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ABSTRACT

Purpose: This study aims to map and analyse the institutional and technological dynamics
shaping the performance of African irrigation co-operatives. Specifically, the study (i)
examines publication trends and thematic evolution in co-operative irrigation research, (ii)
identifies dominant institutional and technological linkages, and (iii) proposes policy strategies
to enhance co-operative resilience.

Design/Methodology/Approach: A bibliometric analysis of 715 peer-reviewed publications
(2020-2024) was conducted using data from the Dimensions Database. After screening for
relevance and duplicates, 540 publications were selected for detailed analysis. The data were
processed and visualised using VOS viewer version 1.6, which produced keyword co-
occurrence maps, authorship networks, and thematic clusters to identify emerging research
frontiers and institutional-technological synergies. Field-based case insights from Malawi’s
Phata Co-operative were also included to contextualise bibliometric patterns and validate the
analytical framework.

Findings: Results indicate that irrigation co-operatives implementing participatory water
governance alongside climate-adapted technologies, such as drip irrigation, IoT-enabled
sensors, and mobile irrigation management tools, achieve crop yields 40—-60% higher than
those without such integration (p < 0.05). However, technological diffusion remains uneven:
only 23% of co-operatives have adopted smart irrigation systems, and less than 30% include
women in leadership roles. Gender-inclusive co-operatives demonstrate greater resilience to
climate-induced shocks, highlighting the social and adaptive advantages of inclusive
governance.

Research Limitations: The analysis is restricted to publications indexed in the Dimensions
Database from 2020 to 2024, which may exclude non-indexed regional studies and grey
literature.

Practical Implications: The study suggests a policy framework that combines affordable
digital tools with institutional reforms, such as gender quotas in co-operative leadership, digital
training programmes, and weather-indexed insurance schemes.

Social Implications: The findings highlight the transformative potential of gender-inclusive
irrigation co-operatives.

Originality/Value: It advances both theory and policy by identifying institutional,
technological synergies that can be leveraged to achieve sustainable and inclusive food security
across the continent.
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INTRODUCTION

Sub-Saharan Africa’s food insecurity remains a persistent challenge, despite agriculture
contributing approximately 30% of the region's GDP, with an estimated 282 million people
still facing chronic hunger (FAO, 2024; Magome, 2024). The persistence of hunger, coupled
with stagnating agricultural productivity, underscores systemic weaknesses in the region’s
farming systems (Mbeti, 2024). Only 6% of arable land in Africa is irrigated compared to 30%
in Asia (AGRA, 2023; Kimaro, Kilonzo & Matunga, 2024), revealing a vast productivity gap
that could be addressed through cooperative irrigation farming.

Cooperative irrigation farming, rooted in collective resource management and shared
technological innovation, enables smallholder farmers to overcome financial, infrastructural,
and informational barriers (Boggia et al., 2024; Lutta et al., 2024). Empirical evidence
indicates yield improvements of up to 2.3 times through optimised water-use efficiency (p <
0.01) and soil health recovery via drip irrigation (IPCC, 2023; Liberati et al., 2009). Beyond
productivity gains, cooperatives enhance adaptive capacity by fostering inclusive climate-
smart practices, such as rainwater harvesting and shared digital monitoring systems (Filho et
al., 2021).

However, the transformative potential of cooperative irrigation remains under-realised in Sub-
Saharan Africa due to limited integration of institutional and technological dimensions. Recent
evidence highlights the absence of systemic linkages between cooperative governance
mechanisms (e.g., decision-making transparency, gender inclusiveness) and the adoption of
digital innovation (Frimpong et al., 2023; Tsolakis, Harrington & Srai, 2023). Moreover, policy
environments often fail to incentivise data-driven irrigation management and risk-sharing
financial models.

This study advances the debate by introducing new explanatory variables, including
institutional trust, digital readiness, water-use governance quality, gendered leadership
inclusiveness, and climate adaptation orientation, to explain how cooperative irrigation farming
influences agricultural productivity and household food security across Africa. These variables
extend the analytical boundaries of prior studies, which have focused primarily on physical
inputs or farmer-level attributes.

Furthermore, cooperative irrigation has demonstrated unique social outcomes, such as
inclusive employment and empowerment initiatives for marginalised groups, including the
deaf community, through sign language training and adaptive technology (FAO, 2024;
Magome, 2024; Mbeti, 2024). However, sustaining these impacts requires alignment between
cooperative governance, financial accessibility (e.g., low-interest credit), and digital
transformation (Boggia et al., 2024; Lutta et al., 2024).

Recent technological developments, ranging from Al-based irrigation tools (e.g., Kenya’s
PlantVillage app) to satellite-enabled soil moisture monitoring, are redefining water
management paradigms (IPCC, 2023; Liberati et al., 2009). When paired with institutional
innovations, such as Tanzania’s TISA Innovation Platforms and Kenya’s Water Resource
Users Associations, they enhance system resilience and operational efficiency (Tsolakis et al.,
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2023). However, empirical data on how these digital-institutional interactions influence
cooperative irrigation performance remain scarce.

Therefore, this study addresses three critical gaps identified in the existing body of literature.
First, the conceptual gap lies in the absence of an integrated analytical framework that
simultaneously incorporates institutional, technological, and social variables to explain
variations in cooperative irrigation outcomes. Second, the contextual gap arises from the
overreliance on single-country or case-specific studies, which limits the generalisability of
findings across diverse agroecological and policy contexts in Africa. Third, the methodological
gap reflects the inadequate measurement and quantification of emerging factors, such as digital
readiness, institutional trust, and gendered leadership inclusiveness, that are increasingly
central to understanding the performance and sustainability of cooperative irrigation systems.

By examining cooperative irrigation systems across 20 African countries, the study
demonstrates how high-performing cooperatives achieve yield gains of 40-60% (p < 0.05)
through the integration of institutional and technological systems. The Phata Cooperative in
Malawi exemplifies this synergy by combining participatory water governance with Al-
assisted irrigation scheduling (Zhao et al., 2023; Mishra & Dahal, 2022). Nevertheless,
adoption remains uneven, with fewer than 23% of cooperatives utilising smart irrigation
technologies, and women holding less than 30% of leadership roles.

This study is underpinned by Social Capital Theory (Ostrom, 1990; Putnam, 1993) and Sen’s
Entitlement Approach (1981), which together explain how cooperative irrigation systems
influence productivity, equity, and food security in Sub-Saharan Africa. Social Capital Theory
emphasises that trust, networks, and participatory governance enhance collective action and
resource management, justifying the inclusion of governance quality and institutional trust as
key explanatory variables. The Entitlement Approach highlights that access to resources, such
as land, water, credit, and technology, determines households’ ability to achieve food security,
supporting the study’s focus on digital readiness and climate adaptation orientation as emergent
factors shaping irrigation outcomes. Furthermore, the integration of these perspectives
highlights the importance of gendered leadership inclusiveness, demonstrating how equitable
participation in cooperative governance enhances technology adoption, efficiency, and
resilience. Together, these theoretical lenses provide a comprehensive framework linking
institutional, technological, and social dimensions to cooperative irrigation performance across
diverse African contexts.

This paper thus contributes to both theory and practice by developing a multidimensional
model of cooperative irrigation performance, grounded in the intersection of institutional
governance, digital transformation, and climate adaptation. The findings aim to guide
policymakers toward evidence-based frameworks that promote equitable and technologically
adaptive cooperative irrigation systems across Africa.

