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					ABSTRACT  

					This study examines critical success factors for implementing Agricultural Technology (AgriTech) solutions in  

					rural African Small and Medium Enterprises (SMEs), focusing on comparative case studies from Zimbabwe,  

					Kenya, Nigeria, Ghana, and Rwanda. The research adopts a comprehensive desk review methodology, analyzing  

					recent literature, policy documents, and implementation reports from 2020-2025. Key findings reveal that  

					successful AgriTech implementation depends on five primary factors: robust stakeholder involvement  

					encompassing government, private sector, academia, and farmer organisations; comprehensive ICT  

					infrastructure development including broadband connectivity and digital literacy programs; sustained capacity  

					building initiatives targeting technical skills and agricultural knowledge; deliberate gender inclusion strategies  

					addressing women farmers' specific needs; and innovative public-private partnership models facilitating  

					resource mobilisation and risk sharing. The study identifies significant barriers including the digital divide  

					affecting 61% of rural African populations, funding constraints limiting technology adoption, and skills gaps  

					impeding effective utilisation. Comparative analysis demonstrates that countries with integrated national digital  

					agriculture strategies, such as Rwanda's Smart Agriculture program and Kenya's DigiFarm platform, achieve  

					higher implementation success rates. The research contributes to understanding how contextual factors influence  

					AgriTech adoption patterns across different African economies. Results indicate that successful implementations  

					require minimum 3:1 return on investment demonstration, localised content development, and phygital service  

					delivery combining digital and physical channels. The study concludes that sustainable AgriTech  

					implementation necessitates holistic approaches addressing technological, social, economic, and institutional  

					dimensions simultaneously. Key policy takeaways include prioritising gender-inclusive public-private  

					partnership models with demonstrated 3:1 ROI benchmarks and establishing national broadband rollouts  

					achieving minimum 85% rural coverage to ensure equitable technology access across diverse agricultural  

					contexts.  

					Keywords: AgriTech implementation, rural African SMEs, digital agriculture transformation, technology  

					adoption barriers, public-private partnerships, agricultural innovation, sustainable development  

					INTRODUCTION  

					Agricultural transformation through technology adoption represents a critical pathway for addressing food  

					security challenges and economic development in rural Africa. With agriculture employing over 60% of Sub-  

					Saharan Africa's population and contributing approximately 25% to regional GDP, implementing effective  

					AgriTech solutions in rural SMEs becomes paramount for sustainable development (African Union, 2023).  

					Rural African SMEs face unique challenges including limited infrastructure, constrained access to finance, and  

					inadequate technical capacity, which impede successful technology adoption. Recent developments in mobile  

					technology, satellite imagery, precision agriculture, and digital financial services offer unprecedented  

					opportunities for agricultural transformation. However, implementation success varies significantly across  

					different African contexts, necessitating comparative analysis to identify critical success factors.  
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					This study investigates key determinants of successful AgriTech implementation in rural African SMEs,  

					examining experiences from Zimbabwe, Kenya, Nigeria, Ghana, and Rwanda. These countries were selected to  

					ensure regional representation (East, West, and Southern Africa), diverse technological infrastructure levels  

					(Kenya's advanced mobile ecosystem versus Zimbabwe's constrained connectivity), and varied implementation  

					approaches (government-led versus private sector-driven models). Understanding these success factors is  

					essential for policymakers, development partners, and private sector stakeholders seeking to scale agricultural  

					technology solutions effectively across diverse African agricultural systems and socio-economic contexts.  

					Research questions  

					This study addresses four primary research questions:  

					1. What are the critical success factors for implementing AgriTech solutions in rural African SMEs?  

					2. How do implementation approaches differ across selected African countries?  

					3. What barriers impede successful AgriTech adoption in rural contexts?  

					4. How can public-private partnerships enhance AgriTech implementation effectiveness?  

					LITERATURE REVIEW  

					Theoretical Frameworks  

					Technology adoption theories provide foundational understanding for AgriTech implementation analysis. Meta-  

					analytical reviews by Talukder et al. (2024) of Technology Acceptance Model applications in low- and middle-  

					income countries emphasise perceived usefulness and ease of use as primary adoption determinants, while  

					highlighting significant contextual variations across developing economies. However, recent studies by Mhlanga  

					and Ndhlovu (2023) demonstrate that traditional adoption models require contextual adaptation for African  

					agricultural environments, incorporating factors such as social networks, cultural practices, and resource  

					constraints.  

					The Digital Divide Theory, as articulated by Norris (2022), explains unequal access to digital technologies  

					affecting rural populations. This framework proves particularly relevant for understanding AgriTech adoption  

					patterns in Sub-Saharan Africa, where infrastructure limitations create significant access barriers.  

					Complementarily, Rogers' Diffusion of Innovation Theory, updated by Fanelli (2021), provides insights into  

					how agricultural innovations spread through rural communities, emphasising the role of opinion leaders and  

					demonstration effects.  

					Success Factors in AgriTech Implementation  

					Contemporary research identifies multiple success factors for AgriTech implementation. Smidt and Jokonya  

					(2022) analyze South African experiences, highlighting infrastructure readiness, farmer education, and technical  

					support as critical enablers. Their findings demonstrate that successful implementation requires minimum  

					broadband speeds of 10 Mbps and smartphone penetration rates exceeding 40% in target communities.  

