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Abstract  

Blockchain technology is touted for democratizing supply chains, but 30–40% of smallholder farmers 

are excluded from fair market participation due to information gaps and power imbalances. The first 

complete empirical examination of blockchain's capacity to empower disadvantaged farmers in 

Global South agri-food systems. The paper examines 15 large-scale implementations, including 

Kenyan coffee cooperatives and Indian dairy collectives, using a rigorous mixed-methods 

methodology. Technical scalability in resource-limited situations, governance structures that 

promote meaningful multi-stakeholder engagement, and quantifiable inclusion results for small-

scale farmers are thoroughly examined. Comparative case study, agent-based adoption modeling, 

and quasi-experimental effect evaluation by Propensity Score matching reveal that blockchain's 

potential is not automatic nor inherent in eight nations. Techno-institutional synergy, not 

technological complexity, improves democracy, the research shows. Hybrid governance systems with 

farmer-controlled validator nodes and tokenized decision-making rights enhanced smallholder 

involvement by 58% and premium retention by 78% over corporate-controlled systems. However, 

technologically sophisticated deployments without institutional expertise frequently increase power 

concentration and exclusion. The blockchain viability index helps identify optimal deployment 

conditions for different commodities, empirical evidence challenges the idea that decentralization 

automatically promotes inclusion, and the inclusion-by-design framework helps policymakers embed 

equitable principles into decentralized agri-tech from the start. This study shows food system 

digitization practitioners and scholars that genuine democratization occurs when technology drives 

institutional transformation. 

  

Keywords: Agricultural Blockchain, Smallholder Inclusion, Decentralized Governance, Supply 

Chain Equity, Institutional Design, Agri-Tech Viability, Global South, Impact Evaluation 

  

1. INTRODUCTION 

The global agricultural sector confronts significant systemic challenges, including 

widespread information asymmetries between producers and consumers, unsustainable 

resource use, inequitable value distribution favoring intermediaries, and ongoing issues in 

ensuring food safety and genuine provenance within fragmented, multi-tiered global supply 

chains (Reardon et al., 2019; Barrett et al., 2022). In this context, blockchain technology, 
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characterized by its decentralized architecture, cryptographic security, data immutability, 

and transparent consensus mechanisms, has emerged as a potentially transformative tool 

capable of addressing these entrenched inefficiencies (Saberi et al., 2019; Kamilaris et al., 

2019). Proponents assert that blockchain-based systems can fundamentally enhance 

traceability from production to consumption, significantly lower verification-related 

transaction costs and the need for multiple intermediaries, foster unprecedented trust among 

previously disconnected parties, and ultimately empower marginalized producers by 

facilitating more direct access to end-value (Tian, 2016b; Treiblmaier, 2018). Market 

analysis predicts that the agricultural blockchain sector will attain a valuation of $7.8 billion 

by 2024, driven by substantial capital investments and strategic commitments from various 

stakeholders, including multinational agribusinesses, specialized technology providers, 

financial institutions, and governmental entities (Gartner, 2024). This optimistic projection 

sharply contrasts with the operational reality marked by extensive implementation failures; 

empirical evaluations reveal that around 80% of these initiatives fail to attain significant 

scalability or enduring impact, succumbing to a complex interplay of technical limitations, 

economic constraints, institutional misalignments, and entrenched socio-behavioral barriers 

(Gartner, 2024). This elevated failure rate signifies not only a substantial misallocation of 

resources but also severely hinders advancements in tackling the pressing demands of 

sustainability and justice in global food systems. The experience of Kenyan smallholder 

coffee producers using a blockchain-based traceability token system exemplifies the 

concrete advantages realized when obstacles are overcome. Through the facilitation of 

cryptographically verifiable proof of geographic origin, compliance with organic 

certification, and adherence to fair labor practices, which are directly associated with 

ethically conscious consumers in premium markets, participating farmers achieved an 

average price premium of 23% relative to conventional commodity channels (FairChain 

Foundation, 2023; Kipchumba, 2023). This augmented value capture directly correlates with 

increased family income and resilience for at-risk farmers. This research is driven by the 

clear contrast between evident localized success and extensive systemic failure, highlighting 

the urgent necessity for a thorough investigation into the essential factors influencing the 

success or failure of blockchain implementations within the complex socio-technical 

framework of agricultural supply chains, transcending the current hype. 

 

Gap Analysis 

A thorough critical analysis of the emerging literature on blockchain applications in 

agricultural supply chains uncovers a notable and impactful epistemological disparity. 

Dominant academic and professional endeavors demonstrate a significant overemphasis on 

the complexities of the technological framework—thoroughly analyzing consensus 

mechanisms (e.g., the trade-offs among Proof of Work, Proof of Authority, or Proof of 

Stake), cryptographic security protocols (including zero-knowledge proofs or homomorphic 

encryption), smart contract capabilities and associated vulnerabilities, and scalability 

solutions such as sharding or layer-two protocols (Swan, 2015; Zheng et al., 2018; Conti et 

al., 2018). This widespread technical determinism often neglects or insufficiently addresses 

the intricate institutional ecosystems and socio-economic conditions that are fundamentally 

intertwined with agricultural supply chains. It inadequately examines how blockchain 

systems interact with, contest, or unintentionally bolster existing formal regulations (such as 
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contract law and property rights) and entrenched informal institutions (including relational 

trust networks, established social norms, power imbalances, and cultural practices affecting 

technology adoption), which significantly influence the adoption process, operational 

effectiveness, and overall societal impact (Williamson, 2000; North, 1991; Beck et al., 

2018). As a result, a significant and crucial knowledge vacuum remains concerning the 

fundamental design principles for successful governance frameworks, particularly designed 

for blockchain platforms in agriculture. These frameworks must effectively align the often 

conflicting incentives of diverse stakeholders, manage unavoidable conflicts of interest, 

guarantee equitable participation and fair value distribution, cultivate authentic trust among 

a varied ecosystem that includes resource-limited smallholder farmers and cooperatives, 

processors, traders, logistics providers, retailers, regulators, and end consumers, and address 

the inherent tensions between the principles of decentralization and the practical 

requirements of coordination (Risius & Spohrer, 2017; de Reuver et al., 2018).  

Table 1: Primary Pain Points Hindering the Scalability of Agri-Blockchain Projects 

Rank Pain Point Nature of 

Challenge 

Key Contributing 

Factors 

Representative 

Sources 

1 Interoperability Technical & 

Operational 

Proliferation of isolated 

platforms; Lack of 

common 

data/communication 

standards; High 

complexity/cost of 

integration with legacy 

ERP/SCM/IoT systems. 

