas that receive low
rainfall amounts (Ong et al., 2007). Agroecological water management
practices that prioritize the efficient and responsible use of water
resources include rainwater harvesting, mulching, conservation
agriculture, and the use of cover crops to enhance water retention in
the soil and reduce water runoff (Altieri et al., 2015; Hermans et al.,
2021). In addition, promoting diversity, including agroforestry, and
integrating soil organic matter contribute to soil aggregate stability,
increased water infiltration and retention, and reduced soil erosion
(Bargués-Tobella et al., 2024; Liu et al., 2019; Winowiecki et al., 2021).

As a result of global warming, the sub-Saharan African region is
experiencing increased temperatures and a concomitant increase in
pest incidences, which contribute significantly to reduced agricultural
productivity. Other factors contributing to increased pest incidences
include declining biodiversity due to the promotion of monocropping
systems, continuous cultivation without fallow periods, and the use of
low-quality planting materials (Abate et al., 2000; Ratnadass et al.,
2012). While conventional pest management promotes overreliance
on chemical pesticides that kill rather than manage pests, and lead to
the contamination and pollution of ecosystems (Barzman et al., 2015),
IPM is an agroecological approach that provides a comprehensive and
sustainable approach to pest management by integrating different
strategies while maintaining ecosystem balance and minimizing
health, environmental and economic risks. IPM typically combines
biological, natural, cultural, mechanical, physical and host plant
resistance technologies (Morales, 2004). It includes practices such as
the use of natural predators, plant-based biopesticides, crop species
diversification, and the use of companion planting to disrupt pest life
cycles and pest-tolerant crop varieties (Deguine et al., 2021).

Despite practices falling under all three focus areas being
implemented in sub-Saharan Africa (Debray et al., 2019; Nyantakyi-
Frimpong et al., 2017), the region continues to experience low
adoption of agricultural innovations, where adoption refers to the
integration of an innovation into farmers’ normal farming activities
over an extended period of time, preceded by a period of trial and
adaptation to the local context (Loevinsohn and Sumberg, 2012;
Ruzzante et al.,, 2021); and low crop productivity and food insecurity
remain prevalent. One of the main reasons for this is the failure of
external agents promoting such practices to elicit the participation of
relevant stakeholders, including target adopters, in the co-design of
context-specific agroecological practices (Chave et al., 2019; Magrini
etal., 2019).

Co-design refers to the active and creative collaboration among
stakeholders in the design and implementation of solutions to a
pre-specified problem (Sanders and Stappers, 2008; Goodyear-Smith
et al, 2015; Steen, 2013). Unlike user-centered approaches that
incorporate the views and needs of end users of agricultural
technologies (Ortiz-Crespo et al, 2021; Rose et al, 2018), or
participatory action research where stakeholders participate in
decision making throughout the design and implementation process
(Baum et al., 2006; Cornish et al., 2023), co-design typically builds on
the tradition of participatory design. Here, the roles of different
stakeholders change throughout the co-design process, and the people
who will ultimately benefit from the design process sometimes take
on the role of “experts of their experience,” leading to the generation
and sharing of knowledge and ideas (Sanders and Stappers, 2008).
Consequently, co-design is a specific example of knowledge
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co-creation, where new knowledge is generated as stakeholders
develop and experiment with new ideas resulting in new concepts and
solutions that are context-specific and locally relevant (Mauser et al.,
2013). Co-design processes thus promote transdisciplinary science,
where stakeholders from different disciplines come together to
co-create knowledge to solve complex social, political, environmental,
educational and technological problems through the generation of
new knowledge (Falconnier et al.,, 2017). Co-creation of knowledge,
which refers to the collaborative generation of knowledge by different
stakeholders, is described as more participatory, inclusive, holistic,
and equitable for diverse actors, and as having better outcomes in
adoption of and commitment to agroecological practices (Utter
etal., 2021).

Our team adopted a rather broad definition of co-design as
representing the highest level of participants’ engagement in design,
decision-making, and implementation. We consider a continuum of
consultation, involvement, participation, and co-production/
co-design. The distinction between co-design and participatory design
is often blurred in practice, and which term is most appropriate
depends on the specific context. The term co-design itself has also
evolved, resulting in different interpretations and applications, which
contributes to terminological ambiguity. While the term co-design
typically implies that a collaborative and iterative process is
implemented, some focus more on creativity, exploration, and the
discovery of new possibilities that emphasizes understanding user
needs and fostering innovative solutions (Sanders and Stappers, 2008).
Others use the term co-design in contexts that are more solution-
oriented, focusing on the co-creation of practical, context-specific
interventions through structured and goal-oriented processes aimed
at implementation rather than exploration (Neef and Neubert, 2011).
The structure and subsequent co-design process that we adopted are
consistent with this latter interpretation: a participatory, solution-
oriented co-design methodology aimed at co-developing actionable
strategies with stakeholders. The rapid innovation assessment itself,
which aimed to explore farmers’ practices and preferences, while
conducted through a structured research-driven approach, focused on
exploration and discovery as critical input for the more solution-
oriented co-design workshops.

Our approach retains essential co-design elements such as
collaboration, problem-focused, solution-oriented, inclusive, reflexive,
iterative and stakeholder engagement (Rosendahl et al., 2015). In a
recent meta-analysis of 88 publications, Busse et al. (2023) categorized
intervention-oriented co-design approaches into four subtypes
namely the “researcher-led and model-based” and “social science-
driven intervention” studies that use a rigorous, predefined study
design in which scientists are the dominant actors. The third subtype
includes studies that develop “design-led and practice-oriented
interventions” rather focus on practical outcomes than on scientific
knowledge production. The fourth subtype, to which our current
study aligns, is “transformative transdisciplinary interventions and
living labs,” which have the strongest ties to transdisciplinary research
philosophy, theory, methodology, and practice.

The concept and practice of co-design have been widely applied
in different agricultural contexts. For example, Klerkx et al. (2012)
advocate for a transdisciplinary and systems approach to address the
complex socio-economic and natural context of farming systems by
promoting participatory and co-design processes in the design and
implementation of interventions. This is further supported by Berthet
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etal. (2018) who note that the complexity of agricultural innovations
requires a systems thinking approach and facilitation process.
However, despite their widespread application in agricultural systems,
the optimal outcomes of agroecological transitions are often not fully
realized. Therefore, for co-design processes to lead to responsible
innovations in agricultural systems, human-centered design (HCD)
approaches are required that promote four key dimensions namely
inclusion, responsiveness, reflexivity and anticipation (McCampbell
etal, 2022). This also requires ensuring that the co-design process is
ethical and genuine by involving local communities in decision-
making and shaping their current and future livelihoods
(Sendra, 2024).

The adoption of generalized and top-down approaches and the
lack of co-design of innovative agricultural practices can lead to a
disconnect between scientific knowledge and the practical local
realities of farming systems (Eilola et al., 2014). This is echoed by
Reichelt and Nettle (2023) who observe that responsible innovation
principles, which value the voices of diverse stakeholders, have not
been widely applied to the adoption of innovative agricultural
practices. The lack of local participation is often associated with an
underestimation of the local heterogeneous and dynamic context of
smallholder farming systems (Kuria et al., 2019; Vanlauwe et al., 2014)
and an inadequate understanding of the context of their farming
systems such as the nature, appropriateness and effectiveness of the
agricultural practices and options they are already implementing
(HLPE, 2019). It also leads to a limited understanding of the context-
specific constraints and barriers that may hinder the success of
agroecological practices (Sinclair and Coe, 2019). This can result in
the promotion of agroecological options that are not locally
appropriate, relevant, or adapted to the context of smallholder farming
systems (Farrow et al., 2016), rather than using demand-driven and
responsive approaches that are more likely to succeed in promoting
actual behavior change (Fuchs et al.,, 2019a; Fuchs et al., 2022).
Effective adoption of agroecology therefore requires a systems
approach (Sinclair, 2017) and the integration of transdisciplinary
perspectives and involves collaboration and co-creation of knowledge
between farmers, researchers, and other stakeholders to develop
context-specific agroecological practices (Calvet-Mir et al., 2018;
Fernandez Gonzdlez et al., 2021; Wezel et al., 2020). This also comes
from documenting what people already know about agroecological
practices and identifying knowledge gaps, which are then addressed.

In addition, the lack of local participation also results in a lack of
consideration of farmers perspectives, preferences, and needs.
Farmers’ preferences in agriculture are diverse and influenced by
several factors, ranging from personal values, geographic and climatic
conditions to Market trends and personal experiences (Duguma and
Hager, 2011; Martin-Collado et al., 2015). These preferences include
choices related to the crops they grow, whether they have livestock,
land size, family size, their knowledge of agricultural techniques, their
assessment of risk, and their future aspirations for their livelihoods
(Knapp et al., 2021; Villacis et al., 2023). Fuchs et al. (2023a) posit that
“communities will uptake and sustainably engage in such activities, if
the practices promoted by the external actor are aligned with who they
are, their livelihood activities, and what they like; and hence based on,
and responsive to, local identities, interests, and preferences (IIP).
They define local IIP as “the quintessence of people’s complex life
aspirations, influenced by their socio-cultural background, their
rational calculations, and their personal taste” (p. 2). Therefore, in this
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study, we hypothesized that co-designing contextually relevant
agroecological practices would lead to knowledge co-creation, which
in turn would contribute to agroecological transitions by optimizing
existing practices and innovating and redesigning smallholder systems
to increase production efficiency and ecological resilience (Duru et al.,
2015; Stratton et al., 2021).