					Stakeholder engagement emerges as a fundamental success factor across multiple studies. The Smart Africa  

					AgriTech Blueprint (2023) emphasises multi-stakeholder collaboration involving government agencies, private  

					sector entities, academic institutions, and farmer organisations. This collaborative approach facilitates resource  

					mobilization, knowledge sharing, and sustainable implementation. Similarly, Uwagaba et al. (2023) demonstrate  

					that artificial intelligence adoption in Sub-Saharan SMEs requires coordinated efforts among technology  

					providers, financial institutions, and agricultural extension services.  

					Infrastructure development constitutes another critical success factor. Deichmann et al. (2020) argue that digital  

					agriculture transformation necessitates comprehensive ICT infrastructure including reliable internet  
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					connectivity, mobile network coverage, and electricity access. The World Economic Forum (2024) AgriTech  

					report highlights that emerging economies require shared digital infrastructure to support smallholder farmers'  

					technology adoption. This includes rural internet connectivity, mobile money platforms, and cloud-based  

					agricultural data systems.  

					Capacity building represents a third essential success factor. Gumbi et al. (2023) systematic literature review on  

					sustainable digital agriculture demonstrates that successful implementations require sustained training programs  

					targeting both technical skills and agricultural knowledge. These programs must address digital literacy gaps  

					while building farmers' confidence in using new technologies. The study reveals that effective capacity building  

					programs achieve 75% farmer participation rates and demonstrate measurable productivity improvements within  

					12 months.  

					Gender Inclusion and Social Factors  

					Gender inclusion emerges as a critical yet often overlooked success factor. The World Economic Forum (2024)  

					highlights that women constitute 43% of the global agricultural workforce but face significant barriers to  

					technology access. Limited smartphone ownership, restricted decision-making authority, and inadequate digital  

					literacy create substantial adoption challenges for women farmers. Successful AgriTech implementations  

					therefore require deliberate gender inclusion strategies, including women-focused training programs, financial  

					services, and technology design.  

					Social network effects significantly influence adoption patterns. Kabbiri et al. (2018) mobile phone adoption  

					study in Sub-Saharan Africa demonstrates that peer influence and demonstration effects accelerate technology  

					adoption among farming communities. Farmers are more likely to adopt AgriTech solutions when they observe  

					positive outcomes among their social networks. This finding emphasizes the importance of pilot programs and  

					early adopter identification in implementation strategies.  

					Public-Private Partnership Models  

					Public-private partnerships (PPPs) facilitate AgriTech implementation by combining public sector policy  

					support with private sector innovation and investment. The World Economic Forum (2024) stresses that effective  

					PPPs provide government incentives while encouraging private sector investment in agricultural value chains.  

					Successful partnership models include data sharing platforms, technology sandbox environments, and risk-  

					sharing mechanisms.  

					Case studies from Kenya's DigiFarm platform and Rwanda's National Digital Agriculture Strategy demonstrate  

					effective PPP approaches. These initiatives combine government policy frameworks with private sector  

					technology solutions, achieving scale through coordinated implementation. iCow Kenya's success in reaching  

					over 2 million farmers illustrates how strategic partnerships between technology companies, telecommunications  

					providers, and government agencies create sustainable agricultural technology ecosystems.  

					Barriers and Implementation Challenges  

					Despite potential benefits, AgriTech implementation faces significant barriers in rural African contexts. The  

					digital divide affects approximately 61% of rural African populations, limiting technology access and adoption.  

					High technology costs, cited by 47% of farmers in McKinsey studies, represent primary adoption barriers.  

					Additionally, unclear return on investment calculations impede farmer willingness to invest in new technologies.  

					Inadequate infrastructure creates systemic implementation barriers. Misaki et al. (2018) systematic literature  

					review identifies poor mobile network coverage, unreliable electricity supply, and limited internet connectivity  

					as primary technical constraints. These infrastructure gaps particularly affect remote rural areas where many  

					smallholder farmers operate.  

					Skills gaps represent another significant barrier category. Limited digital literacy, inadequate technical support,  

					and insufficient agricultural extension services impede effective technology utilisation. Baumüller (2020)  
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					demonstrates that successful AgriTech adoption requires integrated support systems combining technical  

					training, agricultural advice, and ongoing maintenance services.  

					Comparative Country Experiences  

					Country-specific studies reveal diverse implementation approaches and outcomes. Kenya's experience with  

					mobile-based agricultural services, documented by Wamuyu and Maharaj (2022), demonstrates how leveraging  

					existing mobile money infrastructure accelerates AgriTech adoption. The country's M-Shamba platform  

					achieved 80% farmer satisfaction rates by integrating agricultural advice with financial services.  

					Nigeria's Fresh Direct Produce initiative illustrates private sector-led implementation approaches. The platform  

					connects smallholder farmers directly with urban markets, eliminating intermediaries and increasing farmer  

					incomes by 35%. However, scaling challenges related to logistics infrastructure and quality standardisation limit  

					broader adoption.  

					Rwanda's comprehensive digital agriculture strategy demonstrates government-led implementation approaches.  

					The country's integration of AgriTech with national development planning achieves coordination across multiple  

					sectors. However, high implementation costs and technological dependencies create sustainability concerns.  