Hackius & 

Petersen (2017); 

Treiblmaier 

(2018) 

2 Farmer 

Onboarding 

Costs 

Economic 

& Socio-

technical 

Hardware/connectivity 

expenses; Digital literacy 

& skills gaps; 

Training/support needs; 

Behavioral inertia; 

Perceived risk/uncertainty; 

Cultural barriers. 

Kshetri (2018); 

van der Krogt et 

al. (2021) 

3 Data Quality & 

Integrity 

Operational 

& 

Governance 

Reliance on manual data 

entry ("garbage in" 

problem); Misaligned 

incentives for accurate 

reporting; Physical 

verification challenges at 

origin (oracle problem). 

Behnke & 

Janssen (2019b); 

Astill et al. 

(2019) 
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4 Governance 

Fragmentation 

Institutional 

& Strategic 

Lack of clear decision-

rights allocation; 

Ambiguous or contested 

value distribution models; 

Difficulty resolving multi-

party disputes; 

Coordination failures. 

Beck et al. 

(2018); Risius & 

Spohrer (2017) 

5 Regulatory 

Uncertainty 

Legal & 

Institutional 

Evolving data privacy 

laws (GDPR, CCPA); 

Ambiguous legal status of 

tokens/smart contracts; 

Cross-jurisdictional 

complexities; Lack of 

regulatory sandboxes. 

Tapscott & 

Tapscott (2018); 

Wright & De 

Filippi (2015) 

Empirical information from post-mortem evaluations of unsuccessful efforts and 

longitudinal studies of underperforming deployments repeatedly reveals recurrent 

challenges that significantly hinder scaling and long-term sustainability, as comprehensively 

outlined in Table 1. Interoperability defined as the ability of diverse blockchain platforms, 

legacy enterprise systems (ERP, SCM), and Internet of Things (IoT) sensor networks to 

exchange, interpret, and utilize data seamlessly without dependence on centralized 

intermediaries—presents the foremost technical and operational challenge (Hackius & 

Petersen, 2017; Treiblmaier, 2018). This fragmentation generates substantial data silos, thus 

compromising the fundamental value proposition of comprehensive transparency and 

considerably restricting the technology's practical use within the naturally international and 

multi-tiered structure of agricultural flows. The significant obstacle of farmer onboarding 

expenses is closely associated with, and frequently fundamentally connected to, 

technological difficulties (Kshetri, 2018; van der Krogt et al., 2021). This complex challenge 

includes not only the direct financial costs of necessary hardware (e.g., smartphones, 

specialized sensors, connectivity infrastructure) but also the significant investments needed 

for digital literacy training, facilitating behavioral change, overcoming cultural resistance to 

new technologies, providing ongoing technical support, and alleviating perceived risks and 

uncertainties—challenges particularly pronounced for smallholders in developing 

economies marked by infrastructural inadequacies and severe capital limitations. Addressing 

these enduring gaps requires a fundamental epistemological shift in research focus, 

transitioning from narrow techno-centric solutions to the comprehensive co-design of socio-

technical systems, where robust institutional arrangements and adaptive governance 

mechanisms are integral components of any effective strategy for implementing blockchain 

within complex agricultural value chains. 

 

Theoretical Foundations 

This research integrates complementary theoretical perspectives from Institutional 

Economics and Digital Platform Governance Theory to effectively address the identified 
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conceptual and practical gaps and develop a robust analytical framework for understanding 

and designing scalable, sustainable, and impactful agri-blockchain systems. Institutional 

Economics, particularly Transaction Cost Economics (TCE) as initiated by Coase (1937) and 

extensively refined by Williamson (1985, 1991, 2000), offers essential analytical instruments 

for examining the core governance issues inherent in coordinating agricultural supply chains. 

TCE views blockchain not just as an innovative information technology but as a potential 

alternative governance framework that can reduce certain transaction costs—specifically, 

those associated with information search, negotiation, drafting and monitoring intricate 

contracts, protecting against opportunistic behavior ("hold-up"), and enforcing agreements. 

These costs arise from essential transaction characteristics such as asset specificity (e.g., 

perishable goods, specialized equipment), uncertainty (both environmental and behavioral), 

and the frequency of exchanges within complex, multi-actor networks (Williamson, 1985; 

Grover & Kohli, 2012). Blockchain technology, by facilitating secure, transparent, and 

potentially automated execution of agreements via tamper-resistant smart contracts, 

theoretically promises to diminish ex-post opportunism, reduce costs related to compliance 

verification and product quality assessment (thus mitigating information asymmetry issues 

such as adverse selection), and enhance coordination among geographically dispersed 

participants, especially in institutional contexts marked by inadequate formal contract 

enforcement mechanisms, a prevalent issue in developing agricultural economies (North, 

1990; Foss & Foss, 2005). Nonetheless, TCE emphasizes that the attainment of these 

transaction cost efficiencies is not inherently dictated by technology; it is fundamentally 

dependent on the establishment of suitable institutional frameworks, encompassing well-

defined property rights and efficient conflict resolution systems. 

 
 

Figure 1: The Agri-Blockchain Market: Potential Versus Scalability Challenges 

Conceptualization informed by Gartner, 2024 
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Enhancing and broadening the TCE perspective, Digital Platform Governance 

Theory (Gawer, 2014; Tiwana et al., 2010; de Reuver et al., 2018) provides essential insights 

into the governance mechanisms necessary for managing multi-sided platforms (MSPs), a 

structural and economic framework fundamentally represented by most supply chain 

blockchain initiatives aimed at linking and coordinating producers, intermediaries, service 

providers, and consumers. This theoretical framework underscores the critical significance 

of intentional governance decisions regarding the distribution of decision-making authority 

(e.g., who governs protocol enhancements, data standards, dispute resolution processes, 

participant inclusion/exclusion?), the formulation of control mechanisms (e.g., consensus 

algorithms that dictate participation criteria, reputation systems that indicate reliability, 

token-based incentive frameworks to promote desired behaviors, performance evaluation 

systems), and the creation of fair value capture and pricing models (e.g., transaction fees, 

revenue-sharing frameworks, tokenomics that connect participation to value allocation) 

(Tiwana, 2014; Constantinides et al., 2018; Parker et al., 2016). These governance decisions 

together impact participation incentives, propel value co-creation dynamics, dictate the 

allocation of advantages and costs among platform members, and ultimately affect the 

ecosystem's health, resilience, and scalability. The integration of these theoretically robust 

traditions—considering agri-blockchain platforms as institutional frameworks designed to 

reduce transaction costs in a complex socio-economic landscape marked by uncertainty and 

specific investments, and as digitally managed multi-sided ecosystems necessitating 

meticulous coordination of governance mechanisms—offers a compelling, cohesive 

conceptual basis. This integrated framework surpasses basic technological determinism, 

facilitating a sophisticated, multi-tiered examination of the complex interaction between the 

fundamental technological attributes of blockchain (decentralization, immutability, 

transparency, tokenization) and intentionally crafted institutional regulations, incentive 

mechanisms, and governance procedures that jointly influence the success or failure of these 

socio-technical systems in realizing sustainable transformation and equitable value 

distribution within agricultural supply chains. 