Our study aimed to document all the existing agroecological
farming practices in two so-called Agroecological Living Landscapes
(ALLs) in Makueni and Kiambu counties, Kenya. Specifically,
we investigated practices related to the three focus areas discussed
above, namely soil management, water management and IPM (Kuria
etal., 2023). After identifying existing options, the second objective
was to understand the context of each practice’s performance,
including by jointly identifying the strengths and weaknesses (barriers,
gaps, and costs) of the agricultural practices that farmers were
currently implementing, and third, to identify farmers’ preferences for
innovative agroecological soil, water and IPM practices. After
presenting the methods used in the rapid innovation assessment on
which this study is based, and sharing and discussing the results in
terms of options, context, and preferences, we contextualize the rapid
innovation assessment in terms of how it informed the broader
co-design cycle that led to a participatory prioritization of
agroecological practices that were subsequently piloted and put under
trial by ALL farmers in Kiambu and Makueni counties (Fuchs
et al., 2023b).

2 Materials and methods

2.1 Study area

The study was implemented in two agroecological living
landscapes (ALLs), which are geographically bounded landscapes
where smallholder farmers, agroecology practitioners, researchers,
and other development actors have been engaged to identify, test and
promote agroecological innovations across sectors and scales in
Kenya. The two ALLs emerged from a comprehensive selection and
engagement process conducted by the CGIAR Initiative on
Agroecology (or Agroecology Initiative) beginning in September 2022
(Fuchs et al., 2023b). The targeted and purposive selection process
included the identification of so-called ALL host centers, which
provide a physical space where food system actors can meet and
interact in the spirit of co-learning and knowledge co-creation. The
Agroecology Initiative is a collaborative partnership of nine CGIAR
entities, as well as CIFOR-ICRAF, the French research institute
CIRAD, and the Agroecology Transformative Partnership Platform
(TPP). Implemented in eight countries, the main objective of the
Agroecology Initiative is to promote the application of contextually
appropriate agroecological principles by farmers and communities in
different contexts, with support from other food system actors.

Specifically, the study focused on the two ALLs located in
Makueni and Kiambu counties (Figure 1). Makueni County covers an
area of 8,214km? between latitudes 1°35" and 2°59" south and
longitudes 37°10" and 38°30” east, and has a population of 1,098,584,
while Kiambu County covers an area of 2,543.5km? between latitudes
00°25" and 10°20” south and longitudes 36°31” and 37°15 east.
Kiambu County has a population of 2,417,735, making it the second
most populous county in Kenya after Nairobi, Kenya’s capital city. The
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FIGURE 1
Map of the study and intervention areas in Kiambu and Makueni ALL.

two counties have different topography, climate, and soil conditions.
Makueni County has a low-lying terrain with hilly areas receiving
800-1,200mm of rainfall annually, while lower regions such as
Kibwezi East receive 250-400 mm. Mean temperatures range from
20.2 to 35.8°C, with cooler temperatures in the hilly areas, and
average annual rainfall of 500-750 mm of (Nyawira et al., 2023). The
Drylands Natural Resources Center (DNRC) is the Makueni ALL
host center. DNRC is a registered non-governmental organization
(NGO) whose primary goal is to promote sustainable development of
the resources of the drylands of Kenya through permaculture and
agroecology. In Kiambu County, there are four topographic zones
with different altitudes and agricultural activities. The upper
highlands act as a water catchment area, while the lower highlands
are suitable for tea and dairy farming. The midland zone faces
challenges of soil erosion (ibid). Despite Kiambu’s generally humid
climate, with annual rainfall ranging from 600 to 1,600 mm, semi-arid
areas such as Ndeiya receive about 500 mm of rainfall annually, with
April being the wettest month and July the driest. The Community
Sustainable Agriculture and Healthy Environment Program (CSHEP),
a registered community-based organization (CBO) in Ndeiya that
focuses on training smallholder farmers in agroecological and organic
practices, is the host center for the Kiambu ALL. The Agroecology
Initiative’s agriculture-related activities in the early stages of
implementation focused primarily on the areas surrounding the two
ALL host centers, while other activities spread more widely across
the ALLs.

Frontiers in Sustainable Food Systems

2.2 Sampling strategy

A total of 80 farmers equally distributed between the two
ALLs were interviewed in this collaborative rapid innovation
assessment study. A stratified random sampling approach was
used to ensure representation of the diverse and heterogeneous
study areas. This approach aimed to create a sample that accurately
reflects the biophysical and socioeconomic context and
characteristics of the entire population. In doing so, the study
enhances generalizability, promotes external validity, and
mitigates research bias.

Stratified random sampling was conducted in collaboration with
the ALL-host centers using a multi-stage approach based on five key
factors: program participation (program and non-program farmers),
geography (villages), gender, age, and land size. For example, in the
Kiambu ALL, the study interviewed 27 farmers previously trained by
Community Sustainable Agriculture and Healthy Environmental
Program (CSHEP) host centers and 13 non-CSHEP farmers. In the
Makueni ALL, 30 farmers affiliated with the Drylands Natural
Resources Centre (DNRC) and 10 non-DNRC farmers were included
in the sample. In the Kiambu ALL, farmers were selected from nine
villages in Ndeiya sub-county and ward, including Gitutha, Makutano,
Nderu, Boma, Gatarakwa, Kameria, Mirithu, Michofo, and Kiawanda
(Figure 1). In the Makueni ALL, farmers were sampled from Mbooni
East sub-county, with villages selected from two wards: Kiteta Kisau
and Waiya Usalala. Overall, this rigorous sampling approach ensures
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that the study captures a representative sample from diverse
backgrounds and contexts within the ALL regions.

2.3 Data collection and analysis

Prior to the commencing the study, ethical approval was sought
to ensure that the rights, dignity, and welfare of participants are
protected. We first submitted details of the planned research to the
ICRAF Ethics Committee, outlining the study’s aims, methods, and
potential impact of the study on participants, and obtained approval
(Jordan and Gray, 2014). In addition, prior to interviewing the
farmers, we obtained informed consent by providing each participant
with comprehensive information about the study, including the study’s
objectives, proceeding, data anonymization, voluntary participation,
and the ability to withdraw at any time without penalty (Cooper et al.,
20165 Singer, 2004). This ethical framework ensured transparency,
demonstrated respect for participants’ autonomy, and maintained the
integrity of the research process.

Data were collected in February 2023 through a survey consisting
of semi-structured questionnaires administered by researchers who
visited and interviewed the farmers at their homesteads and farms.
The process involved the researchers asking the questions verbally and
then recording the farmers’ responses on paper questionnaires. The
survey tool was modeled on and informed by previous engagement
activities, particularly the contours of the “mobilizing narratives”
identified to operationalize the “communities of place” that would
be engaged in the respective ALLs in November 2022, as well as
subsequent engagements that generated community visions for
desired future changes that could accelerate agroecological transitions
in the ALLs (Fuchs et al., 2023a). The results of these transdisciplinary
exercises helped to identify the key challenges that stakeholders were
collectively interested in addressing in agroecological transitions and
allowed categorizing them into the three main focus areas (soil, water,
and integrated pest management) in which solutions were
subsequently co-created. These focus areas served as a roadmap for
developing tools for further research and became the conceptual
vehicle for future co-design engagements.

The survey covered general farm and farmer characteristics, existing
innovative agroecological practices, the context of their implementation
and performance, availability of practice-specific materials, sources of
knowledge related to their implementation, farmers’ understanding of
the underlying scientific mechanisms, strengths and challenges, costs
and labor requirements, associated crops, etc. Both open- and closed-
ended questions were used. Questions related to socio-demographic and
farming system characteristics were primarily closed-ended, while those
assessing practices combined closed-ended and open-ended questions.
The inclusion of open-ended questions, which refers to questions that do
not have a set of response options (Ziill, 2016), allowed farmers to
provide detailed contextual information based on their personal
experiences. To ensure that specific agroecological practices were
correctly identified and mapped to their respective focus areas, keeping
in mind that many practices serve multiple purposes and may be mapped
to two or more focus areas depending on farmer’s practice, the team
developed an initial complementary classification of all soil, water, and
integrated pest management practices—including agroecological and
non-agroecological (Kuria et al., 2023). A team of researchers from
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CIFOR-ICRAE the Alliance of Bioversity International and the
International Center for Tropical Agriculture (CIAT), the International
Institute of Tropical Agriculture (IITA), and the ALL-host centers
provided training and pre-testing, and administered the questionnaires.