					This literature review establishes that successful AgriTech implementation requires holistic approaches  

					addressing technological, social, economic, and institutional dimensions simultaneously. The identified success  

					factors provide theoretical foundations for empirical analysis of comparative country experiences.  

					METHODOLOGY  

					This study employs a comprehensive desk review methodology, analysing recent literature, policy documents,  

					and implementation reports from authoritative sources including government publications, international  

					organization reports, and peer-reviewed academic journals. The research focuses on AgriTech implementation  

					experiences in five African countries: Zimbabwe, Kenya, Nigeria, Ghana, and Rwanda, selected based on their  

					diverse agricultural systems, technological infrastructure levels, and implementation approaches.  

					Data Collection  

					Data collection utilised systematic searches of multiple databases including Google Scholar, ResearchGate,  

					African Development Bank repositories, World Bank documents, and government ministry publications. Search  

					terms included "AgriTech implementation," "rural SMEs Africa," "digital agriculture adoption," "agricultural  

					technology barriers," and "public-private partnerships agriculture." The study prioritised sources published  

					between 2020-2025 to ensure contemporary relevance and accuracy. Excluded materials included opinion  

					pieces, promotional content, and studies focusing exclusively on developed economies. The final dataset  

					comprised 35 primary sources including academic papers, policy reports, case studies, and implementation  

					evaluations.  

					Analytical Procedures  

					Analytical procedures involved thematic content analysis, identifying recurring patterns across different country  

					experiences and implementation contexts. Success factors were categorised using predetermined frameworks  

					derived from technology adoption literature, while barriers were classified according to technological, economic,  

					social, and institutional dimensions. Comparative analysis examined similarities and differences across selected  

					countries, identifying contextual factors influencing implementation outcomes.  

					Data Quality and Reliability Assessment  

					Given the secondary nature of data sources, the researcher conducted quality assessment using the following  

					criteria:  
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					Source Type  

					Reliability Score  

					Primary Use  

					Theoretical frameworks,  

					validated findings  

					Peer-reviewed journals  

					High  

					Government official reports  

					Medium-High  

					High  

					Policy data, national statistics  

					International organization reports  

					(World Bank, FAO, AfDB)  

					Infrastructure metrics, economic  

					indicators  

					Implementation outcomes, Return  

					on Investment (ROI) data  

					Program evaluation reports  

					Medium  

					Innovation trends, private sector  

					activities  

					Industry publications  

					Medium-Low  

					Data triangulation  

					Data triangulation enhanced validity through cross-referencing findings across multiple sources and analytical  

					perspectives. Quality assurance procedures included source verification, bias assessment, and consistency  

					checking across different document types. The methodology enables systematic identification of critical success  

					factors while maintaining analytical rigor. Limitations include reliance on secondary sources and potential  

					publication bias toward successful implementations in available literature.  

					The researcher utilised the following data triangulation procedures:  

					

					

					

					

					Cross-referenced quantitative claims across ≥3 independent sources where possible  

					Flagged single-source statistics as “preliminary” or “estimated”  

					Prioritised recent data (2022-2025) while noting temporal gaps  

					Documented conflicting reports and used conservative estimates  

					Statistical and Analytical Transparency  

					To enhance methodological rigor, the following analytical procedures were employed:  

					Infrastructure Readiness Index (IRI) Calculation:  

					The Infrastructure Readiness Index (0-10 scale) presented in Figure 1 was constructed using a weighted  

					composite formula:  

					IRI = (0.30 × Mobile Coverage %) + (0.25 × Internet Penetration %) + (0.25 × Electricity Access %) + (0.20 ×  

					Digital Device Availability %)  

					Where each component was normalized to a 0-10 scale. Weights were assigned based on relative importance  

					identified in the literature review, with mobile coverage receiving highest weight due to its foundational role in  

					AgriTech access.  

					Data source: World Bank Digital Development Indicators (2024), ITU Statistics (2024), and national  

					telecommunications authority reports.  

					Confidence level: Medium-to-high for Kenya and Rwanda (official government data); medium for Nigeria and  

					Ghana (survey-based estimates); low-to-medium for Zimbabwe (limited recent data, extrapolated from 2022  

					figures).  
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					Benchmark Justification:  

					

					10 Mbps broadband threshold: Based on FAO (2023) recommendations for cloud-based agricultural  

					platforms and real-time market information systems.  

					

					85% rural coverage target: Derived from comparative analysis of successful digital agriculture  

					programs in Rwanda (95% coverage) and Kenya (97% coverage), adjusted downward to account for  

					African regional averages.  

					

					3:1 ROI benchmark: Calculated as the median ROI from 18 documented AgriTech interventions across  

					the five study countries (range: 1.8:1 to 5.2:1, mean: 3.2:1, SD: 1.1).  

					Statistical Synthesis Approach:  

					Due to the secondary nature of data sources, traditional inferential statistics were not applicable. Instead, the  

					researcher employed:  

					

					Weighted frequency analysis for success factor identification (e.g., stakeholder involvement present in  

					89% of 35 reviewed cases)  

					

					

					Comparative scaling for infrastructure metrics  

					Sensitivity analysis for ROI projections, testing scenarios with ±20% cost variations  

					RESULTS  

					The comprehensive analysis reveals five primary success factors for AgriTech implementation in rural African  

					SMEs, with varying emphasis across different country contexts. These findings emerge from systematic  

					examination of implementation experiences across Zimbabwe, Kenya, Nigeria, Ghana, and Rwanda.  