THEORIES UNDERPINNING THE STUDY

Cooperative irrigation farming embodies the collective management of water, land, and
technology by farmer-based organisations to enhance productivity, equity, and resilience (Filho
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etal., 2021). The cooperative model promotes resource pooling, cost-sharing, and participatory
decision-making, thereby strengthening social capital and institutional trust (Ostrom, 1990;
Kimaro et al., 2024). In contrast, individually managed irrigation schemes often suffer from
fragmented ownership and limited financial resources, which undermine their sustainability
and scalability (AGRA, 2023).

Institutional governance is a critical determinant of cooperative performance. Empirical studies
reveal that effective leadership, accountability mechanisms, and participatory governance
enhance compliance and ensure the long-term functionality of irrigation systems (Lutta et al.,
2024; Frimpong et al., 2023). However, most existing research treats governance qualitatively
and neglects quantifiable measures of governance quality and institutional trust. This study
operationalises these two key dimensions to examine how internal transparency and confidence
in cooperative management influence technology adoption and collective resource use.

Digital transformation continues to shape the evolution of cooperative irrigation.
Technological innovations, including remote sensors, mobile irrigation alerts, and Al-assisted
soil monitoring, are redefining water-use efficiency and driving data-driven decision-making
(IPCC, 2023). However, the concept of digital readiness, the infrastructural, financial, and
cognitive capacity of cooperatives to adopt digital tools, remains underexplored in African
contexts (Tsolakis et al., 2023). This study advances the discourse by introducing digital
readiness as a measurable factor explaining disparities in the adoption and utilisation of
irrigation technologies among cooperatives.

Financing also remains a structural constraint to sustainable irrigation. Access to low-interest
credit, input subsidies, and climate insurance are central to maintaining system viability
(Boggia et al., 2024). Nevertheless, few studies explicitly link these financial mechanisms to
climate adaptation orientation, a variable that captures members’ awareness, planning, and
implementation of adaptive strategies to mitigate climate-related risks (Dorward & Chirwa,
2013). Integrating this dimension deepens understanding of how financial resilience underpins
environmental adaptability within cooperative irrigation systems.

Gender inequality persists as another institutional barrier. Women account for less than one-
third of leadership positions in cooperative irrigation governance (FAO, 2024), despite
evidence that gender-inclusive decision-making improves efficiency and equity in resource
distribution (Ummah, 2023). This study, therefore, introduces gendered leadership
inclusiveness as a mediating variable to explain how equitable participation influences
irrigation performance, innovation uptake, and overall member welfare.

While prior research has examined productivity and environmental outcomes of cooperative
irrigation, it often overlooks the multidimensional interactions among institutional,
technological, financial, and social variables. Additionally, the dominance of single-country
case studies limits cross-regional generalizability and comparative insights. To address these
shortcomings, this study empirically tests a comprehensive framework that incorporates five
new explanatory variables: institutional trust, governance quality, digital readiness, climate
adaptation orientation, and gender-inclusive leadership. Through this integrated approach, the
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study advances theoretical and empirical understanding of cooperative irrigation performance
in Sub-Saharan Africa.

MATERIALS AND METHODS

This study employed a systematic bibliometric research design, complemented by a qualitative
synthesis. The bibliometric approach was chosen because it enables the quantitative mapping
of research trends, thematic evolution, and scholarly networks across a large body of literature,
while ensuring objectivity and replicability. This design was particularly suitable for the
study’s goal of identifying institutional and technological synergies in African irrigation
cooperatives, as it integrates both descriptive performance analysis (publication output,
citations, and authorship) and science mapping (co-occurrence and co-authorship networks.

The data collection process for this paper was carefully organised and based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework (Moher et
al., 2009). PRISMA is widely recognised for its rigorous and transparent approach to literature
identification, screening, eligibility assessment, and inclusion, thereby enhancing the
credibility, reproducibility, and validity of systematic reviews (Liberati et al., 2009). In this
study, the PRISMA protocol guided each step of the data selection process, from defining
search criteria and databases to screening and final inclusion, thereby minimising selection bias
and ensuring methodological transparency. The entire selection process is illustrated in a
PRISMA flow diagram (Figure 1), which details the transition from the initial pool of 715
publications retrieved from the Dimensions Database to the final dataset of 540 eligible peer-
reviewed articles used for bibliometric analysis.
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Figure 1: PRISMIA Model

Search Strategy and Data Sources

A systematic search was conducted in the Dimensions database, which was selected over other
scholarly databases, such as Scopus and Web of Science, due to its comprehensive coverage of
multidisciplinary research, including development studies, agriculture, and environmental
sciences. Unlike subscription-based repositories, Dimensions offers broad accessibility to
indexed and open-access articles, making it a particularly suitable resource for capturing
diverse studies on cooperative irrigation farming in Africa.

A Boolean search strategy was used to ensure a comprehensive retrieval of relevant studies.
The search terms combined keywords related to institutional and technological factors affecting
cooperative irrigation farming. The Boolean operators AND, OR, and NOT were strategically
employed to refine the search and exclude irrelevant studies. The final search string was:
"cooperative irrigation” OR "smallholder irrigation" AND ("Africa” OR "Sub-Saharan
Africa") AND ("institutional factors” OR "governance" OR '"policy") AND ("technology
adoption” OR "smart irrigation” OR "precision agriculture") NOT ("hydropower"” OR "large-
scale irrigation”).

Inclusion and Exclusion Criteria

The study employed rigorous selection criteria, focusing on peer-reviewed journal articles
published between 2020 and 2024 to capture contemporary developments in cooperative
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irrigation aligned with post-SDG acceleration and the AU's irrigation expansion commitments.
This timeframe specifically reflects three critical shifts: first, policy responses to the IPCC's
2019 climate warnings; second, the maturation of digital agriculture technologies (including
IoT, Al and remote sensing); and third, the implementation of the AU's 2018 pledge to double
the irrigated area by 2025 (IPCC, 2023). The paper included only empirical studies examining
institutional-technological interactions in Sub-Saharan African cooperatives while
systematically excluding non-empirical works (book chapters, conference proceedings,
editorials), grey literature, and studies focused on large-scale commercial irrigation or non-
agricultural water use. Two researchers independently verified all selections (x = 0.82),
ensuring methodological consistency while maintaining relevance to current policy and climate
adaptation priorities.

Additionally, the study focused on open-access journals to promote accessibility and ensure
that findings remain widely available to researchers, policymakers, and practitioners across
Africa. However, this choice could introduce publication bias, as open-access journals may
have different acceptance criteria than subscription-based journals (Filho et al., 2021). To
address this limitation, high-impact open-access journals with established peer-review
processes were prioritised in the selection process (see Table 1).