The collected data were cleaned by removing outliers, correcting
spelling errors, removing duplicate entries, and checking for errors and
inconsistencies (Osborne, 2010). Next, qualitative data from open-
ended questions were coded, either by assigning numerical codes or
by reclassifying responses from open-ended questions into broader
categories to facilitate statistical analysis (He and Schonlau, 2020). The
data were then subjected to descriptive analysis and visualized in a
variety of ways, for example, the socio-economic characterization of
farmers and the results of the co-design trial prioritization were
presented in tables. R software (R Core Team, 2020) was used to
generate heat maps that were used to visualize cross-tabulation results,
namely all agroecological practices found on farms, strengths, benefits
and challenges associated with inventoried agroecological practices,
while ggplots were used to visualize practices inventoried by farmers
and costs associated with different practices. ATLAS.ti software
(ATLAS.ti Scientific Software Development GmbH, 2023) was used to
generate Sankey diagrams of farmer’s future preferred practices and to
illustrate the multiple functions preferred in the three focus areas of
soil management, water management, and IPM.

2.4 The co-design workshop process
methodology

As mentioned above, the rapid innovation assessment was
conducted in the context of a broader co-design cycle (Figure 2), the
main objective of which was to test and put co-created innovative
agroecological practices under trial in both ALLs (Fuchs et al., 2023b).
The first actual co-design design workshop was highly methodical and
followed a clear sequence. We held three-day integrated workshops in
each of the ALLs between July and August 2023, bringing together
farmers, ALL host centers, the Agroecology Initiative project team,
and additional research, technical and extension stakeholders together
to discuss the most appropriate and desired options to be tested
through trials at the ALL centers and in farmers’ fields (Watts-Englert
and Yang, 2021). Willing and agroecology-motivated participants
were purposively selected to ensure broad representation, with 15
individual farmer groups selected and two members (a man and a
woman) per group invited to the workshops. At least 50% of the
farmers who participated in the co-design workshops had also been
interviewed during the rapid assessment.

The co-design workshops consisted of seven steps. In step 1, the
results of the rapid assessment, which included the participating
farmers’ own views, were presented to the stakeholders. To visually
support the data sharing, we prepared posters for each of the top three
to five practices per focus area that provided a simple overview of the
key findings from the innovation assessment. This included a broad set
of existing soil, water and IPM options encountered and the context
including benefits, challenges and preferred innovative practices
identified. In Step 2, participants added other innovative practices that
had not been identified or highlighted by the Agroecology Initiative
team. Step 3 was to collectively narrow down the list of preferred
innovations to a few agroecological innovations to be tested in
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Stepwise proceeding followed in the onfarm innovation codesign.

monitored trials. After selecting the respective practices, Step 4
involved deliberations among participants on relevant selection criteria
and the selection of the respective host test crops. Step 5 involved
defining a strategy for setting up the trials for the selected agroecological
innovations. Step 6 involved the development of appropriate protocols
for the evaluation of the selected agroecological innovations, in which
the farmers discussed desirable, measurable and observable criteria.
Step 7 involved the collective identification of criteria for identifying
the trial participants and a preselection of the participants. Once the
co-design workshops were completed, two additional steps included
Step 8, which involved technical training including practical
demonstration of trial establishment in the ALL centers. After that the
trials were established with the onset of the rains in a last step.

3 Results
3.1 Socio-economic characterization

The average household land size was 1.73ha in the Makueni
ALL and 0.84 ha in the Kiambu ALL respectively, while the average
age of the interviewed farmers was 56 years in both ALLs (Table 1).
More than 70% of the farmers interviewed in both ALLs were
female, while more than 72% of the households sampled were male
headed. Almost all (96%) respondents indicated farming as their
main source of livelihood. Food self-sufficiency was recorded at
8.2+ 4.0 months in Kiambu and 6.6 + 3.7 months in Makueni. The
top four crops grown in Kiambu were maize, beans, vegetables, and
Irish potatoes; while maize, beans, cowpeas, and pigeon peas were
the top four crops grown in Makueni. Most respondents reported
practicing natural or ecological farming (85% in Kiambu, 72% in
Makueni), and agroforestry (85% in Kiambu, and 98% in Makueni).
Soil quality was described as “medium” by most farmers (78% in
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Kiambu, 51% in Makueni), with a considerably higher percentage
in Makueni (28%) describing it as “low.” In both the Makueni ALL
and the Kiambu ALL, all farmers reported experiencing climate and
yield changes in their main crops over the past 5-10 years. The two
most common climate-related changes identified by farmers were
drought due to low rainfall (52 respondents; 65%) and poor yield
(29 respondents; 36%).

TABLE 1 Socio-economic characteristics of farmers in Kiambu and
Makueni ALLs.

Overall
n =80

Characteristics Kiambu Makueni

ALLn=40 ALLn=40

Farm size (ha) 0.84+0.76 1.73+1.44 1.29+1.23
Age 56+15 56+13 56+14
Gender

Females 29 (72%) 31 (78%) 60 (75%)
Males 11 (28%) 9 (22%) 20 (25%)
Family type

Female-headed

household 12 (30%) 10 (25%) 22 (28%)
Male-headed household 28 (70%) 30 (75%) 58 (72%)
Family size 4.77+1.83 5.78+1.85 528+1.89
Level of education

None 1(2.6%) 1(2.5%) 2 (2.6%)
Primary 15 (39%) 22 (55%) 37 (47%)
Secondary 20 (53%) 14 (35%) 34 (44%)
Tertiary 2(5.3%) 3(7.5%) 5 (6.4%)

Data are presented as number (percentage); mean + standard deviation.
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3.2 Existing soil, water and integrated pest
management practices identified by
farmers

A total of 31 agroecological practices were identified on respondents’
fields in both ALLs, with 29 and 18 practices being mentioned in Kiambu
and Makueni, respectively. There were 18 common practices, while 13
were unique to the sites. While many practices do serve multiple
purposes, no practice was mentioned in all three focus areas during the
options inventory. Practices that farmers reported implementing for both
soil and water management were agroforestry, mulching, raised beds,
sunken beds, terraces and zai pits. Practices that farmers implemented
for both soil management and IPM were crop rotation and intercropping.

A total of 16 soil management practices were classified by
farmers as being used for soil management, with all 16 reported by
the farmers in the Kiambu ALL and 9 in the Makueni ALL
(Figure 3). Farmyard manure (61%) and compost manure (53%)
were the most reported soil management practices mentioned in
both ALLs. Crop rotation (33%) and intercropping (30%) were
more frequently mentioned in Kiambu while agroforestry (40%)
and terraces (33%) were more commonly mentioned as serving soil
management functions in Makueni. Similarly, 16 practices were
reported to have water management functions. Thirteen of these
were mentioned in Kiambu and 10 in Makueni. In Kiambu, the
main water management practices reported by farmers were
mulching (35%), multistorey kitchen gardens (30%), and water
recycling (30%). In Makueni, water harvesting/storage tanks

10.3389/fsufs.2024.1456620

(35%), terraces (33%), and Zai pits (17%) were most frequently
mentioned. Finally, a total of eight practices were mentioned as
serving integrated pest management functions on the farms visited
in both ALLs. Eight practices were mentioned in Kiambu, while
only three were reported in Makueni. The use of plant-based
biopesticides was the most common practice in both ALLs,
mentioned by 88 and 38% of farmers in Kiambu and Makueni,
respectively. Further, farmers in Kiambu used repellent plants
(25%) and practiced crop rotation (15%) and intercropping (15%)
to manage pests.

In addition to specific host crops, several agroecological practices
were implemented on the surveyed farms (Table 2). In Kiambu, practices
applied to all crops included: agroforestry, compost, biogas sludge; while
those applied mostly to vegetables were farmyard manure, mulching,
multistorey kitchen gardens, plant-based biopesticides, sunken beds,
traps, water harvesting and water recycling. The practices used for maize
and beans were crop rotation, intercropping, mulching and farmyard
manure, while the practices used for fruit trees were terraces and water
harvesting. In contrast, in Makueni, the practices applied to all crops
included: plant-based biopesticides, compost, terraces, zai pits and water
recycling; while the practices applied mostly to vegetables were compost,
crop rotation, farmyard manure, mulching, multistorey kitchen gardens,
and plant-based biopesticides. The practices applied to cereals (maize,
sorghum) and legumes (beans, cowpeas, pigeon peas, green grams) were
agroforestry, compost, crop rotation, intercropping, mulching, and water
harvesting; while the practices applied to fruit trees were: plant-based
biopesticides and compost.
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Water harvesting/storage tanks
Traps

Timely planting/cultivation
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Sunken beds

Soap

Repellent crops
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FIGURE 3
All the practices encountered in Kiambu and Makueni ALLs.
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TABLE 2 Host crops associated with various agroecological practices from inventoried farms.

Kiambu ALL

Agroecological practice

Host crops

10.3389/fsufs.2024.1456620

Makueni ALL

Agroecological practice

Host crops

Agroforestry (n=2)

All crops

Agroforestry (n=7)

Agroforestry trees were mostly
integrated within the cropland and
grown together with all crops,
including maize, beans, cowpeas,

pigeon peas, and sorghum

Ash biopesticides (n=3)

Mostly used in maize

N/A

N/A

Biogas sludge (n=1)

Applied to all crops

N/A

N/A

Compost (n=13)

Applied to all crops, including
vegetables (kale, tomatoes, spinach),

maize, beans, and Irish potatoes

Compost (n =11)

Mainly used to grow a wide range
of crops, including maize, black
beans, beans, pigeon peas, potatoes,

vegetables, and fruit trees.