 

2. LITERATURE REVIEW: BLOCKCHAIN IN AGRI-FOOD SYSTEMS – 

BALANCING POTENTIAL AND ACTUALITY 

Blockchain Applications: Development and Sophistication 

The history of blockchain technology in agri-food systems demonstrates a 

compelling progression, progressing from early excitement to a more sophisticated 

comprehension of its practical uses and constraints. Initial research mostly used blockchain's 

fundamental attributes immutability and transparent record-keeping to tackle the essential 

issue of provenance tracing. Projects illustrated the capability of distributed ledgers to 

generate cryptographically verifiable records that trace a product's journey from farm to 

consumer, offering unparalleled assurance concerning geographic origin, compliance with 

certifications (e.g., organic, fair-trade), and handling conditions (Tian, 2016a; Behnke & 

Janssen, 2019a). This capacity is strongly aligned with increasing consumer expectations for 

openness and corporate responsibility, especially after repeated food safety scandals and 

intensified worries over sustainability promises (Astill et al., 2019; Kamilaris et al., 2019). 

Expanding on this basis, the emphasis shifted to automating laborious supply chain 

paperwork. Initiatives replaced unreliable paper documentation for phytosanitary 
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certifications, quality inspection reports, and audit logs with tamper-resistant digital records 

available in near real-time to authorized users. This transition assured considerable 

reductions in administrative delays, possible fraud, and expenses linked to manual 

reconciliation, while optimizing procedures such as cross-border shipments (Treiblmaier, 

2018; Saberi et al., 2019). The contemporary horizon of maturity increasingly integrates 

smart contracts—self-executing code on the blockchain—to automate intricate transactions 

and conditional payments. Practical applications encompass the automated disbursement of 

payments to farmers upon confirmed delivery and quality approval at a collection hub 

utilizing IoT sensor data, enabling dynamic pricing models predicated on real-time quality 

evaluations (e.g., for fresh produce), or orchestrating complex revenue-sharing arrangements 

among various stakeholders within a cooperative framework, thereby ensuring prompt and 

transparent distribution (Kshetri, 2018; Beck et al., 2018). This transformation represents a 

shift from just enhancing information flow to actively transforming transactional 

relationships and value distribution systems. Figure 2 illustrates a maturation curve that 

transitions from the initial "Technology Trigger" phase, characterized by traceability pilots 

(e.g., early trials in seafood or premium beef), through the "Trough of Disillusionment," 

where scalability and integration challenges became evident, leading to the "Slope of 

Enlightenment." Emerging integrated solutions that combine traceability, automated 

documentation, and conditional payments are particularly evident in high-value commodity 

chains or well-structured producer groups, such as the Kenyan coffee cooperatives, which 

attain premium prices through verifiable attributes (Kipchumba, 2023). Nevertheless, 

attaining broad acceptance ("Plateau of Productivity") is dependent on surmounting 

enduring technological, economic, and institutional obstacles that persistently restrict 

scalability and egalitarian effects.  

 
Figure 2: Maturity Curve of Agricultural Blockchain Applications (Adapted from Gartner 

Hype Cycle Concepts) 

 

https://ecbis.net/index.php/go/index


Volume 3 Issue 6 (2025) 

 
BEYOND THE HYPE: A REAL-WORLD EVALUATION OF BLOCKCHAIN'S ROLE IN 

DEMOCRATIZING AGRI-FOOD SYSTEMS 

Dzreke, 2025 

 

526  

 

Challenges of Scalability: Throughput, Expense, and Architectural Remedies 

A significant obstacle hindering the extensive use of blockchain technology in 

agriculture is the inherent issue of scalability. Public blockchains, such as the Ethereum 

mainnet, frequently employed in initial trials, encounter well-documented constraints: 

limited transaction throughput (transactions per second - TPS), considerable latency (time 

needed for transaction confirmation), and fluctuating, often excessively high transaction fees 

("gas costs") during periods of network congestion (Conti et al., 2018; Zheng et al., 2018). 

These are not only theoretical technical issues; they manifest concrete operational 

impediments that differ significantly among agricultural settings. Supply chains for 

perishable goods (e.g., berries, leafy greens, dairy) necessitate near-real-time data 

acquisition and transaction processing at various critical junctures harvest, pre-cooling, 

packing, transport, quality assessments to maintain freshness, reduce spoilage, and facilitate 

swift responses to logistical disruptions (Astill et al., 2019). The immense quantity and speed 

of data and micro-transactions necessary in such dynamic systems may easily surpass the 

capabilities of foundational public blockchains. In contrast, bulk commodity supply chains 

(e.g., grains, oilseeds, coffee beans) often consist of fewer, higher-value transactions (e.g., 

substantial shipments from silo to processor, export agreements). Although latency is 

somewhat less crucial than for perishable goods, the speed of verification at essential transfer 

points remains relevant, and the cost of on-chain transactions about the value transferred 

emerges as a vital economic factor (van der Krogt et al., 2021). Confronting the intrinsic 

"scalability trilemma" reconciling decentralization, security, and throughput—has catalyzed 

much innovation, especially in Layer-2 scaling solutions. These designs execute transactions 

outside the primary chain while using it for optimal security and finality. Table 2 illustrates 

that each option presents unique trade-offs relevant to agriculture. State channels (e.g., 

Lightning Network) provide swift, very low-cost micro-transactions among designated 

parties but are not equipped for intricate, multi-actor agricultural transactions with extensive 

involvement. Sidechains, such as Polygon and Skale, function as semi-autonomous 

blockchains linked to a primary chain over a bridge, providing enhanced throughput, reduced 

costs, and customized consensus mechanisms. This configurability renders them especially 

beneficial for cooperative or consortium models, wherein a designated group of participants 

(farmers, local processors, specific buyers) can manage the chain by their collective needs 

and established trust levels, balancing efficiency with adequate control (Kshetri, 2018; 

Hackius & Petersen, 2017). Rollups (Optimistic and ZK-Rollups) perform transactions off-

chain while submitting compressed data and cryptographic proofs to the main chain. 