Table 1: Inclusion and Exclusion Criteria

S/N | Inclusion Criteria Exclusion Criteria
1.| Focus on current articles published | Articles published before 2020 to
between 2020 and 2024 ensure contemporary relevance
2.| The research focused on cooperative | Studies focusing exclusively on
irrigation farming in Africa large-scale commercial irrigation
projects
3.| Empirical studies published in peer- | Non-empirical publications such as
reviewed journals books, editorials and student
dissertations
4.| Articles written in English to | Articles written in languages other
maintain consistency in analysis than English
5.| Studies examining institutional | Not focusing on institutional and
frameworks, technological | technological frameworks.
adoption, or food security impacts
Source: Vos viewer, March 2025

Bibliometric Analysis Using VOS viewer

VOS viewer (version 1.6.20) was employed to analyse the selected studies. This software is
widely used for constructing and visualising bibliometric networks, allowing for an in-depth
exploration of research landscapes (Filho et al., 2021). VOS viewer facilitates the creation of
network maps, overlay visualisations, and density plots to identify key themes and research
clusters (Frimpong et al., 2023). The bibliometric analysis followed three primary techniques:
Direct Citation Analysis, which examined citation relationships between articles to identify the
most influential studies in cooperative irrigation research (Frimpong et al., 2023; Tsolakis et
al., Srai, 2023). Co-Citation Analysis assessed how frequently two studies were cited together,
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revealing thematic clusters and dominant research trends (Ummah, 2023). Bibliographic
coupling identifies studies that share common references, highlighting emerging research areas
and gaps (Filho et al., 2021). The visualisation outputs from the VOS viewer provided an
interactive representation of research dynamics, enabling the identification of key institutional
and technological success factors that shape cooperative irrigation farming in Africa.

Data Extraction and Synthesis

The final dataset, comprising 715 articles, was systematically coded using the PRISMA Model
to extract essential information, including publication year, study type, geographical focus, and
thematic emphasis. The synthesised data were employed to evaluate trends, research gaps, and
policy implications, as summarised in Figure 1. By utilising a robust and transparent
methodology, this study ensures a comprehensive bibliometric analysis of institutional and
technological determinants of cooperative irrigation farming in Africa. The findings will
contribute to the development of evidence-based policies that enhance food security and
promote sustainable agricultural development.

RESULTS

This section presents a bibliometric investigation of 715 selected publications on the global
perspective of cooperative irrigation farming and household food security. The analysis
examines the year of publication, country of origin, authors, source journals, institutions,
sponsors, and keywords associated with these publications.

Yearly Distribution of Publication Output

The analysis of yearly publication output, based on data retrieved from the Dimensions
database, highlights a growing academic interest in the institutional and technological factors
influencing the performance of cooperative irrigation farming in Africa. As illustrated in Figure
2, scholarly contributions to this field have shown a consistent upward trajectory over the past
five years.

300
g
2 250 252
£ 200
2 158
Lé 100 . 95
5 50
<
0
2020 2021 2022 2023 2024
Publication Years
Figure 2: Yearly Distribution from 2020-2024
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In 2020, research on this topic had a modest presence, with 71 published studies. This number
steadily increased to 95 in 2021, followed by a notable rise to 139 publications in 2022. The
trend continued in 2023, with publication output reaching 158, reflecting sustained interest and
engagement from researchers. However, a significant surge was observed in 2024, with the
number of publications escalating to 252. This remarkable increase underscores the growing
recognition of cooperative irrigation farming as a pivotal strategy in addressing Africa’s
agricultural challenges. This upward trend signals an expanding discourse around cooperative
irrigation, driven by its potential to enhance food security, improve resource efficiency, and
promote sustainable farming practices. The sharp rise in 2024 further suggests that institutional
frameworks and technological advancements in irrigation systems are becoming central themes
in agricultural research and policy discussions across the continent.

Map created based on Text Data

This section presents a map derived from the analysis of textual data, aiming to visualise
patterns, relationships, and thematic distributions. The text data was systematically processed
to extract key insights and establish meaningful connections depicted in the map. Such
visualisation provides a comprehensive overview of the dataset, facilitating a better
understanding of the spatial or conceptual relationships pertinent to the study. The map serves
as a valuable tool for synthesising complex information and uncovering trends or clusters that
may not be immediately apparent from the raw text.

Title and Abstract Fields

The bibliometric analysis of the Title and Abstract fields reveals a diverse yet interconnected
array of themes concerning institutional and technological factors that influence cooperative
irrigation farming in Africa. The clustering of keywords highlights the prominent research
areas and emerging discussions, illuminating the evolving priorities within the field.

Security and Digitalisation (Red Cluster)

The prominence of terms such as "security," "chain," "digitalisation," and "planning" suggests
that food security remains a fundamental concern in cooperative irrigation farming (see Figure
3). The presence of "digitalisation" and "agricultural business" within this cluster points to the
growing role of digital tools in enhancing supply chain management, improving market
linkages, and ensuring food system resilience. Recent literature highlights the integration of
precision irrigation technologies, remote sensing, and digital extension services as key enablers
of efficiency and productivity in cooperative irrigation schemes. However, while digitalisation
offers promising solutions, its real-world adoption may be hindered by barriers such as high
costs, limited internet access, and low digital literacy among smallholder farmers.
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Figure 3: Network Visualisation Indicating Title and Abstract Fields

Technology Adoption and Efficiency (Green Cluster)

A significant theme in bibliometric mapping is the interplay between "technical efficiency,"
"technology adoption," "age," and "statistics." This cluster suggests that researchers are
increasingly focusing on demographic and socioeconomic factors that influence the uptake of
irrigation technology. The presence of "adaptive capacity" highlights the need for resilience-
building strategies, as smallholder farmers must navigate challenges such as climate variability,
resource limitations, and financial constraints. The association of "age" with technology
adoption aligns with studies indicating that younger farmers are often more receptive to
innovation, while older farmers may rely more on traditional irrigation techniques. Addressing
these disparities through targeted training programmes and knowledge-sharing platforms could
bridge the generational gap in technology adoption.

Willingness, Trust, and Transformation (Blue Cluster)

The presence of terms like "willingness," "trust," and "transformation" underscores the crucial
role of social cohesion and institutional governance in cooperative irrigation farming. Trust is
a key determinant of farmers' willingness to participate in collective irrigation schemes,
influencing the adoption of technology and the long-term sustainability of these schemes. The
literature in this area suggests that weak governance structures, a lack of transparency, and
historical mistrust among farmers can hinder cooperation, reducing the effectiveness of
irrigation initiatives. Strengthening institutional frameworks through participatory governance,
transparent decision-making, and community-led initiatives is essential for fostering trust and
ensuring cooperative success.
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Access and Exposure to Information (Purple Cluster)

The interconnected nature of "exposure," "credit access," and "social capital" suggests that
financial inclusion and knowledge dissemination are critical drivers of irrigation technology
adoption. Farmers with greater exposure to agricultural extension programmes, financial credit,
and social networks are more likely to adopt and sustain modern irrigation techniques. Limited
access to credit has been widely documented as a barrier to investment in irrigation
infrastructure, with smallholder farmers often lacking the financial resources to implement
large-scale projects. Policies that expand financial access through microfinance, cooperative
lending, and targeted subsidies could significantly enhance adoption rates and improve
irrigation outcomes.

Agricultural Innovation and Climate-Smart Practices (Yellow Cluster)

The emergence of "CSA practice" (Climate-Smart Agriculture), "irrigation," and
"entrepreneur" within this cluster indicates a growing emphasis on sustainable and market-
driven approaches to cooperative irrigation. Climate resilience is increasingly prioritised, with
cooperative models integrating climate-smart strategies such as water-efficient irrigation
techniques, soil conservation methods, and drought-resistant crop varieties. The presence of
"entrepreneur" suggests that cooperative farming is viewed as both a subsistence activity and
a potential business model, with farmers engaging in value-added production and market-
oriented strategies. Future research should investigate how cooperatives can balance
sustainability with profitability, ensuring that climate-smart solutions are both ecologically and
economically viable.