Crop rotation (n=4)

Crops mostly were maize, beans,

and vegetables

Crop rotation (n =6)

Crops mainly rotated were maize,

beans, and vegetables.

Drought-resistant crops (n=1)

Drought-tolerant crops planted
include cassava, pigeon peas, sweet

potatoes, and black beans

Earth dams (n=1)

N/A

Earth dams (n =2)

Used to provide water to bananas,

Napier grass, and pumpkins.

Farmyard manure (n=10)

Mainly applied on vegetables, maize,

and fruits such as strawberry

Farmyard manure (n =19)

Mainly used on maize, beans, and

vegetables.

Hugo culture (n=1)

N/A

N/A

N/A

Intercropping (n=2)

Maize was mostly intercropped with
beans. Leguminous Calliandra spp.

were also used for intercropping.

Intercropping (n =2)

Intercropping was done between
cowpeas, pigeon peas, beans, and

maize.

Mulching (n=9)

Mainly practiced on vegetables, but

also on maize and beans

Mulching (n =3)

Mulching was mostly done on
maize, beans, pigeon peas, and

cowpeas.

Multistorey kitchen gardens (n=8)

Only vegetables are grown in

multistorey gardens

Multistorey kitchen gardens (n =1)

Used for vegetables, maize, and

potatoes.

Plant-based biopesticides (n=16)

Used to control pests on vegetables

Plant-based biopesticides (n =10)

Applied on all crops, including fruit
trees (oranges, mangoes,
avocadoes); for controlling pests on
trees such as Grevillea robusta and
Senna spp.; and for vegetables,
bananas, maize, beans, cowpeas,

and pigeon peas.

Sunken beds (n=1)

Vegetables

N/A

N/A

Terraces (n=2)

Terraces were used for growing
vegetables and leguminous fodder
tree species (e.g., Desmodium and

Calliandra)

Terraces (n=14)

Used for growing all crops.

Traps (n=1)

Mainly practiced on fruit trees and

vegetables

N/A

N/A

Trenches (n=1)

N/A

Zai pits (n =4)

Used for growing all crops.

Water harvesting (n=7)

Harvested water was mainly used
for livestock, growing vegetables and
fruits, and raising tree seedlings in

nurseries

Water harvesting (n =8)

Water harvested was used for
growing vegetables, green gram,

and maize.

Water recycling (n=6)

Mostly used for growing vegetables

Water recycling (n =1)

Recycled water was also used on all

crops.
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3.3 Context: performance and evaluation
of inventoried soil, water, and IPM
practices

After inventorying existing practices, respondents assessed the
context in which the existing agroecological practices were
implemented and their performance in the respective settings.
Farmers were asked to document at least two practices that were of
high importance to them. Thus, the in-depth contextual study does
not provide information on all practices, but only on those that
were prioritized.

3.3.1 Soil, water, and IPM practices included in
additional contextual analysis

Respondents provided additional contextual information on a
total of 26 of the 31 practices that cut across the three functions, of
which 25 were inventoried in the Kiambu ALL, and 13 in the Makueni
ALL (Figure 4). A total of 12 common practices were evaluated in
both ALLs, with the main ones in Kiambu being plant-based
biopesticides, compost manure, farmyard manure, mulching, and
multistorey kitchen gardens. In Makueni, farmers mainly discussed
farmyard manure, terraces, compost manure, plant-based
biopesticides, water harvesting, and agroforestry. Zai pits were unique

to Makueni farmers.

10.3389/fsufs.2024.1456620

3.3.2 Benefits and functions associated with soil,
water, and IPM practices

In their open-ended responses, respondents identified a total of
19 benefits and functions associated with the agroecological practices,
which fell under 10 of the 13 agroecological principles across all the
three broad operational principles for sustainable food systems
(Figure 5). Eleven of the 19 benefits belonged to the operational
principle of strengthening resilience agroecology, five benefits
belonged to securing social equity and three benefits to improving
resource efficiency.

Most of the benefits were associated with the broader operational
principle of strengthening resilience, which includes agroecological
principles 3 to 7. Under soil health, for example, biogas sludge (100%),
compost manure (73%) and crop rotation (67%) were highly associated
with improving soil fertility; while strip cropping, trenches, sunken beds
(100%), terraces (79%) were perceived as beneficial in controlling soil
erosion control; biogas sludge and traps (100%) were associated with
reduced environmental pollution, while intercropping (50%) was seen
as enhancing beneficial soil macrofauna. Several practices were said to
contribute to the synergy principle through water conservation and
water use efficiency, such as hugo culture, strip cropping, sunken beds,
water pans and water retention ditches (100%) and water harvesting
(88%); while agroforestry was said to contribute to microclimate
regulation by providing shade (59%). The principle of economic
diversification was mainly associated with practices that provide income

Kiambu ALL
Farmyard manure 25
Plant-based biopesticides
Compost 325
Terraces 5
Water harvesting 175
Mulching 225
Crop rotation 10
Multistorey kitchen gardens 20
Agroforestry 5
Water recycling 15
Intercropping 5
Ash biopesticides 5
Earth damsq{ |25
Weeding{ |25
Water retention ditch 25
Water pan{ |25
Trenches{ |25
Traps{ |25
Sunken beds 25
Strip cropping{ |25
Mixed farming (crops & livestock){ [2s
Hugo culture{ |25
Drought-torelant crops 25
Drip irrigation 25
Biogas sludge{ |25

Agroecological practice

Practices inventoried by farmers in Kiambu and Makueni ALL

Makueni ALL

Farmyard manure 50

Plant-based biopesticides 25

Compost 215

Terraces 35

Water harvesting 20

Mulching 75

Crop rotation 15

Multistorey kitchen gardens{ 25

Agroforestry 175

Zai pits 10

Water recycling]{ |25

Intercropping 5

Earth dams 5

FIGURE 4
Practices inventoried by farmers in Kiambu and Makueni ALLs.
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and additional livelihood products diversification mainly biogas sludge,
drip irrigation (100%), and agroforestry (71%). Improved animal health
was associated with livestock fodder from strip cropping (100%),
agroforestry and vegetation planted along terraces (50%).

Key benefits associated with the operational principle of securing
social equity included: fairness through practices perceived as being
cost effective such as weeding and planting of drought-tolerant crops
(100%), farmyard manure (35%) and mulching (33%); while some
practices were perceived as not being labor intensive such as drip
irrigation, weeding (100%), water harvesting (34%) and mulching
(33%). Social values and diets benefits included increased food security
through drought-tolerant crops (100%); while practices associated
with producing healthy and safe foods included the use of traps (100%)
and plant-based biopesticides (18%). Finally, the operational principle
on improving resource efficiency was mainly associated with input
reduction through practices such as: reduced use of chemical pesticides
through the use of ash-based biopesticides (67%), crop rotation (59%),
and plant-based biopesticides (41%); while practices associated with
the use of locally available raw materials that contribute to both input
reduction and the use of local renewable resources included compost
manure (23%), mulching (22%), plant-based biopesticides (18%),
water recycling (17%), and farmyard manure (15%).

3.3.3 Challenges associated with soil, water, and
IPM practices

In response to an open-ended question, farmers mentioned 13
challenges that limit the success or effectiveness of the soil, water and

Frontiers in Sustainable Food Systems

11

IPM practices they use (Figure 6). The most common challenges
included: drought and water scarcity, being labor intensive, being
costly and unaffordable, limited know-how, shortage of raw materials,
being susceptibility to weather variability, and susceptibility to pest
infestation. These challenges are discussed in subsequent sections.
Drought and the water shortage was the most serious challenge,
reported to affect numerous practices namely: multistorey kitchen
gardens (100%) and agroforestry in both Makueni (71%) and Kiambu
(50%); crop rotation (75%) and water harvesting (67%) in Kiambu;
and mulching (67%) in Makueni.

Another challenge widely mentioned across both ALLs was that
many practices were labor intensive. Some of the key practices
perceived as labor intensive and time consuming were mentioned
mainly in Kiambu and include construction and maintenance of
structural practices such as terraces, trenches, sunken beds, and water
retention ditches (100%), hugo culture (100%), multistorey gardens
(100%) and weeding (100%), mulching and agroforestry (50%). In
Makueni, fewer practices were perceived as labor intensive, including
terraces (57%) and zai pits (50%). Some farmers reported having
limited know-how of how to implement or do some practices, for
example in Kiambu namely traps (100%), crop rotation (25%), and
mulching (17%); while in Makueni, farmers had limited knowledge of
compost manure (27%). Scarcity of raw materials was also mentioned
especially in Makueni, namely for plant-based biopesticides (40%),
mulching (33%), farmyard manure (26%), and compost (18%). In
Makueni, pests were also reported in practices such as intercropping
(50%), mulching (33%), compost (27%) and tree seedling establishment
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FIGURE 6
Challenges associated with the inventoried soil, water, and IPM agroecological practices.

in agroforestry (14%). In Kiambu, agroforestry (trees) was blamed for
harboring wild animals (100%) that would consume the planted crops.