					Primary Success Factors  

					Stakeholder involvement constitutes the most frequently cited success factor, appearing in 89% of analysed  

					implementations. This finding is based on systematic coding of 35 case studies, where ‘successful’ was defined  

					as achieving ≥60% of stated program objectives within the implementation period. Of 35 cases analyzed, 31  

					exhibited formal multi-stakeholder coordination mechanisms; 28 of these 31 (90.3%) were classified as  

					successful, compared to only 3 of 4 (75%) cases without such mechanisms. While the small sample size limits  

					statistical power (Fisher’s exact test, p=0.52), the consistent pattern across diverse contexts strengthens the  

					practical validity of this finding.  

					Successful projects consistently demonstrate multi-stakeholder collaboration encompassing government  

					agencies, private sector entities, academic institutions, farmer organizations, and civil society groups. Kenya's  

					DigiFarm platform exemplifies effective stakeholder coordination, involving Safaricom (telecommunications),  

					government agricultural departments, research institutions, and farmer cooperatives. This collaborative approach  

					facilitated resource mobilisation, knowledge sharing, and sustained implementation support.  

					Zimbabwe's EcoFarmer initiative demonstrates government-led stakeholder coordination, bringing together the  

					Ministry of Agriculture, university research centers, and private technology providers (ZimStat, 2024). The  

					initiative achieved 78% farmer adoption rates in pilot areas through coordinated training programs and technical  

					support systems, as documented in Zimbabwe's National Digital Agriculture Strategy 2023-2030. Similarly,  

					Rwanda's Smart Agriculture program integrates multiple government ministries with private sector partners,  

					achieving comprehensive agricultural transformation through synchronised interventions.  
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					Table 1: Stakeholder Involvement Patterns Across Countries  

					Country  

					Lead Stakeholder  

					Private Sector Role  

					Government Role  

					Success Rate  

					Technology  

					Kenya  

					Private Sector  

					Policy Support  

					85%  

					Development  

					Implementation  

					Partner  

					Rwanda  

					Nigeria  

					Government  

					Strategic Coordination  

					82%  

					76%  

					73%  

					78%  

					Regulatory  

					Framework  

					Private Sector  

					Market Development  

					Technology Provider  

					Technology Support  

					Development  

					Partners  

					Ghana  

					Capacity Building  

					Zimbabwe  

					Government  

					Program Leadership  

					Data Sources: Kenya - Safaricom DigiFarm Annual Report (2024), Digital Agriculture Kenya Report (2023);  

					Rwanda - National Digital Agriculture Strategy (2023), Smart Africa AgriTech Blueprint (2023); Nigeria -  

					Federal Ministry of Agriculture Digital Agriculture Policy (2024), Agritech Nigeria Innovation Review (2023);  

					Ghana - MOFA Technology Parks Assessment (2024); Zimbabwe - ZimStat Agricultural Survey (2024),  

					National Digital Agriculture Strategy 2023-2030. Success rates represent documented achievement of stated  

					program objectives as reported in official evaluations.  

					Infrastructure development emerges as the second critical success factor, with reliable internet connectivity and  

					mobile network coverage prerequisite for sustainable AgriTech adoption. Analysis reveals that successful  

					implementations require minimum broadband speeds of 10 Mbps and mobile network coverage exceeding 85%  

					in target areas. Kenya's superior telecommunications infrastructure, with 97% mobile coverage and average  

					internet speeds of 25 Mbps, facilitates higher adoption rates compared to countries with limited connectivity.  

					Rwanda's significant infrastructure investments, including the National Fibre Optic Backbone and 4G network  

					expansion, support comprehensive digital agriculture transformation. The country achieved 95% mobile  

					coverage and 78% internet penetration by 2024, enabling widespread AgriTech adoption. Conversely, rural  

					Zimbabwe's limited internet infrastructure, with only 45% coverage in agricultural areas, constrains technology  

					adoption despite strong government support.  

					Capacity building represents the third essential success factor, requiring sustained training programs targeting  

					both technical skills and agricultural knowledge. Successful implementations achieve minimum 75% farmer  

					participation in training programs and demonstrate measurable productivity improvements within 12 months.  

					Ghana's Agricultural Technology Parks initiative exemplifies effective capacity building, combining technical  

					training with practical demonstration plots, achieving 82% participant retention rates.  

					Figure 1: Infrastructure Readiness Index Across Study Countries  

					Country  

					Infrastructure Index (0 – 10)  

					Visual Representation  

					Kenya  

					Rwanda  

					Nigeria  

					Ghana  

					8.5  

					7.8  

					6.2  

					5.9  
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					Zimbabwe  

					4.7  

					Data Sources and Methodology: Index constructed from World Bank Digital Development Database (2024),  

					ITU World Telecommunication Indicators (2024), national regulatory authority reports, and AfDB Infrastructure  

					Development Index (2024). Component weights: Mobile coverage (30%), Internet penetration (25%), Electricity  

					access (25%), Digital device availability (20%). Scores represent 2023-2024 averages. Confidence intervals:  

					Kenya ±0.3, Rwanda ±0.4, Nigeria ±0.7, Ghana ±0.6, Zimbabwe ±0.8 (based on data completeness and recency).  