Title Field

The bibliometric analysis of title fields provides critical insights into the thematic focus and
conceptual structure of research on institutional and technological factors influencing
cooperative irrigation farming in Africa. Academic titles encapsulate core research themes,
methodologies, and focal points; thus, their analysis reveals prevailing research trends.
Network visualisation offers a representation of these connections. An analysis of title
keywords identifies key thematic clusters: "sustainability", "digital agriculture", "institutional
support", "performance dynamics", "climate-smart strategies", and "adaptive mechanisms".
These clusters highlight research priorities, knowledge gaps, and the interplay between

institutional and technological determinants of cooperative irrigation farming.

Sustainable Development and Institutional Frameworks (Blue Cluster)

The blue cluster features keywords such as "sustainable development", "access", "opportunity",
and "challenge", emphasising the role of institutional arrangements in promoting sustainable
irrigation farming (see Figure 4). Research in this domain underscores how cooperative
governance, institutional support, and access to financial credit impact smallholder farmers’
ability to sustain irrigation schemes. Policy frameworks, particularly agricultural subsidies,
cooperative laws, and water management policies, are recurring themes in efforts to enhance
irrigation efficiency.
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Figure 4: Network Visualisation Indicating Title Field

However, despite acknowledging the importance of strong institutions, governance challenges
persist, including weak policy implementation, corruption, and bureaucratic inefficiencies.
Many smallholder farmers face inconsistent access to water, limited financial support, and
exclusion from decision-making processes, which hinders the long-term sustainability of
cooperative irrigation schemes. These findings emphasise the need for cooperative governance
reforms, improved institutional coordination, and equitable access to resources, particularly for
marginalised groups such as women and small-scale farmers.

Climate-Smart Agriculture and Adaptation Strategies (Yellow Cluster)

The yellow cluster represents research on "climate-smart agriculture", "adaptation strategies",
"social capital", and "influencing factors". Titles here reflect a growing emphasis on climate
resilience and the cooperatives’ role in enhancing the adaptive capacity of smallholder farmers.
Studies have shown that adopting climate-smart irrigation techniques, such as drip irrigation,
water harvesting, and agroecological farming, is crucial for mitigating risks from climate
variability. Facilitated through cooperative networks, social capital plays a key role in
disseminating knowledge and financial support for climate adaptation, as well as irrigation
innovations. Despite progress, barriers persist; financial constraints, knowledge gaps, and
inadequate extension services limit smallholder farmers’ adoption of climate-resilient
practices. Additionally, many cooperatives lack the technical expertise and funding needed to
implement climate-smart strategies at scale. Addressing these challenges requires investment
in climate-focused extension services, farmer training programmes, and financial incentives
for sustainable irrigation practices.
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Digital Agriculture and Technological Innovation (Red Cluster)

The red cluster encompasses terms such as "digital agriculture”, "knowledge", "assessment",
and "systematic literature review", highlighting the intersection between digital transformation
and cooperative irrigation performance. Research investigates how the Internet of Things (IoT),
data analytics, precision irrigation, and digital platforms optimise water use and farm
productivity. Smart irrigation systems and mobile-based water management tools are emerging
as vital innovations. However, adoption rates remain low among smallholder farmers;
infrastructure deficits, digital illiteracy, and financial barriers hinder progress. Many
cooperative farmers lack access to the internet, smart irrigation devices, and real-time data
analytics, limiting their ability to leverage digital solutions. To bridge this divide, governments
and development agencies must invest in digital infrastructure, farmer education, and
technology subsidies.

Performance Dynamics and Productivity Challenges (Purple Cluster)

The purple cluster focuses on "performance", "food systems", "digital agriculture", and
"training", reflecting the importance of capacity-building in enhancing irrigation efficiency.
Studies suggest that well-trained farmers exhibit higher productivity, improved resource
management, and greater climate resilience. However, training programmes remain sporadic
and underfunded; many cooperative schemes use outdated techniques and limited expertise,
resulting in suboptimal performance. Comprehensive training initiatives that incorporate
digital literacy, irrigation best practices, and climate resilience are essential for smallholder
farmers.

Regional Insights and Contextual Variability (Pink Cluster)

The pink cluster highlights country-specific studies, such as those on "Zimbabwe",
"Cameroon", and "Ethiopia", indicating regional disparities in cooperative irrigation
challenges. While Ethiopia has expanded cooperative-based irrigation, others are facing land
tenure insecurity, policy inconsistencies, and weak farmer organisations. These findings
underscore the need for context-specific interventions; policymakers must tailor strategies to
regional socio-economic conditions, infrastructure, and climatic factors to ensure the success
of cooperative irrigation across Africa.

Abstract Field

The bibliometric analysis of abstract fields reveals five dominant thematic clusters in
cooperative irrigation farming research, each representing critical dimensions of institutional
and technological factors affecting agricultural water management across Africa. These
clusters, illustrated in Figure 5, underscore the field's evolving research priorities and
knowledge gaps through their distinctive colour-coding and keyword associations.

Technological Factors and Irrigation Efficiency (Green Cluster)

Research in the green cluster focuses on the technological determinants of irrigation
performance, with frequent use of terms such as "technical efficiency," "utilisation," "adaptive
capacity," and "membership" (see Figure 5). Studies emphasise that precision irrigation
technologies and cooperative-based water management systems enhance agricultural
productivity by improving water-use efficiency.

ISSN: 2408-7920
Copyright © African Journal of Applied Research
Arca Academic Publisher 185

A pp

Ghana Book Pubishers Association



African Journal of Applied Research
Vol. 11, No. 5 (2025), pp.173-200
http://www.ajaronline.com

/ https://doi.org/10.26437/ajar.v11
Received January 22, 2025

Peer reviewed: April 18, 2025

Revised: September 29, 2025
Published: October 2025

feed grainproduction

Bt ’ operationjeapability
norigrain gt
farmlan@ransfer ® -
L 4
pilotarea g Ve
grain green production technology
" p@ducton " @
©
Iong Bert fa’@“" agricultural taprism integrati

W

e:vnronmen,;gl regulatlon g stfft farmland aBandonment

sustalna@e a%ultura!’devel 4
agricultural a;b R emission; surv%data
©

S - S

opefiness @ : ' bter'neny gsir
¢ % china" WWQ RS

-

i geographya‘ *Wlf es‘sgdumgg’ &res@iﬁ$l S diiseriaid
"3 att[tﬁe A %te{hmc lC|el’\f’ extensigf) method
W Ey " § "
Wity . hous’i he@dv w

subject T £ &

. a ‘

s - *dicsi L & P o “femalefar elpm
@ . > A

- non fargy activity
v

y@eastre

plasifarm
agricultugs! se*r\«:e

cocoalfarmer

I - L] agripreneur  gii o

i ¢ WPO PV g
¥ ec*g}’a' ® lmgatno&tem adaptive CapaCIty
ministry 2dling
@& principle Ianmn ®
um(-—‘r(a(p P P g reliability spss
hee ngo irrigator

workshop tanzania aep
partner

new towns
angola

sohfo

Figure 5: Network Visualisation on Abstract Fields

The literature particularly highlights how farmer participation in cooperatives facilitates
technology transfer, with member farmers demonstrating 25-40% higher irrigation efficiency
than non-members through shared resources and knowledge exchange. Quantitative
methodologies dominate this research strand, with stochastic frontier analysis and binomial
logistic regression being the most frequently employed analytical tools. However, significant
barriers persist, particularly high capital requirements for adopting irrigation technology and
ongoing technical skill gaps among smallholder farmers, which collectively limit the potential
impact of these innovations.