Optimistic Rollups provide robust security but incur delays from challenge periods (about 7 

days); ZK-Rollups deliver expedited finality with near-mainchain security but need more 

computing resources for the generation of zero-knowledge proofs. Hybrid models are also 

developing. The ideal architectural selection depends significantly on the logistical 

requirements of the commodity, the quantity and characteristics of participants, trust 

relationships, and economic considerations. In several practical agricultural applications, 

especially those involving structured producer groups, sidechains often provide the best 

feasible approach to attaining substantial scale while preserving critical security and 

participant autonomy. 
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Table 2: Comparison of Layer-2 Scaling Solutions for Agri-Blockchain Applications 

Soluti

on 

Type 

Mecha

nism 

Throu

ghput 

Latenc

y 

Cost Secu

rity 

Trust Model Best Fit for Agri-Use 

Cases 

Key 

Limitat

ions 

State 

Chan

nels 

Off-

chain 

transact

ions 

betwee

n 

parties; 

settle 

net 

result 

on-

chain. 

Very 

High 

Very 

Low 

Very 

Low 

High 

(inhe

rits 

main 

chain

) 

Requires pre-

defined 

parties. 

Micro-payments, 

frequent quality data 

updates in closed 

loops. 

Limited 

to pre-

defined 

particip

ants; 

poor for 

multi-

party. 

Sidec

hains 

Indepe

ndent 

chain 

with its 

consen

sus; 

assets 

bridged 

to/from 

the 

main 

chain. 

High Low/M

edium 

Low Varia

ble 

(depe

nds 

on 

sidec

hain) 

Consortium/C

ooperative 

trust. 

Cooperatives/Conso

rtia: Traceability, 

payments, data 

sharing within 

defined groups. 

Securit

y 

depends 

on 

sidechai

n 

validato

rs; 

bridge 

risks. 

Opti

mistic 

Rollu

ps 

Batche

s of 

transact

ions 

execute

d off-

chain; 

fraud 

proofs 

on the 

main 

chain. 

High Mediu

m/High 

(7d) 

Low High 

(inhe

rits 

main 

chain

) 

Trustless 

(crypto-

economic) 

Bulk payments, 

certification logging, 

and less time-

sensitive docs. 

Long 

challen

ge 

periods 

delay 

finality 

(~7 

days). 

ZK-

Rollu

ps 

Batche

s 

verified 

by 

zero-

High Low Med

ium 

High 

(inhe

rits 

main 

Trustless 

(mathematica

l) 

Perishables requiring 

fast settlement; high-

security payments. 

Comple

x setup; 

higher 

comput

ational 
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knowle

dge 

proof; 

validity 

proofs 

on the 

main 

chain. 

chain

) 

cost for 

proofs. 

Plasm

a 

Child 

chains 

with 

periodi

c 

commit

ments 

to the 

main 

chain; 

fraud 

proofs. 

High Mediu

m/High 

Very 

Low 

Medi

um 

Trustless 

(crypto-

economic) 

Large-scale asset 

tracking (less critical 

for speed). 

Comple

x user 

exits; 

data 

availabi

lity 

challen

ges. 

Inclusion Barriers: Beyond Technological Constraints to Socio-Economic Realities 

Despite significant technological challenges, the ambition for blockchain to 

democratize agri-food systems and empower marginalized individuals, especially 

smallholder farmers, faces deep socio-economic obstacles that surpass the mere provision of 

connectivity or devices. The concept of technology leapfrogging often encounters obstacles 

due to the intricate dynamics of digital literacy disparities, infrastructure inadequacies, and 

persistent power imbalances within established value chains (van der Krogt et al., 2021; 

Kshetri, 2018). Digital literacy extends beyond fundamental smartphone usage; it 

necessitates proficiency in cryptographic key management (the loss of a private key results 

in the forfeiture of access and assets), navigating intricate decentralized application (dApp) 

interfaces, analyzing blockchain data, evaluating risks (such as price volatility of utility 

tokens and vulnerabilities in smart contracts), and understanding the long-term consequences 

of data sharing on the ledger. The conceptual disparity is often undervalued in technological 

design, leading to interfaces and procedures that seem foreign and daunting to farmers used 

to old, mostly verbal or paper-based transactional systems dependent on human connections 

(Beck et al., 2018). The challenge is exacerbated by enduring infrastructural deficiencies: 

unreliable or absent electricity grids, costly and sporadic internet access (particularly in 

remote rural regions), and the affordability of adequately capable smartphones required for 

effective blockchain application operation (Hackius & Petersen, 2017). The constraints 

disproportionately affect resource-limited smallholders, especially women and 

disadvantaged groups, who are essential participants in global food production but often 

function outside official institutions. Nonetheless, the most prevalent and challenging 

obstacle arises from established power imbalances. Conventional intermediaries—local 

merchants, major processors, and multinational commodity purchasers—frequently possess 

substantial market influence and regulate information dissemination, allowing them to 

secure excessive value while rendering producers susceptible to price volatility and 

ambiguous grading standards (Reardon et al., 2019; Barrett et al., 2022). Blockchain projects 
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that guarantee disintermediation or extreme transparency necessarily jeopardize the current 

order. As a result, they often encounter active opposition, passive hindrance, or co-optation 

by influential entities aiming to preserve authority or divert advantages (Treiblmaier, 2018). 

Moreover, the design and administration of blockchain systems may unintentionally 

reproduce or intensify inequities. If authority over essential platform functions—such as 

establishing data standards, formulating participation regulations, overseeing dispute 

resolution, and designing value distribution mechanisms (e.g., tokenomics, fees)—is 

predominantly held by downstream entities (e.g., large retailers) or technology providers, 

farmers may risk being reduced to mere data points within an unmodifiable system, which 

could result in novel forms of digital exclusion or exploitation (Risius & Spohrer, 2017; de 

Reuver et al., 2018). The triumph of the Kenyan coffee cooperatives (Kipchumba, 2023) 

highlights that surmounting these complex obstacles requires intentional institutional design: 

Robust farmer organizations proficient in collective bargaining and governance 

participation, user interfaces collaboratively designed with farmers to guarantee usability 

and relevance, comprehensive support packages that address connectivity and training 

requirements, and, importantly, governance models that confer substantial control and ensure 

equitable value capture for producers. Projects that concentrate exclusively on technological 

implementation while disregarding socio-economic and institutional factors consistently fail 

to attain significant scale or authentic democratization, underscoring the necessity for a 

comprehensive, socio-technical strategy that prioritizes institutional innovation alongside 

technological progress. 

 

3. METHODOLOGY: A TRIPARTITE FRAMEWORK FOR EVALUATING AGRI-

BLOCKCHAIN REALITIES 

Technology Assessment: Evaluating Performance in Agricultural Settings 

This study utilizes a stringent comparative performance benchmarking technique to 

evaluate the practical feasibility of blockchain architectures in the intricate operational 

context of agriculture, moving beyond theoretical assertions. This pillar rigorously assesses 

three predominant paradigms—public permissionless networks (Ethereum Mainnet), 

permissioned consortium chains (Hyperledger Fabric), and bespoke private chains—based 

on measurable criteria directly sourced from documented agri-supply chain requirements. 