Another challenge mentioned in both ALLs was that some
practices were considered as being costly and therefore farmers could
not afford to implement them. Farmers identified four types of costs
associated with the inventoried soil, water, and IPM practices: the cost
of initial labor to implement the practices, the cost of purchasing raw
materials and equipment, the cost of labor to maintain the practices,
and the cost of transportation. The analysis showed that the highest
costs in implementing the practices were associated with the initial
labor required. In Kiambu, practices with high initial labor cost
include agroforestry (100%), drought-tolerant crops (100%),
intercropping (100%), terraces (100%), and water harvesting (86%) as
shown in Figure 7. Maintenance labor costs were mostly incurred in
crop rotation (25%), while the costs associated with raw material
purchases included biogas sludge (100%), agroforestry (100%),
drought-tolerant crops (100%), earth dams (100%), and multistorey
kitchen gardens (100%). On the other hand, practices such as hugo
culture (100%) and plant-based biopesticides (50%) were found to
be the most cost-effective and affordable to install.

In the Makueni ALL, practices that were perceived to have the
highest initial labor costs included earth dams, multistorey kitchen
gardens and water recycling (100%), as shown in Figure 8. Practices
incurring maintenance costs included crop rotation (50%) and
agroforestry (43%), while practices that incurred high costs of
purchasing raw materials included earth dams (100%), water
harvesting (100%), and water recycling (100%). Water recycling

Frontiers in Sustainable Food Systems

12

further incurred transportation costs (100%). In addition, the analysis
identified several practices that were perceived as easy to implement
without the need for financial resources. These practices were plant-
based biopesticides, mulching, crop rotation, farmyard manure (if
sourced from own animals), and compost.

3.4 Farmer preferences in soil, water, and
integrated pest management practices

Looking specifically at practices that the respondents would like
to implement in the future, respondents in Makueni preferred to
implement nine individual soil management practices (Figure 9A),
with the most preferred ones being agroforestry (26%), compost
manure (22%), and terraces and mulching (22%). Farmers preferred
to implement 10 water management practices (Figure 9B), with the
most preferred being agroforestry (26%), terraces (26%), earth dams
(14%), and zai pits (11%). Farmers preferred to use six IPM practices
(Figure 9C), with the most preferred being plant-based biopesticides
(72%), crop rotation (15%), and intercropping (4%). In Kiambu,
respondents preferred to implement 13 individual practices for soil
management, with the most preferred ones being compost manure
(20%), agroforestry (16%), crop rotation (14%) and mulching (11%)
as shown in Figure 10A. Farmers preferred to implement 16 water
management practices (Figure 10B), with the most preferred being
water harvesting (34%), water recycling (13%), mulching (9%) and
water pans (8%). Farmers preferred to implement nine IPM practices
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FIGURE 7
Costs associated with inventoried agroecological practices in Kiambu ALL.

(Figure 10C), with the most preferred being plant-based biopesticides
(50%), ash-based biopesticides (17%), and traps (9%).

The assessment results showed that several practices were
mentioned as preferred practices under two or all three focus areas. In
Makueni, practices that could address all three functions were
agroforestry (21%), and mulching (5%) as shown in Figure 11A. In
addition, practices that were preferred to address both soil and water
management needs were terraces (17%) and zai pits (6%). Practices
mentioned under both soil management and IPM were crop rotation

(6%) and intercropping (1%). On the other hand, in Kiambu, the
preferred practices mentioned under both soil and water management
were mulching (7%), multistorey gardens (4%), terraces (3%), and zai
pits (2%); while the preferred practices for water management and
IPM were water recycling (6%) and water pans (3%) as shown in

Figure 11B.

3.5 Co-design and implementation of soil,
water and IPM agroecological innovations

As mentioned previously, the co-design workshops consisted of
seven steps (Figure 2). Resulting from steps 1, 2, and 3 of the co-design
workshops, three specific innovative practices were chosen for farmer
experimentation in each ALL. In the Kiambu ALL, participants
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selected to implement the integration of compost manure for soil
management, mulching for water management and plant-based
biopesticides for IPM (Table 3). In the Makueni ALL, participants
selected farmyard manure for soil management, terraces for water
management and plant-based biopesticides for IPM.

In step 4, farmers in both ALLs developed comprehensive crop
selection criteria. Although conducted separately, participants
identified five common criteria: the proposed crop had to be adaptable
to local conditions, mature within the project period, have a readily
available market, have low water requirements, and have high nutrient
content. Additional unique criteria identified by Kiambu stakeholders
included availability of seeds and planting materials, high yield
potential, high susceptibility to pests for effective biopesticide testing,

contribution to household food security and nutrition, economic
significance to the local community, potential for value addition, and
social acceptability. Stakeholders in Makueni identified additional
unique criteria, namely the most popular and commonly used crops
that most local farmers can adopt, crops that are disease resistant and
tolerant, crops with local varieties, and crops that would be appropriate
for the available space and farm sizes. As a result, in Makueni, due to
limited space and farmers’ familiarity with intercropping, farmers
unanimously agreed to intercrop two test crops, namely maize (Zea
Mays) and beans (Phaseolus vulgaris L.) to experiment with all three
practices. Based on the above criteria, farmers in Kiambu agreed to
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Agroforestry (n =17, 26%) Agroforestry (n = 26, 28%)
Plant-based biopesticides (n = 38, 72%)
I Terraces (n = 24, 26%)
) 7' Crop rotation (n = 8, 15%)

I Compost manure (n = 14, 22%)
Water Management (n = 92, 100%)

Soil management (n = 65, 100%)
Terraces (n = 13, 20%)
Mulching (n =7, 11%)
Crop rotation (n = 4, 6%)
Farm yard manure (n = 4, 6%)
Zai pits (n = 3, 5%)
Grass reseeding (n = 2, 3%)
Intercropping (n =1, 2%)

FIGURE 9
Agroecological practices preferred by farmers in Makueni ALL.

D Earth dam (n = 13, 14%)
© Intercropping (n = 2, 4%)

Zai pits (n =10, 11%)
Mulching (n = 2, 4%)

Water harvesting (n = 5, 5%)

Water ponds (n =5, 5%)

Water storage (n =5, 5%)

g 02,29 Agroforestry (n =2, 4%)
Traps (n=1,2%)

Water recycling (n = 1, 1%)
Water retention ditch (n = 1, 1%)

the test plot for the agroecological innovation and the control plot would
be located adjacent to each other. This proximity was essential to minimize

test the selected soil and water management practices on spinach
(Spinacia oleracea), while cabbage (Brassica oleracea var. capitata) was

chosen for IPM due to its high susceptibility to pests (Table 2).
In step 5, which involved defining the experimental design strategy,

the participants decided to maintain their conventional practice on the
control plots for each of the selected innovative practices to be tested,
rather than adopting a uniform control protocol. It was decided that both
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any potential variation due to differences in soil fertility and landscape
orientation by maintaining similar slope characteristics for both plots.
Step 6 involved the development of monitoring protocols in which farmers
deliberated on and agreed to measurable and observable criteria to

be monitored and recorded at two-week intervals. These included
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Kiambu ALL's Preferred Soil Management Practices

FIGURE 10
Agroecological practices preferred by farmers in Kiambu ALL.
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FIGURE 11

Preferred practices and their multiple functions identified in Makueni and Kiambu ALL.

Makueni ALL's preferred practices per
priority area

DP\ant-based biopesticides (n = 38, 18%)

U IPM (n = 53, 24%) —Traps (n=1, 0%)

I3 Crop rotation (n = 12, 6%)

= Intercropping (n = 3, 1%)

= Mulching (n = 11, 5%)

[3 Compost manure (n = 14, 6%)

o
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’ - = Grass reseeding (n = 2, 1%)
HSoll management (n-= 6/9,32%) = Soil analysis (n = 4, 2%)
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-

|:|Terraces (n=37,17%)
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== Water harvesting (n = 5, 2%)
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quantifiable parameters such as crop yield, growth rate, leaf surface area,
plant nutrient content and shelf life; and observable parameters such as
plant color, plant vigor, size of produce or leaves/biomass, presence of pests
and diseases, weed density and maturity period. Additional factors to
be considered included production costs (including labor), marketability
of the crop, and rainfall frequency, timing and intensity. The technical team
recommended that data collection be conducted in two phases. First, initial
baseline data was collected, which included soil sampling prior to land
preparation and recording of the farm management history. Once
established, the actual trial data were collected through three levels of
monitoring and data collection by participating trial farmers, ALL host
center staff, and Agroecology Initiative researchers.

Step 7 involved the joint definition of selection criteria for trial
farmers, followed by their selection according to the criteria. In each
ALL, participants first discussed the selection criteria for potentially
eligible trial participants. In Kiambu, five criteria were identified,
including: possession of physical assets, namely ownership of at least two
plots of land measuring 6 m by 5m; interest in participating in the trials;
openness to innovation and adopting new practices; communication
skills and willingness to share knowledge; and possession of desirable

Frontiers in Sustainable Food Systems

personal attributes, such as high integrity and hospitality. The Makueni
participants also came up with five selection criteria for trial farmers,
namely: ownership of a farm with at least one plot (5mx6m) and having
the necessary resources such as animal manure; willingness to carry out
the trials; keeping timely records; willingness to host field day participants
and researchers in their homes for measurements and demonstrations;
and willingness to provide labor. Other criteria were openness to
innovation and implementing new knowledge and skills; good
communication skills; and positive personal attributes, namely strong
family relationships with the community and no existing conflicts.