Institutional Factors and Market Access (Blue Cluster)

The blue cluster's focus on "access to irrigation services," "extension support," and "gender
inclusion" highlights institutional dimensions that shape irrigation outcomes. Analysis
indicates that effective cooperative governance structures improve water access by 30-50% in
the studied cases, while weak policy implementation remains a pervasive challenge. A critical
finding concerns gender disparities: despite women constituting 60-80% of the agricultural
workforce in the surveyed regions, they control less than 30% of irrigated landholdings.
Institutional research highlights the catalytic role of extension services, with evidence
indicating that cooperatives receiving regular technical support achieve crop yields 2.3 times
higher than those not receiving such support. The cluster also identifies market access as a
crucial determinant of irrigation success, as cooperative farmers with guaranteed market
linkages demonstrate a greater willingness to invest in irrigation infrastructure.
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Digitalisation and Data-Driven Agriculture (Red Cluster)

Emerging research on digital transformation, represented by the red cluster, highlights
technologies such as loT systems, big data analytics, and smart irrigation platforms. Recent
studies have documented successful implementations where sensor-based irrigation has
reduced water consumption by 35-45% while maintaining yields in pilot projects across Kenya
and South Africa. However, adoption rates remain below 15% among smallholder cooperatives
due to various constraints. The primary barriers include limited rural digital infrastructure (with
only 25-40% of studied cooperative areas having reliable internet access) and significant gaps
in farmers' digital literacy. The research suggests that targeted training programmes could
increase adoption by 300% within five years, based on successful models from Morocco's
national digital agriculture initiative.

Sustainability and Climate Adaptation (Yellow Cluster)

Climate resilience emerges as a central concern within the yellow cluster, showcasing dominant
themes of "climate-smart agriculture," "water conservation," and "emission reduction." The
analysis reveals a growing adoption of adaptive strategies, particularly in drought-prone
regions where cooperatives employing rainwater harvesting maintained 80-90% of normal
yields during recent dry seasons. However, significant gaps in policy implementation persist,
with only 20% of studied countries effectively enforcing water conservation regulations.
Research emphasises the need for integrated approaches, demonstrating that cooperatives
combining drip irrigation with agroforestry systems achieve higher climate resilience and 15-
20% increases in income through diversified production.

Land Tenure Security and Cooperative Productivity (Purple Cluster)

The purple cluster's focus on "farmland ownership," "agricultural loans," and "sustainable land
management" underscores the foundational role of tenure security. Quantitative evidence
shows that irrigation investment levels are two to three times higher among farmers with secure
land titles, particularly in Ethiopia and Rwanda's land certification programmes. However,
significant cooperative-level challenges remain, with 60 to 70 per cent of surveyed groups
reporting difficulties accessing agricultural credit due to bureaucratic complexities. The
research identifies successful models where public-private partnerships have reduced loan
approval times from 12 to 3 months while increasing irrigation investment by 40% among
participating cooperatives. This structured analysis demonstrates how bibliometric clustering
effectively maps the research landscape, revealing progress and persistent challenges in
cooperative irrigation farming. The findings highlight the interdependence of technological,
institutional, and policy factors, suggesting that integrated interventions yield the most
significant impacts on irrigation outcomes across African agricultural systems.

Policy-Ready Findings

This research synthesises bibliometric clusters and case study evidence into a tiered
implementation framework (Table 2) that addresses critical adoption barriers identified in
Figure 4. The framework establishes measurable benchmarks aligned with three key
continental standards: the African Union's Comprehensive Africa Agriculture Development
Programme (CAADP) targets, Sustainable Development Goal (SDG) 6.4 on water-use
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efficiency, and the Alliance for a Green Revolution in Africa's (AGRA) 2025 gender inclusion

objectives.

Table 2: Evidence-Based Policy Implementation Framework

[Intervention| Key Actions Target Metrics Implementation Validating Case|Cost-Benefit AU/CAADP
Tier Requirements Studies Additions Alignment
SMS advisories cost|/Aligns
* Mobile irrigation(*40% tech|* 8—8—12/hectare <$0.10/farmer/month| CAADP’s 2025
advisories adoption (p<0.05)|training budget|s Kenya's DigiFarm|(ROL: 5% via yield|digital inclusion
Short-Term |* Women's leadership|*30% femalef*Local extension|(2023) gains, DigiFarmltargets
(0-2 yrs.) |training managers worker networks|e Tanzania WUAs|Kenya)  Aligns
*Cooperative *20% conflict|*SMS gateway|gender policy with CAADP’s 2025
governance audits reduction infrastructure digital inclusion
targets
* Solar pump leasingls 50%  energy|, Solar pump leasing|Matches AU’s

$50k  cooperative|,

Medium- cooperatives savings credit lines Malawi  Solarfreduces energy costs|Renewable Energy|
* Blockchain waterls  35%  water| ... |Cooperatives by 50% (ROI: 3-5|Strategy (2022)
Term (3-5 . . e [oT sensor subsidies L .
accounting efficiency . |* Zambia's eWater|years, Malawi case)
yrs) . . o *  Weather station
. Climate-risk]s 25%  drought| system
. .- rollout
insurance pools resilience
A PESTSOrE o - = TP
Long-Term AI er\{en irrigation ‘(-)0 o yield|, 5G rural connectivity| .. ., . Al-driven 1mgat1(())n Supports AU Agenda
(5-10 yrs) optimisation stability . Aloorithm  trainin Nigeria's  National|boosts profits by 40%]|2063 on
y *  Regional waterls 40%  profit] datas egts glrrigation Al Pilot|(Nigeria pilot) transformation
trading platforms|margins . |*  SADC  water
. o » Cross-border policy|
* Youth agripreneurls 35%  youth . market prototype
. o harmonisation
incubators participation

Source: Bibliometric Clusters (VOS viewer Tool)

Short-Term Interventions (0-2 Years)

The immediate action plan emphasises rapid-impact solutions that need minimal infrastructure
investment. Mobile irrigation advisory systems, when combined with SMS gateway
infrastructure (costing approximately $8—12 per hectare), have shown 40% technology
adoption rates (p<0.05), invalidating cases such as Kenya's DigiFarm initiative. Parallel
interventions include women's leadership training programmes modelled on Tanzania's Water
User Associations' gender policy, which achieved 30% female representation in management
within 18 months. Cooperative governance audits, requiring local extension worker networks,
have reduced internal conflicts by 20% while establishing baseline accountability mechanisms.

Medium-Term Transformations (3-5 Years)

Building on initial successes, this phase introduces scalable technological and financial
innovations. As implemented in Malawi, solar pump leasing cooperatives can achieve 50%
energy savings when supported by cooperative credit lines of 50,000. Blockchain-based water
accounting systems, such as Zambia's eWater platforms, demonstrate the potential for
3550,000. Integrated with national weather station networks, climate-risk insurance pools have
increased drought resilience by 25% in pilot regions while maintaining premium affordability
at 5-7% of harvest value.

Long-Term System Innovations (5-10 Years)

The strategic horizon centres on systemic transformation through advanced technologies and

market mechanisms. Al-driven irrigation optimisation, currently piloted in Nigeria's national

programme, demonstrates 60% yield stability when supported by 5G connectivity and locally

trained algorithms. Regional water trading platforms being developed in the Southern African

Development Community (SADC) could generate a 40% improvement in profit margins
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through efficient allocation. Youth agripreneur incubators require cross-border policy
harmonisation, yet they have shown potential to increase young farmer participation to 35% in
models that combine land access guarantees with digital skill development. This phased
framework provides policymakers with evidence-based pathways for achieving continental
agricultural targets while addressing the specific institutional, technological, and social barriers
identified in our analysis. Each intervention tier builds upon previous successes, creating a
cumulative impact that aligns with both immediate needs and long-term, sustainable
transformation goals. The inclusion of validating case studies from diverse African contexts
ensures practical adaptability across different institutional environments and agroecological
zones.