					Note: Infrastructure Readiness Index based on telecommunications coverage, internet penetration, electricity  

					access, and digital device availability  

					Gender inclusion emerges as a critical yet often overlooked success factor. Analysis reveals that implementations  

					specifically targeting women farmers achieve 23% higher adoption rates and 31% greater productivity  

					improvements. These estimates are derived from comparative analysis of gender-disaggregated outcomes in 8  

					programs (Kenya’s iCow, Rwanda’s RWANAMW cooperative, Ghana’s Women in Agriculture programs). The  

					23% adoption differential represents the average percentage-point difference in uptake rates between gender-  

					targeted interventions (mean: 58%, n=8 programs) versus gender-neutral programs (mean: 35%, n=12  

					programs). Productivity gains (31%) reflect weighted average yield improvements reported for women  

					participants (range: 18-47%, median: 29%). Confidence range: 18-35% for adoption boost, 22-41% for  

					productivity gains, based on reported standard errors where available. Rwanda's women-focused agricultural  

					technology cooperatives demonstrate this effect, with participating women achieving 45% income increases  

					compared to 28% for mixed-gender programs.  

					Kenya's iCow platform specifically addresses women farmers' needs through simplified interfaces, local  

					language support, and reproductive health information integration. The platform reaches 2.1 million farmers,  

					with 67% being women, demonstrating the effectiveness of gender-responsive design approaches.  

					Public-Private Partnership Models  

					Public-private partnership effectiveness varies significantly across different structural configurations. Analysis  

					identifies three primary PPP models: government-led partnerships (Rwanda, Zimbabwe), private sector-led  

					collaborations (Kenya, Nigeria), and development partner-coordinated initiatives (Ghana).  

					Government-led partnerships demonstrate superior policy integration and comprehensive coverage but face  

					sustainability challenges due to resource constraints. Rwanda's National Digital Agriculture Strategy exemplifies  

					this approach, achieving 89% geographic coverage but requiring continued government subsidisation.  

					Implementation costs average $2,400 per farmer reached, raising long-term sustainability concerns.  

					Private sector-led partnerships show greater financial sustainability and innovation capacity but may exclude  

					marginalised populations. Kenya's Safaricom-led DigiFarm platform achieves operational profitability while  

					serving 1.8 million farmers. However, the platform primarily reaches farmers with existing mobile money  

					accounts, potentially excluding the most vulnerable populations.  

					Table 2: PPP Model Effectiveness Comparison  

					Coverage  

					Rate  

					Innovation  

					Level  

					Inclusion  

					Score  

					PPT Models  

					Countries  

					Sustainability  

					Medium  

					Government-  

					Led  

					Rwanda,  

					Zimbabwe  

					89%  

					Medium  

					High  

					Kenya,  

					Nigeria  

					Private-Led  

					76%  

					High  

					High  

					Medium  
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					Development  

					Partner-Led  

					Ghana  

					68%  

					Low  

					Low  

					High  

					Data Sources: Government-led model data from Rwanda National Digital Agriculture Strategy (2023),  

					Zimbabwe Ministry of Agriculture Implementation Reports (2024); Private-led model from Safaricom DigiFarm  

					(Kenya, 2024), Farmcrowdy (Nigeria, 2023); Development partner-led from World Bank Ghana Agricultural  

					Technology Parks evaluation (2024), FAO Digital Village Initiative reports (2023). Effectiveness metrics  

					derived from program documentation using standardized scoring: Coverage rate (% of target population  

					reached), Sustainability (financial viability score 0-10), Innovation level (qualitative assessment), Inclusion  

					score (participation rate of women and marginalized groups). Cost per farmer calculated from reported program  

					budgets divided by active participants.  

					Implementation Barriers Analysis  

					The digital divide affects 61% of rural populations across study countries, representing the primary  

					implementation barrier. Infrastructure limitations include unreliable electricity supply (affecting 78% of rural  

					areas), poor internet connectivity (45% average coverage), and limited smartphone access (32% ownership  

					among smallholder farmers).  

					Funding constraints constitute the second major barrier category, with 47% of farmers citing high technology  

					costs as primary adoption obstacles. Analysis reveals average implementation costs of $1,200-$3,500 per farmer,  

					exceeding annual incomes for 68% of smallholder farmers. Successful implementations therefore require  

					innovative financing mechanisms including mobile credit, equipment leasing, and cooperative purchasing  

					arrangements.  

					Skills gaps represent the third significant barrier, with 54% of rural farmers lacking basic digital literacy.  

					Traditional agricultural extension services reach only 23% of smallholder farmers, creating knowledge transfer  

					challenges. Successful implementations address this through peer-to-peer learning networks, demonstration  

					plots, and simplified user interfaces designed for low-literacy contexts.  

					Country-Specific Implementation Outcomes  

					Kenya demonstrates the highest overall implementation success, with 85% average adoption rates across  

					multiple AgriTech platforms. Success factors include superior telecommunications infrastructure, established  

					mobile money systems, and strong private sector engagement. The country's M-Shamba platform achieved  

					profitability within 18 months while serving 950,000 farmers with integrated agricultural and financial services.  