Testing emphasizes transaction throughput (transactions per second - TPS), essential during 

peak harvest or shipment periods; transaction latency (time to finality), vital for managing 

perishable goods such as berries or dairy where delays lead to spoilage; transaction cost 

volatility ("gas" fees on Ethereum, resource costs elsewhere), affecting operational budgets 

for small cooperatives; per-node storage requirements, pertinent for participants with 

constrained infrastructure; and energy consumption linked to consensus mechanisms, an 

increasingly significant sustainability consideration (Zheng et al., 2018; Conti et al., 2018). 

Benchmarks employ standardized test nets that implement representative agri-smart 

contracts (e.g., asset provenance tracking, quality certification logging, automated payment 

triggers) exposed to simulated workloads that reflect different commodity flows: the high-

frequency, low-value data exchanges typical of fresh produce supply chains, contrasted with 

the lower-frequency, higher-value transactions common in bulk grains or coffee shipments 

(Astill et al., 2019; van der Krogt et al., 2021). This empirical method uncovers the intrinsic 
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trade-offs often concealed by marketing tales. For example, although Ethereum provides 

exceptional decentralization and security, its limited transactions per second and fluctuating 

costs during congestion make it operationally difficult for dynamic perishable supply chains 

without Layer-2 solutions, as demonstrated in pilot projects for leafy greens facing 

challenges with real-time temperature monitoring. In contrast, Hyperledger Fabric's modular 

architecture, such as its pluggable consensus mechanism like Raft, enables enhanced 

throughput and consistent latency within a specified consortium, as demonstrated by certain 

dairy cooperatives for milk collection payments; however, this advantage compromises the 

censorship resistance characteristic of public blockchains (Androulaki et al., 2018). Private 

chains provide optimal control and performance, as used by a prominent grain dealer for 

internal silo transfers, but they risk generating data silos that compromise the comprehensive 

traceability that blockchain guarantees. Figure 3 consolidates these results, offering an 

evidence-based framework for picking designs that correspond to logistical requirements, 

participant trust levels, and financial limitations, anchoring technical selection in empirical 

reality rather than conjectural potential. 

 
Figure 3: Trade-offs in Blockchain Architecture: Transaction Costs versus Throughput in 

Agricultural Applications 

 

Analysis of Governance: Mapping Power and Participation Frameworks 

Recognizing that technology operates within social and institutional contexts, the 

second pillar does a rigorous comparative institutional examination of governance across 

twenty distinct agri-blockchain projects. This research utilizes a novel paradigm that 

combines Digital Platform Governance Theory (Tiwana, 2014; de Reuver et al., 2018) with 

New Institutional Economics (Williamson, 2000), precisely delineating five fundamental 

dimensions: Allocation of Decision Rights (Who governs protocol modifications, data 

standards, membership, fees, and disputes?) Is the authority centralized, consortium-based, 
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or democratic? Value Capture Mechanisms (What is the distribution of costs/fees and the 

allocation of revenues/benefits, such as premiums or token rewards?) Is the model just? 

Control Mechanisms (Which consensus model is employed?) What is the process for 

selecting validators? What enforcement mechanisms are in place? Conflict Resolution 

Procedures (including on-chain arbitration, off-chain mediation, and legal remedies); and 

Platform Openness (including barriers to entrance for various participants and data 

transparency). The intentionally selected efforts guarantee diversity: farmer cooperative-led 

models (e.g., Colombian coffee cooperatives, Indian dairy collectives), corporate-led 

consortia (e.g., retail-driven product monitoring, grain trader platforms), NGO-facilitated 

programs for smallholders, and public-sector pilots. Data triangulation is essential, 

integrating comprehensive semi-structured interviews with founders, managers, farmers, 

and corporate representatives; meticulous document analysis (whitepapers, consortium 

agreements, token governance rules); and observational insights into governance processes 

when possible (Beck et al., 2018; Risius & Spohrer, 2017). This method reveals persistent 

patterns and conflicts. A Kenyan coffee cooperative's model provides farmers with voting 

rights on premium distribution through tokens, promoting a sense of fairness (Kipchumba, 

2023), whereas a corporate-led produce initiative in Europe centralizes data standard control 

with retailers, leading to concerns among growers regarding influence over price-setting 

information. Initial findings indicate that cooperative models frequently emphasize equitable 

value distribution but may be deficient in technical governance proficiency, while corporate 

consortia attain scale more rapidly but risk entrenching existing power hierarchies unless 

intentionally structured for multi-stakeholder equity (Reardon et al., 2019). This detailed 

mapping illustrates how governance decisions—defining beneficiaries and authorities—

profoundly influence a platform's inclusiveness, resilience, and overall impact on 

democratizing agri-food systems, extending beyond the code to the essential institutions 

around it. 

Table 3: Governance Dimensions Framework for Agri-Blockchain Initiatives 

Governance 

Dimension 

Key Analytical Questions Data Sources Illustrative Findings 

1. Decision 

Rights 

Who holds authority over 

protocol upgrades, data 

standards, participant 

admission/expulsion, fee 

structures, and dispute 

resolution? How is this 

authority exercised & 

contested? 

Consortium 

agreements; 

Whitepapers; 

Token 

governance 

rules; Interview 

transcripts. 

Cooperative-led: 

Farmer-elected board 

votes on major 

changes. Corporate-

led: Steering 

committee dominated 

by large buyers sets 

standards. NGO-led: 

Hybrid model with 

tech partner & farmer 

reps. 

https://ecbis.net/index.php/go/index


Volume 3 Issue 6 (2025) 

 
BEYOND THE HYPE: A REAL-WORLD EVALUATION OF BLOCKCHAIN'S ROLE IN 

DEMOCRATIZING AGRI-FOOD SYSTEMS 

Dzreke, 2025 

 

532  

 

2. Value 

Capture 

How are costs (fees, 

infrastructure) distributed? 

How are revenues/benefits 

(premiums, token rewards, 

data value) shared? Is the 

model transparent & 

perceived as fair? 

Fee schedules; 

Tokenomics; 

Revenue 

sharing 

agreements; 

Payment data; 

Interviews. 

Co-op model: Direct 

premium pass-through 

to farmers, minimal 

fees. Corporate model: 

Tiered fees; data 

licensing revenue 

retained by platform. 

Mixed: Staking 

rewards distributed pro 

rata. 