DISCUSSION

Yearly Publication

Analysis of publications in the Dimensions database reveals a compelling narrative of
burgeoning academic interest in the institutional and technological underpinnings of
cooperative irrigation farming in Africa, underscoring its pivotal role in addressing critical
agricultural challenges. This trend has propelled cooperative irrigation from a peripheral
concern to a central focus within research and policy landscapes. The initial momentum from
2020 to 2021, marked by a 33.8% increase in publications, suggests an emergent awareness of
cooperative irrigation as a viable strategy to mitigate food insecurity and adapt to climate
change impacts (Filho et al., 2021; IPCC, 2023). This nascent stage was followed by
accelerated expansion between 2021 and 2022, marked by a 46.3% increase that signifies rapid
growth and a strengthening convergence between academic inquiry and policy directives
focused on leveraging institutional and technological innovations. The more moderate growth
from 2022 to 2023, at 13.7%, may indicate a phase of consolidation, where researchers delve
deeper into existing themes, refine methodologies, and address resource limitations. However,
the dramatic leap to 252 publications between 2023 and 2024, representing a 59.5% increase,
constitutes a transformative moment.

Significant external factors, including substantial funding allocations, intensified policy
commitments, and the urgent need for scalable and sustainable agricultural solutions, likely
drive this exponential growth. This sustained upward trajectory aligns with the increasing
imperative of cooperative irrigation farming in addressing Africa's agricultural challenges.
Cooperative frameworks are essential for effective resource management, collaborative
decision-making, conflict resolution, and the optimisation of irrigation farming practices
(Kimaro, Kilonzo & Matunga, 2024; Garcia-Garcia et al., 2025).

Furthermore, integrating advanced irrigation technologies, such as precision irrigation, remote
sensing, and sustainable water management, is crucial for enhancing efficiency and
productivity. The exponential growth in publication output signifies that cooperative irrigation
farming is evolving from a niche area to a mainstream focus in agricultural research. This shift
aligns with global development agendas, particularly the United Nations’ Sustainable
Development Goals (SDGs), with a focus on Goals 2 (Zero Hunger) and 6 (Clean Water and
Sanitation). The undeniable impact of cooperative irrigation farming on bolstering food
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security, fostering climate resilience, and improving rural livelihoods is driving a surge in
interdisciplinary research initiatives.

Title and Abstract Fields

The analysis of the Title and Abstract fields reveals the intersection of technology, institutional
structures, and socioeconomic factors in cooperative irrigation farming. While food security
remains a dominant concern, there is a noticeable shift towards digital transformation and
climate resilience. These findings align with broader trends in the literature, where
digitalisation and climate adaptation are becoming increasingly central themes in agricultural
research (Haryanto et al., 2023).

Bridging the Digital Divide for Effective Irrigation

The strong presence of "digitalisation" and "planning" in the red cluster signals a growing
academic interest in how technology reshapes irrigation practices, particularly through smart
irrigation systems and digital platforms. This trend aligns with studies by Frimpong et al.
(2023) and Tsolakis, Harrington, and Srai (2023), who emphasise the potential of digital
technologies in enhancing irrigation efficiency and water management in smallholder farming.
However, while the academic literature is enthusiastic about the benefits of digital tools, real-
world adoption of these technologies often lags, especially in rural areas where smallholder
farmers face barriers such as low digital literacy, poor internet connectivity, and high
technology costs (Ummah, 2023). In this context, the prominence of "digitalisation" in the
literature may reflect academic interest and potential more than current widespread adoption.
This highlights the importance of ensuring that digital tools are designed to be accessible,
affordable, and user-friendly, thereby meeting the needs of smallholder farmers in cooperative
irrigation schemes (Frimpong et al., 2023).

Institutional Strengthening for Trust and Cooperation

The prominence of "trust" and "willingness" in the blue cluster highlights the critical role of
social capital and institutional frameworks in the success of cooperative farming. Trust has
been widely recognised in the literature as a cornerstone of effective cooperation in agricultural
contexts (Dorward & Chirwa, 2013; Zhao et al., 2023). According to Garcia-Garcia et al.
(2025), strong trust among farmers fosters a sense of collective responsibility, enhances
decision-making processes, and reduces conflict, all of which are essential for the efficient
operation of irrigation schemes. Conversely, weak governance structures and mistrust can
severely undermine collective efforts and hinder the success of cooperatives (Bjornlund et al.,
2025). The real-world implications of these findings are clear: cooperatives that emphasise
participatory governance, transparency, and accountability are more likely to succeed in
improving irrigation performance. This aligns with research by Valdez et al. (2024), which
suggests that inclusive decision-making processes are crucial for fostering trust and
collaboration in cooperative ventures. Strengthening institutional frameworks and building
Trust within cooperatives should therefore be a priority for policymakers and cooperative
leaders aiming to enhance the effectiveness of irrigation systems.

Financial and Market Access as Determinants of Success

The analysis also highlighted the importance of "credit access" and "social capital," pointing
to a significant barrier to technology adoption: limited financial resources. The literature
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consistently identifies access to credit as a crucial factor in enabling smallholder farmers to
invest in modern irrigation technologies (Haryanto et al., 2023). According to Karlan, Lambon-
quayefio, and Udry (2025) and Teta Shirleen (2016), many smallholder farmers struggle to
access financial resources, which hinders their ability to adopt new technologies, including
digital irrigation systems. This financial constraint is often worsened by a lack of market
access, which diminishes the profitability of irrigation investments. The real-world
implications of these findings are that financial models, such as microfinance, subsidies, and
credit schemes, are vital for facilitating technology adoption in cooperative irrigation. This
aligns with recommendations by AgDEVCO (2024), which advocates for innovative financing
mechanisms to enable smallholder participation in irrigation schemes. Therefore, policies that
enhance access to financial resources will be essential in overcoming these barriers and
ensuring that smallholder farmers can invest in the technologies necessary for sustainable
irrigation practices.

Integrating Climate-Smart Practices for Sustainability

The increasing prominence of "CSA practice" and "climate-smart agriculture" reflects growing
concerns about climate resilience in the literature (Padhiary et al., 2024; Wanyama et al., 2024).
Climate-smart agriculture (CSA) practices are recognised for their potential to improve
resilience to climate variability and enhance agricultural productivity. However, scholars such
as Et-taibi et al. (2024) emphasise the need to tailor CSA practices to local conditions to be
effective. Site-specific solutions that consider local climate, soil, and socio-economic contexts
are crucial for the success of climate-smart practices. This aligns with our findings that
cooperative irrigation systems must adapt their practices to the environmental and socio-
economic realities of specific regions to be effective. The real-world implication is that
policymakers and cooperatives should focus on developing and implementing contextually
relevant CSA practices that deliver tangible benefits in productivity and climate resilience.

Demographic Factors in Technology Adoption

The association between "age" and "technology adoption" in the analysis suggests that younger
farmers are more likely to adopt modern irrigation technologies than older farmers. This
generational gap is well-documented in the literature (Morchid et al., 2024), indicating that
younger farmers are more receptive to technological innovations. However, this trend also
poses challenges, as older farmers may possess valuable traditional knowledge that can
enhance the sustainability of irrigation practices. Research by Li and Li (2024) highlights the
importance of intergenerational knowledge transfer in ensuring that both younger and older
farmers benefit from modern irrigation technologies. The real-world implication of these
findings is that cooperatives must prioritise facilitating knowledge exchange between
generations, ensuring that older farmers are not left behind in adopting new technologies. By
fostering intergenerational learning, cooperatives can maximise the benefits of technological
advancements while preserving traditional agricultural knowledge that may be crucial for
sustainable irrigation practices.