					However, this high success rate reveals important contradictions: while Kenya achieves 85% overall adoption,  

					the DigiFarm platform primarily serves farmers with existing mobile money accounts, potentially excluding the  

					most vulnerable populations who lack access to formal financial services, representing approximately 32% of  

					rural smallholder farmers.  

					Rwanda shows strong government-led implementation, achieving 82% adoption rates through comprehensive  

					national coordination. The country's Smart Agriculture program integrates AgriTech with broader development  

					planning, ensuring sustainable resource allocation. However, high per-farmer costs ($2,400) and technological  

					dependencies create long-term sustainability challenges.  

					Nigeria exhibits mixed implementation results, with successful private sector initiatives alongside limited rural  

					coverage. Fresh Direct Produce achieved 35% farmer income increases in participating areas but serves only  

					12% of eligible smallholder farmers. Infrastructure limitations and regional disparities constrain broader scaling  

					efforts.  

					Ghana demonstrates steady progress through development partner support, achieving 73% adoption rates in  

					targeted regions. The country's Agricultural Technology Parks provide effective demonstration and training  

					www.ijltemas.in  

					Page 367  

				

			

		

		
			
				
					
				
			

			
				
					INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

					MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)  

					ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue I, January 2026  

					facilities, though limited private sector engagement constrains commercial scaling. Implementation relies  

					heavily on donor funding, raising sustainability concerns.  

					Zimbabwe shows strong government commitment but faces infrastructure and resource constraints. EcoFarmer  

					initiative achieved 78% adoption in pilot areas through effective stakeholder coordination. However, limited  

					internet connectivity (45% rural coverage) and economic challenges constrain broader implementation. The  

					program demonstrates successful local adaptation of international technologies.  

					Scalability and Cost-Effectiveness Analysis  

					Implementation cost variations reveal significant implications for scalability across different models. Ghana's  

					Agricultural Technology Parks demonstrate low-cost replication potential at $650 per farmer reached through  

					demonstration-based training and peer-to-peer learning networks, contrasting sharply with Rwanda's high-cost  

					model averaging $2,400 per farmer due to comprehensive government subsidisation and advanced technology  

					deployment. This cost differential suggests that scalable implementations require balancing technological  

					sophistication with affordability constraints, particularly for resource-constrained governments and smallholder  

					farmers with limited purchasing power.  

					Return on Investment Analysis  

					Successful AgriTech implementations demonstrate average 3.2:1 return on investment ratios, meeting farmer  

					expectations for technology adoption. Productivity improvements range from 28% (Zimbabwe) to 52% (Kenya),  

					with corresponding income increases of 23-47%. However, ROI calculations vary significantly based on crop  

					types, farm sizes, and market access conditions.  

					Kenya's DigiFarm users report average income increases of 43%, with maize farmers achieving 38% yield  

					improvements and dairy farmers increasing milk production by 28%. These results exceed the minimum 3:1  

					ROI threshold identified as necessary for sustained adoption.  

					Gender-disaggregated analysis reveals that women farmers achieve 23% higher ROI than male farmers when  

					provided targeted support services. This finding highlights the importance of gender-responsive implementation  

					approaches for maximizing overall program effectiveness and social impact.  

					DISCUSSION  

					The findings reveal interactions between technological, social, economic, and institutional factors influencing  

					AgriTech implementation success in rural African SMEs. These results contribute to theoretical understanding  

					while providing practical insights for policymakers and development practitioners seeking to scale agricultural  

					technology solutions effectively.  

					Theoretical Implications  

					The identified success factors extend traditional technology adoption theories by emphasising contextual factors  

					specific to African agricultural environments. While Davis's Technology Acceptance Model focuses on  

					perceived usefulness and ease of use, this study demonstrates that stakeholder involvement and infrastructure  

					readiness constitute prerequisite conditions for African contexts. The finding that 89% of successful  

					implementations feature multi-stakeholder collaboration suggests that collective efficacy theory, rather than  

					individual adoption models, better explains AgriTech success in communal agricultural systems.  

					The prominence of infrastructure development as a success factor validates Digital Divide Theory applications  

					in agricultural contexts. However, the study reveals that infrastructure requirements extend beyond connectivity  

					to encompass electricity access, device availability, and technical support systems. This comprehensive  

					infrastructure conceptualisation provides more nuanced understanding than binary digital divide frameworks  

					typically employed in development literature.  
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					Gender inclusion findings contribute to feminist technology studies by demonstrating quantifiable benefits of  

					women-centred design approaches. Following Ong and Collier's (2023) framework on gendered technology  

					design, the 23% higher adoption rates and 31% greater productivity improvements among women-targeted  

					programs support arguments for gender-responsive innovation frameworks that explicitly address women's  

					technological agency and decision-making autonomy. These results challenge gender-neutral technology  

					development assumptions prevalent in agricultural technology literature.  

					Comparative Analysis Insights  

					Country-specific implementation variations reveal how contextual factors influence success patterns. Kenya's  

					private sector-led approach achieves high adoption rates (85%) and financial sustainability through leveraging  

					existing telecommunications infrastructure and mobile money systems. This market-driven model demonstrates  

					how conducive policy environments can facilitate private sector innovation while achieving development  

					objectives.  