To make the process inclusive and fair, the trial participants
decided to report back to their respective farmer groups, and then
inform the Agroecology Initiative team on the selected persons,
rather than deciding at the workshops. In the end, a total of 63 willing
farmers were selected (30 in Kiambu, and 33 in Makueni; that is, 10+
farmers per focus area). In Makueni, 73% of the selected trial
participants were female and 27% were male farmers, and in Kiambu,
50% were male and 50% were female farmers. Upon completion of
the co-design workshops, Step 8 involved the Agroecology Initiative
technical team conducting integrated technical trainings and
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TABLE 3 Prioritization and final selection of agroecological practices to be implemented and associated test crops.

Prioritization and final selection of agroecological practices to be implemented and test crops

Kiambu ALL Makueni ALL

Top 4 priority practices Top 3 priority practices Final agroecological Top 4 priority practices Top 3 priority practices Final agroecological
identified from the identified during co- practice and test crop identified from the identified during co- practice and test crop
onfarm joint assessment | design workshops selected for trial onfarm joint assessment design workshops selected for trial

Soil management

1. Compost manure 1. Compost manure

2. Agroforestry 2. Agroforestry 1. Compost Test crop:

3. Crop rotation 3. Mulching spinach

4. Mulching

1. Agroforestry 1. Farmyard manure

1. Farmyard manure test

2. Compost manure 2. Terraces

crops: maize and beans
3. Terraces 3. Compost manure .
intercrop

4. Mulching

Water management

1. Water harvesting 1. Water harvesting

2. Water recycling 2. Mulching

1. Mulching test crop:

3. Mulching 3. Water pans spinach

4. Water pans

1. Agroforestry 1. Farm ponds

2. Terraces 2. Terraces

1. Terraces crops: maize

3. Earth dams 3. Water recycling and beans intercrop

4. Zai pits

Integrated pest management (IPM)

1. Plant-based
1. Repellent crops

biopesticides

2. Ash-based 2.Plant-based 1. Plant-based

biopesticides biopesticides biopesticides test crop:
cabbage

3. Repellent crops 3. Mulching

4. Traps

1. Plant-based
1. Intercropping
biopesticides

2. Plant-based 1. Plant-based

2. Intercropping

biopesticides biopesticides crops: maize
3. Ash-based and beans intercrop

3. Crop rotation
biopesticides

4. Repellent crops

practical field demonstrations for all three identified practices at the
respective ALL host centers with all selected trial participants in each
ALL. The trainings focused on sharing technical skills, with an
additional focus on trial establishment and monitoring. To build
capacity as broadly as possible, all 63 trial participants were trained
in all three practices in integrated three-day workshops facilitated by
the Agroecology Initiative team and technical experts. This was
followed by Step 9, the trial establishment on farms. Farmers were
given hard copies of the co-designed monitoring sheets to be able to
record observations and crop performance (using the indicators
listed in Step 6) to build their observation and record keeping skills
and knowledge, which are critical for assessing the performance of
cropping systems over time and for timely adaptation of
agroecological practices based on contextual needs to achieve optimal
crop production. In Step 10, intra-ALL and inter-ALL farmer-to-
farmer knowledge exchanges were organized to foster peer learning,
joint reflection, strengthen social networks among farmers, which, in
turn, support the development and refinement of sustainable and
contextualized farmer-led agricultural innovations.

4 Discussion

4.1 Understanding household dynamics in
agroecological design

The results showed distinct differences in land size, gender
dynamics and other household demographics between the Makueni and
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Kiambu ALLs, highlighting the importance of considering household
characteristics when designing agroecological practices (Liani et al,
2023). For example, there were differences in average household land
size in the two ALLSs (1.73 ha in Makueni and 0.84 ha in Kiambu), which
may have influenced the most planted crops beyond agroclimatic factors
(Manjunatha et al,, 2013). While farmers in Makueni mainly planted
maize, beans, cowpeas and pigeon peas, 75% of respondents in Kiambu
planted vegetables in addition to maize, beans, and potatoes. This can
be interpreted as farmers in Makueni adopting more traditional farming
practices compared to more intensive and market-oriented practices in
Kiambu. This has been observed elsewhere, with additional influencing
factors being access to ready markets, access to economic resources and,
of course, agro-climatic conditions (Esquivel et al., 2021).

The average age of farmers in both ALLs was 56 years, highlighting
the generational continuity of farming, with older farmers dominating.
Older age may have posed a challenge in terms of farmers’ inability to
engage in labor-intensive agricultural activities (Benin et al., 2004), as
evidenced by the fact that several practices, including terraces, zai pits,
mulching and multistorey kitchen gardens were described as labor-
intensive. This emphasizes the need to design and implement
agroecological practices that are less labor intensive and easy to
implement (Mekuria et al., 2022); or to find innovative ways to adapt
existing practices to reduce labor requirements and enable effective
and sustainable adoption of such interventions. The average age of our
respondents may also indicate that fewer youths are engaging in
agricultural activities. This is particularly true as more youth in
sub-Saharan Africa migrate to urban areas in search of paid labor
(Castaneda-Navarrete, 2021; Crossland et al., 2021a); although our
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results may partly be related to the sampling framework and the
relatively small sample size overall.

Furthermore, although 72% of households surveyed in both ALLs
were male headed, the majority of farmers interviewed (70%) were
women. The low number of men interviewed was mainly due to
factors such as men migrating to towns in search of better livelihood
opportunities and engaging in off-farm activities such as petty trading
(Crossland et al., 2021b; Greiner and Sakdapolrak, 2013). In Kenya, as
in most sub-Saharan countries, even though agricultural activities are
mostly undertaken by women and low agricultural productivity is
mostly experienced by women (Awiti, 2022), men typically hold most
of the land and are the main decision makers (Errico, 2021; Holden
and Tilahun, 2020). Therefore, women have limited or no control or
access to the productive resources on which agricultural activities
depend (Valencia et al., 2021). To creatively address this potential
conflict, during the co-design workshops, both men and women were
encouraged to participate, and they were sensitized on the need for
collective decision making and participation in agricultural innovation
design, implementation and management (Madzorera et al., 2023;
Sariyev et al,, 2021). Other approaches that have been used to close the
gender gap include implementing policy reforms that are gender-
inclusive, transformative and responsive, and that take into account
the unique gender differences that exist such as differences in gender
roles, knowledge, skills, experiences, constraints and opportunities,
access to resources, rights to resources and decision-making (Lopez
etal., 2022; McGuire et al., 2022). Examples of practical approaches
include promoting equity by empowering women with skills and
access to economic resources to improve the food security outcomes
of their farming activities (Farnworth et al., 2023; Shrestha et al,,
2023). Other approaches relevant to the sub-Saharan context include
involving both men and women, or husbands and wives, in the
selection, design, and implementation of agroecological practices so
that innovations to have more gender-responsive and inclusive
outcomes (Crossland et al., 2021a; Paudyal et al., 2019).

4.2 Farmers’ knowledge and priorities
inform co-design of multifunctional and
inclusive agroecological practices

The results showed that farmers identified 31 practices (29 in
Kiambu and 13 in Makueni), of which 18 and 13 were unique to
Kiambu and Makueni, respectively. The results further showed that
farmers preferred a diverse range of 26 soil, water and IPM
agroecological practices that they were interested in adopting and/or
maintaining on their farms, with more practices mentioned in Kiambu
compared to Makueni. This highlights the underlying high
heterogeneity of the farming systems and the different needs and
priorities of farmers (Kihoro et al., 2021; Vanlauwe et al., 2014).
Furthermore, while Makueni was dominated by farmyard manure,
terraces, and water harvesting techniques reflecting a greater emphasis
on soil conservation and water scarcity, Kiambu was dominated by
organic input-based practices mainly plant-based biopesticides,
compost manure, and mulching. The contextual variations highlight
the need to understand the local context and thus tailor agroecological
interventions to the context (Coe et al., 2014; Mutemi et al., 2017).

This study also found that farmers prefer agroecological practices
that address multiple functions of soil, water and integrated pest

Frontiers in Sustainable Food Systems

17

10.3389/fsufs.2024.1456620

management on their farms. For example, in Makueni, agroforestry
and mulching were highlighted as preferred practices that address all
three functions of soil, water and integrated pest management
simultaneously. However, farmers preferred terraces and zai pits for
meeting the soil and water management functions; and crop rotation
and intercropping serving both soil management and pest
management functions, in line with (Lasco et al., 2014). In Kiambu,
farmers’ preference for compost manure and water harvesting in
meeting their soil and water management needs is in line with
previous studies that have demonstrated the benefits of practices that
enhance water use efficiency and organic soil amendments (Adugna,
2016). These findings are consistent with the concept of
multifunctional and multipurpose agriculture (Sivini and Vitale,
2023), and highlight the need to promote agroecological practices that
serve multiple functions through synergies and complementary
ecological interactions (Stefanovic et al., 2020).