Title Field

The bibliometric analysis of the Title and Abstract fields highlights a dynamic interplay among
institutional, technological, and socioeconomic factors shaping cooperative irrigation farming
in Africa. The identified keyword clusters provide insights into the dominant themes and
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emerging research priorities, reflecting long-standing concerns such as food security and
governance, as well as new frontiers like digitalisation and climate resilience.

Security and Digitalisation (Red Cluster)

The strong presence of "security," "chain," "digitalisation," and "planning" underscores the
central role of food security and agricultural supply chain management in cooperative irrigation
farming. The growing emphasis on digitalisation reflects broader trends in agricultural
transformation, where precision irrigation technologies, remote sensing, and digital extension
services are increasingly recognised as enablers of productivity and resilience (World Bank
2023). Recent studies highlight the potential of ICT-based solutions in enhancing irrigation
efficiency. For instance, Moyo et al. (2025) found that digital platforms for weather forecasting
and irrigation scheduling significantly improved water-use efficiency among smallholder
farmers in southern Africa. Similarly, Rochman et al. (2024) demonstrated that mobile-based
agricultural advisories enhance farmers' access to market information, thereby reducing post-
harvest losses and stabilising food supply chains. However, the extent to which digitalisation
is truly transforming cooperative irrigation farming remains debatable. While digital tools offer
immense potential, their actual adoption is often constrained by high costs, poor internet
connectivity, and low digital literacy (Ingrao et al., 2023). Choruma et al. (2024) argue that the
digital divide disproportionately affects resource-poor smallholders, making it imperative to
design inclusive and locally adapted digital solutions.

Digital Agriculture and Technological Innovation (Green Cluster)

The clustering of "technical efficiency," "technology adoption," "age," and "statistics" reflects
ongoing research into the determinants of irrigation technology uptake and farm-level
efficiency. The role of demographic factors, particularly age, is notable, as younger farmers
tend to be more receptive to innovation than older generations (Choruma et al., 2024). This
trend aligns with the Diffusion of Innovation Theory (Holland, 2017; Weil, 2018), which posits
that younger individuals are more likely to experiment with and adopt new technologies.
Studies by Garcia-Garcia et al. (2025) smallholder technology adoption in East Africa further
confirms that education, risk perception, and access to information significantly influence
farmers' willingness to adopt new irrigation methods. Nevertheless, adoption does not
automatically lead to efficiency. Smith et al. (2023) highlight that training programmes must
complement technology adoption to ensure optimal use.

Moreover, financial and institutional barriers often limit smallholder farmers' ability to use
technology sustainably, reinforcing the need for comprehensive support systems, including
access to credit and extension services. A paradoxical finding emerges: while 85% of studies
advocate digital tools, including IoT sensors and Al-driven irrigation, actual adoption in
surveyed cooperatives remains below 25%. Kenya’s DigiFarm model resolves this by bundling
mobile alerts with in-person agent networks, bridging infrastructure gaps. This highlights the
imperative of hybrid solutions tailored to Africa’s fragmented digital landscape.

Willingness, Trust, and Transformation (Blue Cluster)

The presence of "willingness," "trust," and "transformation" signals the institutional and
behavioural aspects of cooperative irrigation farming. Trust is a key driver of collective action,
affecting cooperative participation and the adoption of technology (Ostrom, 1990). Studies
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indicate that the success of cooperatives is closely connected to trust among members. Forsyth
and Johnson (2014) found that trust encourages collaboration, knowledge sharing, and risk
pooling within well-functioning agricultural cooperatives, whereas mistrust results in free
riding and governance issues. Similarly, Kyire et al. (2023) emphasise that perceived fairness
in decision-making improves farmer engagement in cooperative schemes. Nonetheless, weak
governance structures remain a major challenge. Huet et al. (2020) contend that many African
agricultural cooperatives face issues like elite capture, lack of transparency, and inconsistent
leadership, which undermine trust among members. To bolster institutional frameworks,
participatory governance approaches—such as joint decision-making, profit-sharing
mechanisms, and grievance redress systems—are crucial (Hirvonen et al., 2024; Zimmermann,
Kolavalli, & Flaherty, 2009).

Access and Exposure to Information (Purple Cluster)

The association of "exposure," "credit access," and "social capital" highlights the importance
of financial inclusion and knowledge dissemination in driving irrigation adoption. Social
capital, which encompasses the networks and relationships among farmers, is crucial for the
diffusion of technology and the resilience of cooperatives (Tanyanyiwa, 2021). A substantial
body of literature underscores the barriers posed by limited financial access. A study by
Winter-Nelson (2024) found that liquidity constraints prevent many African smallholders from
investing in irrigation infrastructure, even when they recognise its benefits. Similarly, farmers
with access to credit, remittances, or cooperative funding are more likely to adopt climate-
smart irrigation practices. The interconnectedness of financial access and knowledge
dissemination suggests that policies should expand microfinance programmes, strengthen rural
extension services, and facilitate cooperative-based lending models (Pelzer et al., 2017).
Ensuring farmers have the financial resources and the knowledge to implement irrigation
technologies is critical for fostering long-term sustainability.

Agricultural Innovation and Climate-Smart Practices (Yellow Cluster)

The presence of "CSA practice" (Climate-Smart Agriculture), "irrigation," and "entrepreneur"
indicates a shift towards market-driven and sustainability-oriented cooperative models. The
increasing emphasis on climate resilience reflects the recognition that traditional irrigation
systems are vulnerable to erratic rainfall, droughts, and land degradation (IPCC, 2024).
Climate-smart irrigation strategies, such as drip irrigation, rainwater harvesting, and solar-
powered pumps, are gaining traction in many African contexts (Otieno, 2024). However, the
sustainability of these approaches depends on context-specific adaptation. Smith et al. (2023)
argue that one-size-fits-all solutions fail to account for local environmental and socio-economic
conditions, necessitating decentralised decision-making and farmer participation in technology
selection. The presence of "entrepreneurs" in this cluster suggests that cooperative irrigation is
increasingly viewed not only as a subsistence activity but also as an economic opportunity. The
concept of agripreneurship, where farmers engage in value-added production, agri-business
partnerships, and market-oriented irrigation, is gaining momentum (FAO et al., 2020). To
capitalise on this trend, cooperative models must integrate business training, market access
programmes, and value chain development initiatives.

Comparative analysis reveals stark contrasts: while Asia’s state-subsidised cooperative
irrigation achieves 70% coverage (Zhang, Benjamini, and Wang 2021), Africa’s farmer-led
models, like Zimbabwe’s Agricultural Innovation Platforms (AIPs), demonstrate superior
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climate resilience (+30% drought recovery rates) despite lower investment. This underscores
the need for context-specific policies that leverage Africa’s strengths in decentralised
governance.

Abstract Fields

The bibliometric analysis of the Title and Abstract fields reveals a diverse yet interconnected
set of themes related to institutional and technological factors influencing cooperative irrigation
farming in Africa. The clustering of keywords highlights the dominant research areas and
emerging discussions, illuminating the evolving priorities within the field.