					Rwanda's government-led coordination achieves comprehensive coverage (89%) through integrated national  

					planning but raises sustainability concerns due to high per-farmer costs ($2,400). This centralized approach  

					proves effective for initial implementation but may require transitioning to sustainable financing models for  

					long-term viability. The tension between comprehensive coverage and financial sustainability represents a key  

					policy challenge for government-led initiatives.  

					Nigeria's mixed results illustrate how infrastructure disparities within countries create uneven implementation  

					outcomes. Successful urban and peri-urban implementations contrast sharply with limited rural adoption,  

					reflecting broader development inequalities. This pattern suggests that AgriTech scaling requires addressing  

					underlying infrastructure and capacity constraints rather than focusing solely on technology deployment.  

					Ghana's development partner-led approach demonstrates effective capacity building and inclusion but struggles  

					with commercial sustainability. High inclusion scores (95%) among marginalised populations contrast with low  

					innovation levels and donor dependency. This model proves valuable for reaching underserved populations but  

					requires transitioning to sustainable financing mechanisms for long-term impact.  

					Zimbabwe's experience illustrates how government commitment can partially compensate for infrastructure  

					limitations through effective stakeholder coordination and local adaptation. The 78% adoption rate in pilot areas  

					despite limited internet connectivity (45%) demonstrates the importance of implementation approaches tailored  

					to local constraints.  

					Success Factor Interdependencies  

					Analysis reveals significant interdependencies among identified success factors, suggesting that isolated  

					interventions may achieve limited impact. Stakeholder involvement facilitates infrastructure development  

					through coordinated investment and resource mobilisation. Rwanda's experience demonstrates how government  

					leadership enables systematic infrastructure development, achieving 95% mobile coverage through coordinated  

					public and private investments.  

					Infrastructure availability enables effective capacity building by providing platforms for training delivery and  

					ongoing support. Kenya's superior telecommunications infrastructure supports comprehensive digital literacy  

					programs, achieving 92% participant completion rates compared to 67% in countries with limited connectivity.  

					Capacity building enhances gender inclusion by addressing skill barriers that disproportionately affect women  

					farmers. Programs combining digital literacy with agricultural training achieve higher women's participation  

					rates (78%) compared to technology-focused initiatives (34%). This finding underscores the importance of  

					holistic approaches addressing multiple barriers simultaneously.  

					Public-private partnerships facilitate resource utilisation for infrastructure development and capacity building  

					while ensuring sustainable financing models. Successful partnerships combine public sector policy support with  
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					private sector innovation and investment, creating synergistic effects that individual actors cannot achieve  

					independently.  

					Barrier Mitigation Strategies  

					The digital divide requires comprehensive infrastructure development strategies rather than technology-focused  

					interventions. Successful countries invest systematically in rural telecommunications, electricity access, and  

					device affordability programs. Rwanda's National Fibre Optic Backbone demonstrates how coordinated  

					infrastructure investment creates foundations for broader digital transformation.  

					Funding constraints necessitate innovative financing mechanisms tailored to smallholder farmer circumstances.  

					Mobile credit systems, equipment leasing arrangements, and cooperative purchasing models demonstrate  

					effectiveness in reducing upfront costs while maintaining commercial viability. Kenya's mobile-based  

					agricultural credit system processes over $50 million annually, demonstrating scalable solutions for funding  

					constraints.  

					Skills gaps require sustained capacity building programs combining digital literacy with agricultural knowledge  

					transfer. Peer-to-peer learning networks prove particularly effective, achieving 84% knowledge retention rates  

					compared to 56% for traditional extension approaches. This finding emphasizes the importance of leveraging  

					existing social networks for technology diffusion.  

					Policy Implications  

					The prominence of stakeholder involvement suggests that policy frameworks should put emphasis on  

					coordination mechanisms rather than focusing exclusively on technology provision. National AgriTech  

					strategies require institutional arrangements facilitating multi-stakeholder collaboration, resource sharing, and  

					coordinated implementation. Rwanda's Smart Agriculture Coordination Unit exemplifies effective institutional  

					design for stakeholder coordination.  

					Infrastructure development policies should adopt comprehensive approaches addressing connectivity,  

					electricity, devices, and technical support simultaneously. Fragmented interventions addressing single  

					infrastructure components achieve limited impact compared to coordinated development programs. Kenya's  

					success reflects systematic telecommunications sector development over multiple decades rather than isolated  

					AgriTech investments.  

					Gender inclusion requires deliberate policy interventions addressing structural barriers affecting women farmers.  

					Policies should mandate women's participation in AgriTech programs, provide targeted training and support  

					services, and ensure women's access to agricultural resources and decision-making processes. Rwanda's gender  

					quotas in agricultural cooperatives demonstrate policy approaches for enhancing women's participation.  

					Implementation Model Recommendations  

					The analysis suggests that optimal implementation models vary based on country contexts and development  

					priorities. Countries with strong telecommunications infrastructure and established private sectors benefit from  

					market-led approaches that leverage existing systems while ensuring inclusive access. Kenya's experience  

					demonstrates how supportive policy environments can facilitate private sector innovation while achieving  

					development outcomes.  

					Countries with limited private sector capacity but strong government institutions may benefit from government-  

					led coordination approaches that ensure comprehensive coverage while building market foundations. Rwanda's  

					centralised approach achieves broad coverage and systematic capacity building, creating conditions for eventual  

					private sector engagement.  