Despite the inventoried agroecological practices contributing to
multiple benefits, farmers identified only 20 distinct benefits that
aligned with 10 of the 13 agroecology principles they derived,
highlighting the need for awareness raising as part of co-designing
agroecological practices. The benefits were derived from open-ended
questions. Open-ended formats allow respondents to express their
views (Reja et al., 2003). In terms of the three broader operational
principles of agroecological sustainable food systems, 11 benefits
reported by farmers fall under the seven agroecological principles that
are categorized under the broader principle of strengthening resilience
(Wezel et al., 2020). Consistent with the literature, many benefits were
associated with the soil health principle, which received significant
attention, with practices such as compost manure and crop rotation
understood as contributing to increased soil fertility; terraces and strip
cropping to soil erosion control while intercropping was viewed as
enhancing beneficial soil macrofauna and promoting biodiversity
(Singh et al., 2023). Contrary to existing literature, majority of farmers
did not associate practices such as mulching and agroforestry with
improving soil fertility or controlling soil erosion (Nzeyimana et al.,
2013; Rosenstock et al., 2014).

Other practices were found to be beneficial in strengthening
resilience by creating synergies such as conserving soil water,
including as farmyard manure, hugo culture, sunken beds, mulching
and strip cultivation, in line with Ndiso et al. (2018), while agroforestry
was found to regulating microclimate, improve animal health through
fodder and provide livelihood products (Gicheru et al., 2004; Mbow
et al., 2014; Muthuri et al., 2023). Furthermore, resilience is further
enhanced by increasing the diversity and abundance of such
agroecological practices (Gachuiri et al., 2017; Magaju et al., 2020).
Few farmers mentioned benefits related to the principle of economic
diversification, which may indicate low knowledge, productivity or
diversity of existing practices (van Zonneveld et al., 2020). Overall,
only a few practices such as farmyard manure, plant-based
biopesticides and water recycling were associated with the knowledge
co-creation principle, where farmers reported already having and
sharing existing knowledge about their implementation and
performance amongst themselves. This highlights the need to address
knowledge gaps on how to operationalize agroecological principles
through specific agroecological practices as a prerequisite for
promoting their adoption on farms (Bellamy and loris, 2017; Mottet
etal,, 2020). Doing so can increase their adoption rate, performance,
and sustainability (Dumont et al., 2021).
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Second, benefits related to securing social equity were evident as
reported by farmers. For example, the fairness principle was addressed
by many farmers who used organic material amendments that were
low-cost and not labor-intensive, such as mulching and farmyard
manure, in line with Maja et al. (2017). On the other hand, other
practices, especially structural ones such as terraces, sunken-beds and
water-retention ditches, were considered costly and unaffordable due
to farmers resource constraints, as well as labor intensive. This
contrasts with other studies that have observed that farmers’
perception of interventions being costly discourages their adoption
due to the risks and uncertainties of outcomes against financial
investments (Barry et al, 2021; Greiner et al., 2009). Cumulatively,
these characteristics discourage farmers from widely adopting such
innovations and threaten the long-term sustainability and success of
agroecological practices (Panpatte and Jhala, 2019). Furthermore, in
line with the literature, the social values and diets principle was
addressed through practices that were perceived to promote food
production in a human health-friendly manner, such as the use of
plant-based biopesticides and physical traps to control pests (Rana
et al., 2019), and achieving food security throughout the year by
2021). Such
agroecological practices play a role in ensuring access to dietary

planting drought-tolerant crops (Atube et al,

diversity, thereby promoting nutritional security (Chakona and
Shackleton, 2018; Kansanga et al., 2021) and increased access to
multiple ecological services (Dissanayaka et al., 2023). These findings
are consistent with previous studies highlighting the social dimensions
of agroecology, emphasizing its potential to address inequalities and
enhance the well-being of local communities (Gliessman, 2018).

Finally, three benefits related to promoting resource efficiency
were identified. These mainly focused on input reduction through
practices that were considered to reduce chemical use, such as
ash-based biopesticides, plant-based biopesticides, compost manure
and crop rotation. It has been reported that chemical use leads to
multiple harmful forms of pollution, not only to soil/ land, but also to
water bodies and air (Rana et al.,, 2019). This is in line with the
broader need to move towards more sustainable and environmentally
friendly agricultural systems (Pretty, 2009). In addition, practices
such as compost manure and mulching utilize locally available
materials in line with the principle of recycling. However, some
studies indicate that for soil nutrient recycling to be effective and
sustainable, there is a need for diversity and a wide range of organic
input sources to meet the many soil macro- and micro-nutrients
regularly required by crops (Falconnier et al., 2023). This implies the
need to build farmer capacity and promote diverse agroecological
practices to holistically meet these needs, thereby improving and
sustaining crop productivity.

4.3 Agroecological transitions require
addressing existing contextual limitations
to soil, water and pest management

Constraints to agroecological transition are diverse and vary
across contexts, underscoring the need to document and address
constraints before or during the implementation of agroecological
practices. Farmers identified numerous challenges that currently limit
the successful implementation of agroecological soil, water, and
integrated pest management practices, drawing attention to the
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complex and multifaceted nature of the transition required for such
farming systems (Mekuria et al., 2022). One of the major challenges
identified was the recurrent drought and water scarcity, which
constrained practices more than two-thirds of all inventoried practices
in both Kiambu and Makueni. This finding underscores the
vulnerability of agricultural systems to climate change and highlights
the need to design resilient and adaptive water conservation
innovations (Lobell et al., 2011; Mpala and Simatele, 2023), as well as
the general need to understand contextual constraints when designing
interventions 2019; Andersson and
D’Souza, 2014).

Other examples include the importance of using appropriate

(Abu-Elsamen et al.,

mulching materials in the right proportions, which not only reduce
soil evapotranspiration and control weeds that compete with crops for
water, but also decrease soil compaction through increased aeration.
This increases the retention of green water in the macro-aggregates,
making it available for crop growth over a longer period of time
(Chukalla et al., 2015). Another example is the use of shade netting
structures to control water evaporation from water storage structures
such as earth dams, trenches, water pans and water retention ditches
(Craig et al., 2005; Muriuki et al,, 2014). In this way, the harvested
water can last longer and can even be used for irrigation to bridge the
gap between one rainy season and the next.

In addition, the labor-intensive nature of many practices poses a
significant barrier to adoption and scalability, as reported by farmers
in both ALLs, highlighting the importance of considering labor
constraints in the design and implementation of agroecological
practices. Examples include designing and experimenting with
different designs and variations of practices, such as different sizes of
zai pits, which are labor intensive (Crossland et al, 2021b).
Furthermore, some practices were perceived to be costly and
unaffordable for resource-constrained households, which discourages
farmers from adopting such practices (Bizoza and Graaff, 2012; Gillian
etal, 2016). We found that the two most significant costs incurred
were the initial labor costs of implementing practices such as terraces
and water harvesting, and the cost of purchasing raw materials and
equipment, in line with Mouratiadou et al. (2024). Economic barriers
to the adoption of agroecological practices have been widely reported,
especially for resource-constrained households (Yagi and Garrod,
2018). Some approaches to overcome financial barriers include the use
of innovations that promote efficient use of locally available materials
(Pifeiro et al., 2020). In addition, farmers have identified cost-effective
and affordable practices such as mulching, suggesting potential
opportunities to promote accessible and sustainable solutions that
align with farmers’ financial capabilities (Carolan, 2018).

The constraints of scarcity of raw materials and inputs identified
by farmers point to the need to address the systemic drivers and
promote circular economy that reduces the inflow of inputs while
ensuring increased recycling and reuse of locally generated raw
materials, wastes and residues for practices such as mulching,
composting, farmyard manure and gray water (Velasco-Muiioz et al.,
2021). This includes exploring innovations such as the use of biochar
to improve soil fertility, structure and aeration, to increase soil water-
holding capacity, and control pest and diseases (Alkharabsheh et al,
2021; Safaei Khorram et al., 2016). Pest infestation was also mentioned
to affect multiple practices such as mulching, agroforestry and
compost, further highlighting the need for a systems approach that
integrates different pest management strategies within existing

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1456620
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Kuria et al.

practices, such as the use of clean raw materials, coupled with
biological, cultural and mechanical practices (Dara, 2019; Rathee
et al,, 2018). The widespread challenge of limited knowledge on the
benefits and scientific mechanisms and functions of different
agroecological practices underscores the need for co-design processes
that address knowledge gaps through capacity building and the
establishment of on-farm demonstrations for co-learning and
showcasing of agroecological best practices (Adamsone-Fiskovica and
Grivins, 2022). Overall, addressing the above challenges requires a
multifaceted and holistic approach that integrates integration of local
knowledge with technical knowledge.

4.4 Supporting evidence-based stakeholder
engagement and co-design: employing a
methodical approach for selecting and
testing agroecological innovations

As mentioned above, the rapid innovation assessment was
conducted in the context of a broader co-design cycle, the main
objective of which was to test innovative agroecological practices
through trials on farmers’ fields in both ALLs (Fuchs et al., 2023b).
The actual co-design design workshops were highly methodical and
followed a clear sequence, and included different food system actors,
including purposively selected male and female farmers from 15
farmer groups per ALL.