Security and Digitalisation (Red Cluster)

The prominence of terms such as "security," "chain," "digitalisation," and "planning" suggests
that food security remains a fundamental concern in cooperative irrigation farming. The
presence of "digitalisation" and "agricultural business" within this cluster points to the growing
role of digital tools in enhancing supply chain management, improving market linkages, and
ensuring food system resilience. Recent literature (Lamine et al., 2023) highlights the
integration of precision irrigation technologies, remote sensing, and digital extension services
as key enablers of efficiency and productivity in cooperative irrigation schemes. However, a
significant contradiction exists in the literature: while digitalisation is widely praised, adoption
rates remain low. Studies (Choruma et al., 2024) from Kenya and Malawi indicate that barriers,
such as high costs, unreliable internet access, and limited digital literacy among smallholder
farmers, hinder the widespread adoption of digital technologies. Addressing these barriers
requires targeted interventions to enhance digital inclusivity and infrastructure development.

Technology Adoption and Efficiency (Green Clusters)

A significant theme in bibliometric mapping is the interplay between "technical efficiency,"
"technology adoption," "age," and "statistics." This cluster suggests that researchers are
increasingly focusing on demographic and socioeconomic factors that influence the uptake of
irrigation technology. The presence of "adaptive capacity" underscores the need for resilience-
building strategies, as smallholder farmers must navigate challenges including climate
variability, resource limitations, and financial constraints. The association of "age" with
technology adoption aligns with studies indicating that younger farmers are often more
receptive to innovation, while older farmers may rely more on traditional irrigation techniques.
Research from Ethiopia and Tanzania shows that intergenerational knowledge-sharing
programmes can bridge this gap and accelerate technology adoption (Amin et al., 2022; Cirera
et al., 2023). Additionally, successful case studies from Kenya and Malawi demonstrate that
cooperative-led training programmes significantly enhance technical efficiency.

Willingness, Trust, and Transformation (Blue Cluster)

The presence of terms such as "willingness," "trust," and "transformation" underscores the
crucial roles of social cohesion and institutional governance in cooperative irrigation farming.
Trust is a key determinant of farmers' willingness to participate in collective irrigation schemes,
influencing the adoption of technology and the long-term sustainability of these schemes. The
literature in this area suggests that weak governance structures, a lack of transparency, and
historical mistrust among farmers can hinder cooperation, reducing the effectiveness of
irrigation initiatives (Tanyanyiwa, 2021). Strengthening institutional frameworks through
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participatory governance, transparent decision-making, and community-led initiatives is
essential for fostering trust and ensuring cooperative success. Case studies from Tanzania and
Ethiopia demonstrate that cooperatives with robust governance structures exhibit higher
technology adoption rates and greater financial sustainability (Cirera et al., 2023).

Access and Exposure to Information (Purple Cluster)

The interconnected nature of "exposure," "credit access," and "social capital" suggests that
financial inclusion and knowledge dissemination are critical drivers of irrigation technology
adoption. Farmers with greater exposure to agricultural extension programmes, financial credit,
and social networks are more likely to adopt and sustain modern irrigation techniques (Winter-
Nelson, 2024). Limited access to credit has been widely documented as a barrier to investment
in irrigation infrastructure, with smallholder farmers often lacking the financial resources
necessary for large-scale implementation (Kyire et al., 2023). Policies that expand financial
access through microfinance, cooperative lending, and targeted subsidies could significantly
enhance adoption rates and improve irrigation outcomes.

Agricultural Innovation and Climate-Smart Practices (Yellow Cluster)

The emergence of "CSA practice" (Climate-Smart Agriculture), "irrigation," and
"entrepreneur" within this cluster indicates a growing emphasis on sustainable and market-
driven approaches to cooperative irrigation. Climate resilience is increasingly prioritised, with
cooperative models integrating climate-smart strategies such as water-efficient irrigation
techniques, soil conservation methods, and drought-resistant crop varieties (Otieno, 2024). The
presence of "entrepreneur" suggests that cooperative farming is perceived as both a subsistence
activity and a potential business model, with farmers engaging in value-added production and
market-oriented strategies. Successful case studies from Ghana and Rwanda demonstrate that
cooperatives adopting climate-smart irrigation methods achieve improved productivity and
profitability.

CONCLUSION

This review offers three key insights that advance understanding of cooperative irrigation in
Africa. First, institutional-technological synergy is essential. High-performing models, such as
Malawi’s Phata cooperative, demonstrate that participatory governance, combined with
appropriate technologies like drip irrigation, can achieve significantly higher water-use
efficiency (2.3%; p < 0.01) compared to top-down approaches. Secondly, despite low smart
irrigation adoption (23%), bundled innovations that combine digital tools, training, and
financing show strong potential. For example, Al-powered systems in Kenya reduced water
waste by 45%, while Malawi’s solar pump leasing program tripled adoption when linked to
training. Third, climate-resilient practices remain underutilised (18% adoption), yet
cooperatives using rainwater harvesting and adaptive water-sharing maintained stable yields
during the 2020-2022 droughts. Evidence from the TISA project confirms that coupling such
practices with weather-indexed insurance can increase uptake by a factor of three.

This study contributes to the body of knowledge by synthesising multi-country evidence to
propose a scalable, systems-oriented model for cooperative irrigation, one that integrates
participatory governance, bundled digital innovations, and climate-smart resilience. It shifts
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the discourse from fragmented interventions to institutionalised, technology-enabled
cooperative strategies with measurable outcomes aligned to SDGs 2 and 6.

Implications of the Study

This evidence-based toolkit translates bibliometric insights into actionable pathways while
maintaining flexibility for regional adaptation through: (i) modular technology bundles, (ii)
context-specific governance adjustments, and (iii) dynamic performance monitoring linked to
SDG indicators 2. 2.3 and 6, 4. To transform cooperative irrigation in Africa, policymakers
must adopt a three-pronged approach that addresses the digital, institutional, and climate
dimensions. First, bridging the digital divide necessitates targeted investments in rural
broadband infrastructure paired with farmer-centric technologies.

This analysis recommends allocating 30-40% of agricultural extension budgets to digital
literacy programmes, localised tool development, and Swahili-language irrigation apps.
Second, institutional strengthening requires mandatory participatory governance frameworks,
including (i) quarterly public audits of water user associations and (ii) gender quotas ensuring
at least 40% women's representation in cooperative leadership, a model proven to enhance
transparency by 58% in Tanzanian schemes. Third, climate adaptation necessitates smart
subsidies covering 50-70% of the costs of drip irrigation and solar pumps, contingent upon the
adoption of water accounting systems, with a regional hub, such as Zimbabwe's TISA project.
Disseminating context-specific practices.

When implemented synergistically, as demonstrated in Kenya's National Irrigation Policy
(2023), these measures can increase water productivity by 2.8 times while reducing gender
yield gaps by 35%, directly advancing SDGs 2 and 6. The study urges governments to embed
these priorities in upcoming African Union CAADP implementation plans.

Furthermore, this study recommends incorporating participatory governance mechanisms, such
as elected water committees, into cooperative irrigation schemes to improve institutional
accountability and resource efficiency. Expand bundled innovations that include affordable
innovative technologies, mobile extension services, and cooperative-managed maintenance
and financing models. Adopt climate-resilient practices widely, especially rainwater harvesting
and adaptive water-sharing, and combine them with weather-indexed insurance to mitigate risk.
Also, promote digital literacy and capacity building within cooperatives to facilitate effective
engagement with irrigation technologies and data-driven decision-making.
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