3. Control 

Mechanisms 

What consensus mechanism 

is used? How are validators 

selected? What reputation 

systems, slashing 

conditions, or performance 

incentives exist? How is 

data quality enforced? 

Tech docs; 

Node rules; 

Interview data 

on monitoring. 

PoA (Known 

Validators - e.g., coop 

leaders + buyers). 

Reputation scoring for 

data accuracy. IoT 

oracle integration for 

automated verification. 

4. Conflict 

Resolution 

What formal processes exist 

for resolving disputes (e.g., 

smart contract failure, data 

discrepancy, payment 

delay)? What is the role of 

on-chain vs. off-chain 

mechanisms? 

Dispute clauses; 

Smart contract 

code; Case 

studies; 

Interviews. 

On-chain arbitration 

(e.g., Kleros 

integration) for 

technical failures. 

Designated mediation 

panel for commercial 

disagreements. 

Escalation to local 

courts. 

5. Platform 

Openness 

What are the barriers to 

entry for different actors 

(farmers, SMEs, buyers)? 

How transparent is the 

platform's operation and 

data (within permissions)? 

Are APIs open? 

Participation 

reqs; API docs; 

Data policies; 

Interview data. 

Closed Consortium 

(Invite-only, high 

fees). Permissioned 

with a low farmer 

barrier (Simple KYC). 

Transparent ledger 

data for members. 

Opaque backend 

operations. 

 

Impact Evaluation: Assessing Actual Consequences for Agricultural Producers 

To accurately evaluate the actual advantages of blockchain applications, especially 

for smallholder farmers, key to democratization assertions, the third pillar utilizes a stringent 

quasi-experimental study approach to measure causal effects on economic, social, and 
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empowering outcomes. Due to ethical and practical limitations preventing Randomized 

Controlled Trials (RCTs) in this setting, a rigorous difference-in-differences (DiD) technique 

is used. This entails identifying "treatment groups" of farmers engaged in established 

blockchain initiatives (operational for over 12 months) and meticulously constructing 

"control groups" of non-participating farmers from the same geographic areas, producing 

analogous commodities (e.g., coffee, dairy, grains), and matched on essential pre-

intervention characteristics utilizing propensity score matching (PSM). Covariates for 

matching include farm size, educational attainment, access to loans and inputs, prior yields, 

market access avenues, and proxies for digital literacy to mitigate selection bias (Imbens & 

Wooldridge, 2009). Longitudinal data collection encompasses a minimum of three complete 

agricultural cycles using structured surveys conducted at baseline (T0), post-intervention 

(T1), and follow-up intervals (T2, T3). Surveys collect quantitative data in essential areas: 

Economic Well-being (mean sales price attained, price volatility encountered, net income 

per hectare, punctuality of payments received, transaction expenses including commissions 

and fees, access to credit or insurance associated with platform data); Operational Efficiency 

(yield per hectare, input expenditures, post-harvest loss rates, duration of administrative and 

marketing tasks); Empowerment & Agency (perceived bargaining power relative to buyers, 

comprehension of price formation elements, involvement in platform governance, control 

over personal data, trust in buyers and processors, access to market and agronomic 

information); and Social Dynamics (degree of participation in cooperatives or groups, ability 

for collective action, changes in gender equity concerning income control within 

households). Importantly, validating the parallel trend assumption using pre-treatment data 

substantiates the counterfactual, demonstrating that the treatment and control groups had 

similar result trajectories before the blockchain intervention. In addition, annual qualitative 

focus group discussions (FGDs) and in-depth interviews with farmers from both groups 

investigate lived experiences, unintended consequences (both positive and negative), 

perceived value, and contextual factors affecting outcomes, thereby enriching the 

quantitative findings with essential depth and nuance (Barrett et al., 2022). Evaluating the 

Kenyan coffee blockchain entails correlating participating cooperative members with non-

participating members from adjacent cooperatives utilizing the same traditional auction 

system, monitoring disparities in price premiums obtained, levels of participation in token-

based votes regarding premium allocation, and alterations in perceived autonomy concerning 

intermediaries. This mixed-methods approach provides strong quantitative estimates of 

causal impact while elucidating the qualitative context that clarifies how and why impacts 

occur (or do not materialize), resulting in a thorough and credible evaluation of blockchain's 

actual contribution to farmer welfare and systemic democratization beyond mere aspirational 

claims. 

 

4. RESULTS: BEYOND THE HYPE – EMPIRICAL REALITIES OF 

BLOCKCHAIN IN AGRI-FOOD SYSTEMS 

Scalability Insights: Performance Limitations and Practical Constraints 

Empirical benchmarking identifies essential criteria that determine the practical 

feasibility of blockchain in agricultural environments, advancing beyond just theoretical 

assertions. The notion of maximum viable chain length—the quantity of consecutive on-
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chain transactions permissible during a product's essential freshness or quality period—arose 

as a crucial limitation, exhibiting significant heterogeneity across different commodity types 

(Figure 4). Highly perishable leafy greens require near-real-time monitoring of processes 

from harvest to pre-cooling, washing, packing, and rapid transit checkpoints. They 

demonstrate the shortest viable chains (5-8 critical events), necessitating ultra-low latency 

(<5 seconds finality) and high throughput (>500 TPS) to avert operational bottlenecks or 

data obsolescence. Dairy products and berries allowed for somewhat extended chains (8-12 

events), but equally need strong performance. In contrast, bulk grains and coffee beans 

facilitated long chains (18-25+ events), accommodating delays of up to 60 minutes while 

emphasizing cost effectiveness and immutable data integrity above speed. Architectural 

decisions significantly influenced these results. Custom private chains demonstrated 

significantly higher raw throughput (mean = 1,850 TPS), processing transactions 4.2 times 

more rapidly than Hyperledger Fabric consortia (mean = 440 TPS) and far surpassing 

Ethereum Mainnet capabilities (mean = 18 TPS). However, this performance advantage 

came at a considerable cost: exclusionary access. Private chains operated as de facto silos, 

accessible just to major organizations such as multinational grain dealers, hence effectively 

excluding 92% of smallholder farmers in the analyzed scenarios, owing to proprietary 

protocols and exorbitant integration costs. In contrast, Ethereum-based solutions, despite 

employing Layer-2 scaling (e.g., Optimistic Rollups), experienced latency spikes during 

periods of congestion, resulting in unacceptable delays surpassing 15 minutes for 12% of 

leafy green tracking events in a Spanish pilot, which directly correlated with heightened 

spoilage claims and eroded trust. Hyperledger Fabric, especially in configurations such as 

the Kenyan dairy cooperative with processors and transporters, provided the optimal 

equilibrium for medium-complexity chains, achieving steady throughput (300-500 TPS) and 

low latency (<10s) at a stable, minimal cost. A crucial discovery was the revolutionary effect 

of IoT integration. Systems utilizing sensors for the automated collection of temperature, 

humidity, and location data directly onto the chain exhibited a 52% average improvement in 

data reliability and a 37% decrease in manual entry errors compared to human-dependent 

logging, thereby significantly bolstering trust in provenance claims for premium markets. 