					Countries with limited institutional capacity but strong development partner presence may benefit from  

					coordinated donor approaches that build local capacity while ensuring sustainable transitions. Ghana's  
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					experience demonstrates how development partner coordination can achieve significant impact while building  

					local systems.  

					Sustainability Considerations  

					Long-term sustainability requires transitioning from donor-dependent or government-subsidized models to  

					commercially viable systems that maintain social impact. The study reveals tension between comprehensive  

					coverage and financial sustainability, requiring careful balance in implementation design.  

					Successful sustainability strategies include graduated support systems that reduce subsidisation over time,  

					capacity building programs that create local technical expertise, and market development initiatives that create  

					sustainable demand for AgriTech services. Kenya's DigiFarm platform demonstrates how commercial viability  

					can be achieved while serving smallholder farmers through volume-based business models.  

					Environmental sustainability requires AgriTech solutions that promote climate-smart agriculture practices while  

					improving productivity. The study identifies opportunities for integrating environmental objectives with  

					productivity goals through precision agriculture, resource optimisation, and climate adaptation technologies.  

					Methodological Limitations and Future Research Directions  

					While this comparative desk review synthesises important patterns across five African contexts, several  

					methodological limitations warrant acknowledgment and suggest directions for future empirical work:  

					a) Secondary Data Constraints: The exclusive reliance on published documents, reports, and policy papers  

					limits our ability to validate quantitative claims through primary statistical analysis. Future research should  

					employ:  

					

					

					

					Primary field surveys with statistically representative samples of AgriTech users and non-users  

					Quasi-experimental designs comparing matched treatment and control groups  

					Longitudinal panel data to track adoption trajectories over time  

					b) Quantitative Rigor: Several numerical thresholds presented in this study (10 Mbps, 85% coverage, 3:1  

					ROI) are derived from synthesis of available literature rather than systematic econometric modelling. These  

					should be interpreted as indicative benchmarks rather than empirically optimized parameters. Future work  

					should:  

					

					

					

					Conduct sensitivity analyses to test how outcomes vary across infrastructure thresholds  

					Apply regression discontinuity or propensity score matching to isolate causal effects  

					Develop predictive models using machine learning to identify context-specific optimal parameters  

					c) Publication Bias: The literature synthesis may over-represent successful implementations, as failed or  

					ongoing projects are less likely to be documented in accessible sources. This could inflate reported success  

					rates and ROI figures.  

					d) Contextual Generalizability: While the five-country comparison enhances external validity within Sub-  

					Saharan Africa, findings may not generalize to other regions or agricultural systems without adaptation.  

					e) Data Provenance Transparency: Some reported statistics originate from program self-evaluations rather  

					than independent assessments, potentially introducing reporting bias.  
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					Recommendations for Future Research:  

					

					

					

					

					Mixed-methods validation studies combining surveys, interviews, and administrative data  

					Randomized controlled trials of specific AgriTech interventions  

					Meta-analyses with formal statistical synthesis across multiple studies  

					Cost-effectiveness analyses using standardized economic evaluation frameworks  

					RECOMMENDATIONS  

					Based on the comparative analysis, this study recommends priority actions organised by implementation  

					feasibility. Quick wins include: implementing gender quotas in agricultural training programs, demonstrated by  

					Rwanda's 45% income boost for women participants; establishing low-cost demonstration plots following  

					Ghana's $650 per farmer model; and deploying simplified mobile-based advisory services leveraging existing  

					telecommunications infrastructure.  

					Medium-term priorities include: developing national AgriTech coordination mechanisms bringing together  

					stakeholders for systematic resource mobilisation; implementing innovative financing mechanisms including  

					mobile credit and equipment leasing to address funding constraints; and establishing peer-to-peer learning  

					networks for sustainable capacity building.  

					Long-term investments require: national broadband rollouts achieving Kenya's 97% coverage model;  

					comprehensive infrastructure development addressing electricity access and device affordability; and sustainable  

					public-private partnership frameworks facilitating risk sharing while ensuring inclusive access to marginalised  

					populations. These prioritised approaches require sustained political commitment, adequate resource allocation,  

					and adaptive management systems responsive to local contexts.  

					CONCLUSION  

					This comparative study identifies five critical success factors for implementing AgriTech solutions in rural  

					African SMEs: comprehensive stakeholder involvement, robust infrastructure development, sustained capacity  

					building, deliberate gender inclusion, and effective public-private partnerships. The analysis demonstrates that  

					successful implementation requires holistic approaches addressing technological, social, economic, and  

					institutional dimensions simultaneously rather than isolated technology-focused interventions.  

					Country experiences reveal that contextual factors significantly influence implementation outcomes,  

					necessitating adaptive strategies tailored to local conditions and development priorities. While barriers including  

					the digital divide, funding constraints, and skills gaps present significant challenges, innovative solutions  

					combining policy support, infrastructure investment, and collaborative partnerships demonstrate promising  

					results.  

					The study contributes to understanding how AgriTech implementation can support rural development objectives  

					while providing practical guidance for policymakers and development practitioners. Future research should  

					examine long-term sustainability models and environmental impact assessments to enhance understanding of  

					AgriTech's broader development contributions in African agricultural transformation.  
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