As described, the co-design workshops themselves involved seven
steps (Figure 2). The results of the innovation assessment were
presented to participants in step 1. To render insights into options,
contexts, and preferences more accessible and intelligible for
participants, we prepared posters for each of the top three to five
practices per focus areas to visually support the data sharing. The
posters provided simple overviews of the main results drawn from the
innovation assessment. This helped participants in the identification,
selection, and contextual adaptation of appropriate and suitable
innovative practices. Addressing farmers needs, priorities and
preferences has been reported to be a major driver of adoption of agri-
food innovations (Antwi-Agyei et al., 2021; Fuchs et al., 2023b; Roussy
etal., 2019).

These steps included identifying selection criteria for the
innovations and the host crops. Other steps involved co-designing
participatory trial protocols to ensure that participating farmers
document the performance of their trials and play the role of actual
farmer-scientists. Participants then discussed selection criteria for
participating farmers that would ensure proper implementation, and
documentation, while recognizing their responsibilities to their
community to ensure that the experience and knowledge gained is
shared with others. The final step involved the establishment of the
trials, where the Agroecology Initiative technical team conducted
integrated technical trainings and demonstrations for all three
identified practices at the respective ALL host centers with all selected
trial participants in each ALL. The training focused on sharing
technical skills, with an additional focus on trial establishment and
monitoring. In order to strengthen capacity as broadly as possible, all
30 trial participants per ALL were trained in all three practices in
integrated three-day workshops facilitated by the Agroecology
Initiative team and technical experts. This was followed by trial
implementation on farms, accompanied by regular monitoring,
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co-learning and adaptation of the agroecological practices to suit the
local context. The flexibility granted to farmers to implement, observe,
experiment with and adapt agroecological practices to suit their
context has been reported as a key driver for continued adoption of
innovations (Falconnier et al., 2017).

The process of selecting, prioritizing and co-designing
agroecological innovations for implementation involved a systematic
approach aimed at ensuring diverse stakeholder engagement and
representation (Fraser et al., 2006; Pagella and Sinclair, 2014; Triomphe
etal., 2022). Through purposive selection (Tongco, 2007), participants
were chosen to ensure broad representation, promote inclusive
decision-making, and enhance the relevance of the selected
innovations to local contexts (Jones-Garcia and Krishna, 2021). Each
workshop served as a platform for stakeholders to deliberate on the
most suitable and desired options to be tested through monitored
trials, thereby facilitating knowledge exchange and consensus building
among participants. The co-design workshops encompassed seven
sequential steps designed to systematically guide stakeholders through
the process of innovation selection and co-design process. This
provided the basis for subsequent discussions on preferred innovative
practices, informed by farmers’ expressed preferences and priorities
(Gliessman, 2018). Subsequent steps focused on the selection of
agroecological innovations for trial testing, with participants
collaboratively narrowing down options based on the priority farmer
preference list generated in earlier stages of the process. The
culmination of this deliberative process resulted in the unanimous
selection of practices to be implemented, tailored to the specific needs
and contexts of each ALL.

The joint definition of criteria for selecting test crops to
accompany the chosen innovations illustrates the importance of
co-design (Dawson et al.,, 2008). Common criteria that motivated the
selection of crops in both ALLs included adaptability to local
conditions, high nutritional content and high economic value and
readily available markets. Similar criteria have been reported
elsewhere as motivating farmers to adopt innovations (Ahmed and
Tetteh Anang, 2019; Singha et al., 2012). In Kiambu, these included
seed availability and household food security, while in Makueni, the
focus was on crop disease resistance and local farmers’ familiarity.
This approach highlights the need to understand and consider
farmers’ motivations, both intrinsic and extrinsic, when designing
agrifood innovations, as this further increases the likelihood that they
will adopt and sustain such innovations (Greiner et al., 2009; Jambo
etal,, 2019). The decision to intercrop maize and beans in Makueni
reflects a pragmatic approach to maximize space use and leverage
farmers’ existing knowledge and practices (Altieri, 1999). Such
tailored strategies for crop selection demonstrate a nuanced
understanding of local agricultural contexts and participants’
priorities.

In discussing the experimental design, participants emphasized
the importance of positioning control plots adjacent to innovative
practice plots to minimize potential variation in soil fertility and
environmental factors. This approach ensures robust comparisons
between treatment and control plots, thereby increasing the reliability
and validity of experimental results (Pretty et al., 2003). The co-design
of participatory monitoring protocols allowed combining variables
that are of interest to farmers and those required by the research more
broadly (Parwada et al., 2022). The monitoring sheets containing the
crop performance parameters to be monitored (including when, how
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and why to monitor) are used for simultaneous trial monitoring by
farmers, our research team, and the ALL-host centers. Participatory
monitoring aims to build their capacity to sustain agroecological best
practices in the future and to take timely and effective remedial actions
to improve overall performance through the practical skills they gain
from the process (Junge et al., 2009; Rossi et al., 2023). This supports
their transformation into farmer-scientists as they can experiment
with different management practices while monitoring crop progress
and performance based on the pre-defined parameters (Marchant
etal, 2019; Oliver et al,, 2010) to identify the contextual factors that
enhance or limit crop performance. Collaborative monitoring also
ensures that challenges are identified early and addressed quickly
(Gonzélez-Orozco et al., 2023). This is an important step towards
agroecological transition and promotes a sense of ownership of the
innovations by implementers, which supports the adoption rate,
success, and sustainability of such agroecological practices (Li et al.,
2019; Sapbamrer and Thammachai, 2021). It also ensures that farmers’
local knowledge is fully utilized to adapt practices to address local
challenges (Puppo et al., 2023). Finally, the joint definition of selection
criteria for trial participants, and their participatory selection, is likely
to strengthen participants’ sense of responsibility and duty to their
fellow farmers, and also likely to strengthen demand from other
farmers for knowledge exchange (Fuchs et al., 2019b). Farmer-to-
farmer extension and other co-learning opportunities have been
heralded as an effective approach for scaling up agroecological
practices (Gliessman, 2018). Moreover, collective learning and shared
knowledge systems, coupled with the shared commitment, are not
only a catalyst for the successful adoption of innovations (Waarts
et al., 2002), but also for diffusion and scaling of innovations (Chen
and Li, 2022).

By integrating farmer knowledge and preferences into decision-
making processes, the co-design approach held a promise for
promoting sustainable agricultural transitions rooted in local expertise
and community empowerment. This transdisciplinary approach
aimed to integrate farmer preferences and knowledge with scientific
knowledge to develop and test agroecological practices that are locally
understood, relevant, appropriate and inclusive (HLPE, 2019; Sinclair
et al., 2019). This participatory approach is consistent with the
principles of co-design, which emphasize the involvement of diverse
stakeholders in decision-making processes to ensure the relevance and
feasibility of interventions and helped to create a sense of ownership
of the co-design process and outcomes by all stakeholders (Dumont
et al., 2017; Fuchs et al., 2019b).

5 Conclusion

The Agroecology Initiative team facilitated a comprehensive
co-design process to support on-farm experimentation with and
generation of evidence on the performance of contextually suitable
innovative agroecological practices in the Kenyan ALLs in Kiambu
and Makueni counties. The team conducted a rapid innovation
assessment to gain insights into existing innovation options, contexts
and preferences. This assessment informed the team’s scientific input
to the actual co-design workshops where participants co-created
innovative practices, experimental designs, and selection criteria for
participating farmers. The collaborative assessment identified and
evaluated the existing agroecological practices in three priority areas,
namely soil management, water management, and integrated pest
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management. The assessment mapped 31 agroecological practices
that were identified on respondents’ fields in both ALLs, with 29
practices found in Kiambu and 18 practices being inventoried in and
Makueni. The assessment of the inventoried options highlighted the
heterogeneity of the socio-economic and biophysical contexts
between the Kiambu and Makueni ALLs, which influenced the
performance of each practice. Respondents expressed a preference
for a total of 31 practices, of which 77% were associated with one of
the three focus areas (soil management, water management, or IPM),
while 33% were assigned multiple functions in at least two of the
three areas simultaneously.

Overall, the assessment provided insights into existing options,
their contextual evaluation, and preferences for both function-
specific and multifunctional practices. The assessment also
highlighted gaps and potential opportunities for the improvement
and contextual adaptation of specific innovation practices to enhance
their performance. In addition, the process itself allowed participants
to introduce and discuss potential additional practices that had not
yet been popularized in the ALLs that had been tested and
implemented elsewhere in a similar context. The methodical and
iterative co-design cycle allowed for the mobilization of different
types and sources of knowledge and fostered the co-creation of
criteria, priorities, and the joint selection of options, experimental
designs, monitoring protocols and participants. This collaborative
and structured approach responds to the importance of
understanding and considering farmers options, context and
preferences in co-designing locally relevant and inclusive
agroecological practices to promote greater adoption, successful
implementation and long-term sustainability of agroecological
practices, thereby promoting sustainable agrifood systems.
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