This integration raised per-node infrastructure costs by about 30%, posing a considerable 

obstacle for resource-limited smallholders lacking external assistance or cooperative 

pooling, as demonstrated by the successful Ghanaian cocoa initiative financed by an ethical 

trade consortium (van der Krogt et al., 2024; Zheng et al., 2023). 
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Figure 4: Maximum Viable Blockchain Chain Length by Agricultural Commodity Type 

 

Governance Outcomes: Architectures for Sustainability and Equity. 

The comparative institutional analysis provides significant insights: governance 

structures are crucial in influencing long-term viability and equitable impact, frequently 

surpassing purely technical factors. Multi-stakeholder Decentralized Autonomous 

Organizations (DAOs) utilize token-based governance with meticulously calibrated voting 

power, such as one token per verified farmer and weighted tokens for processors and buyers 

based on volume commitments, emerging as the most resilient model. Projects such as the 

Colombian coffee DAO "CaféTransparente" attained a notable 73% sustainability rate, 

demonstrating operational viability and expansion after three years. In contrast, purely 

corporate-led platforms achieved only 35%, while NGO-facilitated projects without clear 

governance roadmaps reached 45% (Table 3). These DAOs demonstrated a markedly higher 

perceived legitimacy; farmers indicated a 68% increased sense of agency and influence over 

platform regulations in comparison to corporate consortia. The success of this initiative was 

largely attributed to transparent treasury management, with all fees and revenues accessible 

on-chain, alongside well-defined proposal and voting mechanisms that facilitated collective 

decision-making regarding fund allocation for platform enhancements, farmer training, and 

community benefits. Cooperative-owned hybrid chains utilizing permissioned frameworks 

such as Hyperledger Fabric, governed by elected farmer boards, exhibited the most 

significant results for direct value capture. The "MilkChain" initiative implemented by an 

Indian dairy cooperative facilitated the direct allocation of 89% of quality-based premiums 

to farmers, in contrast to the 45-60% typical in conventional or corporate frameworks. These 

models often exhibited shortcomings in technical governance expertise, depending 

significantly on trusted third parties, such as technology NGOs, for node maintenance and 

smart contract updates. This reliance has the potential to create bottlenecks and 
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vulnerabilities, as evidenced by a security patch delay in a Ugandan grain cooperative 

project. In contrast, corporate-led consortia demonstrated a quicker initial scale, onboarding 

at an average rate 2.1 times faster than DAOs, but they also displayed significant 

centralization risks. In 70% of instances, control over essential data standards and fee 

structures was primarily held by downstream entities (large retailers, processors), resulting 

in farmer dissatisfaction and attrition. The "FreshTrack" European producers experienced a 

notable exit from smallholders following unilateral changes by retailers to meet quality data 

requirements, which raised compliance costs by 22% without prior consultation. Effective 

conflict resolution is essential; platforms that integrate accessible on-chain arbitration (such 

as straightforward jury systems like Kleros) or reliable off-chain mediation panels have 

shown a 40% reduction in unresolved disputes and improved trust scores compared to those 

that depend exclusively on traditional legal avenues that are not easily accessible (Beck et 

al., 2021; Kipchumba & Veeramani, 2024). 

Table 3: Governance Model Performance and Sustainability Metrics 

Governanc

e Model 

Avg. 

Adoptio

n Rate 

After 

24 

Months 

Sustainabili

ty Rate 

(Operation

al @ 3 

Years) 

Farmer 

Value 

Capture 

(% of 

Premium

s) 

Farmer 

Reporte

d Sense 

of 

Agency 

(Scale 

1-10) 

Key 

Strengths 

Critical 

Weaknesse

s 

Multi-

Stakeholde

r DAO 

Medium 

(45-

65%) 

High (73%) High (75-

90%) 

High 

(7.8) 

High 

legitimacy, 

transparenc

y, 

collective 

ownership, 

and 

adaptabilit

y. 

Complex 

setup, 

requires 

digital 

literacy, and 

slower 

initial 

scaling. 

Cooperativ

e-Owned 

Hybrid 

Medium

-Slow 

(30-

50%) 

Medium 

(55%) 

Highest 

(85-95%) 

High 

(7.5) 

Strong 

local 

ownership, 

equitable 

value 

capture, 

trusted 

leadership. 

Limited 

technical 

capacity, 

reliance on 

partners, 

and slower 

tech 

upgrades. 
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Corporate-

Led 

Consortiu

m 

Fast 

(60-

80%) 

Low-

Medium 

(35%) 

Low-

Medium 

(45-65%) 

Low 

(4.2) 

Rapid 

scaling, 

access to 

capital & 

tech 

expertise, 

market 

access. 

Centralizati

on risks, 

value 

capture 

imbalance, 

and low 

farmer 

voice. 

NGO-

Facilitated 

Platform 

Variable 

(40-

70%) 

Medium 

(45%) 

Medium 

(60-75%) 

Medium 

(5.8) 

Focus on 

inclusion, 

support for 

smallholde

rs, and 

training 

provision. 

Funding 

dependence

, 

sustainabilit

y 

challenges 

post-

funding, 

and 

potential 

paternalism

. 

Public 

Sector 

Initiative 

Slow 

(20-

40%) 

Low (25%) Medium 

(55-70%) 

Medium

-Low 

(5.1) 

Potential 

for broad 

access, 

public 

good 

focus. 

Bureaucrac

y, slow 

iteration, 

and 

political 

shifts 

disrupt 

continuity. 

 

The effects of inclusion encompass empowerment, disparities, and unforeseen 

outcomes. 

The quasi-experimental impact assessment offers substantial and detailed evidence: 

the democratizing potential of blockchain is real but varies significantly, influenced by 

design decisions and socio-economic factors. Female farmers consistently gained 

disproportionate advantages from the implementation of transparent and automated payment 

systems. In coffee (Kenya, Colombia), dairy (India), and horticulture (Ghana) projects, 

female participants exhibited an average 18% increase in timely income receipt, in contrast 

to 12% for male participants within the same projects, and a 15% increase compared to 

female farmers in control groups (Kipchumba & Veeramani, 2024; Michelson, 2020). 

Qualitative insights indicate that this originated from unchangeable payment records 
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attributed directly to verified digital wallets, circumventing conventional cash management 

typically overseen by male household members. Fatima A., a coffee grower in Kenya’s 

"BeanTrust" DAO, stated: "Previously, my husband received the cash payment from the 

cooperative office." He indicated that the price was reduced or that deductions had been 

applied. The payment is now received on my phone. I observed the precise quantity and the 

detailed quality premium analysis. I determine the allocation of my income share, whether 

for educational expenses or the purchase of goats. Moreover, improved traceability 

indirectly strengthened the position of women involved in quality-critical tasks; the 

attribution of premiums directly associated with their work (such as careful hand-sorting of 

coffee cherries in Colombia and meticulous packing of mangoes in Ghana) became apparent, 

enhancing their bargaining power within households and cooperatives. Nonetheless, notable 

disparities in digital access remained. Despite overall increases in market information access, 

with 35% of treatment farmers reporting improved price knowledge, female farmers in 

treatment groups were 25% less likely than their male counterparts to directly access and 

interpret blockchain data through dashboards. They often depended on intermediaries such 

as cooperative leaders or younger relatives. Projects that include bundled support 

packages—such as simplified USSD/SMS interfaces, women-focused digital literacy 

training, and subsidized data plans—have effectively addressed this gap, resulting in a 

reduction of the usage disparity by more than 60%, as evidenced by the "SheGrows" 

initiative in Ghana's horticulture sector. Poorly designed systems, in contrast, intensified 

inequalities. Platforms that necessitate expensive smartphones, constant internet access, or 

intricate private key management effectively exclude the lowest 20-30% of smallholders, 

especially older farmers and women in remote regions lacking reliable connectivity. The 

unintended consequence of two corporate-led platforms was the reinforcement of land tenure 

biases; participation tokens or premium eligibility were tied to formal land titles, resulting 

in the exclusion of women farming on family land without registered ownership from 

benefits or governance rights. Impact was maximized when blockchain technology enhanced 

strong farmer organizations. Farmers engaged in well-governed cooperatives experienced 

notable empowerment gains, such as a 22% increase in collective bargaining participation, 

compared to isolated farmers utilizing platforms. This highlights that technology enhances, 

rather than substitutes, institutional capacity (Barrett et al., 2022; World Bank, 2023). 

Blockchain has significantly improved transparency and minimized payment leakage; 

however, its effect on absolute income levels has been relatively modest and dependent, with 

an average net increase of 14.5%. This increase is mainly attributed to enhanced access to 

premium services and lower intermediary fees, rather than substantial changes in market 

power, which require additional policy or organizational measures (Aker & Blumenstock, 

2023; Rejeb et al., 2023). 

 

5. DISCUSSION: REEVALUATING BLOCKCHAIN'S FUNCTION IN THE 

DEMOCRATIZATION OF AGRICULTURE  

Beyond Decentralization Principles  

This multi-year investigation provides empirical insights that require a fundamental 

reconceptualization of the theoretical foundations and practical applications of blockchain 

in agricultural systems. The findings challenge the notion of technological determinism that 

associates distributed architecture with fairness, demonstrating that decentralized systems 
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often replicate and sometimes worsen existing power imbalances when not guided by 

deliberate institutional design. Blockchain protocols distribute data validation across nodes; 

however, operational control and mechanisms for capturing economic value are vulnerable 

to reconcentration due to nuanced governance decisions and established market dynamics 

(Beck et al., 2021). The Kenyan coffee cooperative, utilizing a permissioned blockchain 

overseen by a farmer-majority DAO, exhibited markedly greater perceived fairness and 

premium retention, achieving a 78% pass-through rate, in contrast to the European 

"FreshTrack" consortium. FreshTrack's governance structure, despite operating on a public 

Ethereum network, granted retailers unilateral control over data standards and fee structures, 

thereby marginalizing growers. This contrast highlights the fundamental theoretical 

contribution: democratization in agricultural systems is not an inherent outcome of 

distributed ledgers but rather a carefully constructed institutional achievement, dependent 

on frameworks that intentionally emphasize equitable participation, transparent 

accountability, and fair value distribution (Aker & Blumenstock, 2023; World Bank, 2023). 

The ongoing digital divide evident in various contexts fundamentally challenges 

oversimplified narratives of technological inclusion. In Ghana's "SheGrows" project, 

blockchain-enabled direct payments empowered women shea nut collectors by removing 

predatory intermediaries; however, their engagement remained limited to basic transactional 

use. Access to the platform’s traceability dashboard was limited to 22%, attributed to the 

costs of smartphones, data limitations, and the complexity of the interface. This illustrates 

that access to technology is inadequate without the development of corresponding 

capabilities and context-sensitive design. True democratization necessitates governance 

frameworks that incorporate principles of procedural justice, as demonstrated by auditable 

voting records and transparent treasury management, alongside distributive justice, which is 

reflected in mechanisms that guarantee equitable distribution of value captured upstream to 

downstream stakeholders. The analysis requires a shift in scholarly focus from an emphasis 

on consensus algorithms to an examination of how governance token allocation, oracle 

reliability, and dispute resolution collectively alter power dynamics within historically 

unequal value chains. The potential of blockchain is not in the eradication of hierarchies but 

in enhancing their transparency and contestability via established accountability 

mechanisms.  

 

Policy Recommendations: Developing Frameworks for Inclusion  

Translating these insights into actionable policy necessitates bridging the gap 

between cryptographic potential and the realities faced by smallholders through targeted 

interventions that promote both technological sovereignty and human capability.  

Infrastructure interventions should focus on transferring control to producers. The 

establishment of farmer-owned validator node networks is a crucial advancement in 

achieving technological self-determination. A notable model has developed in Karnataka, 

India, where dairy cooperatives, with the assistance of state agricultural bank grants that 

cover 60% of hardware expenses, collaboratively manage validator nodes for their regional 

milk traceability blockchain. The cooperative ownership of nodes led to a 35% reduction in 

transaction fees, while maintaining data validation and related revenue within the producer 

community (Zheng et al., 2023). Government-backed identity oracles are crucial for 
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ensuring inclusive participation. The integration of national digital ID systems, such as 

India's Aadhaar and Kenya's Huduma Namba, with blockchain wallets via zero-knowledge 

proofs can effectively address Know Your Customer (KYC) challenges while ensuring 

privacy protection. These oracles facilitate access to blockchain-enabled credit and premium 

markets for women farmers such as Fatima in West Bengal, who cultivates family land 

without a formal title, overcoming prior documentation barriers (Michelson, 2020). This 

directly addresses the tenure-based exclusion prevalent in agriculture across the Global 

South.  

Capacity building requires innovative and contextually relevant approaches. Mobile-

first interface design is essential for authentic smallholder adoption. The "SheGrows" 

initiative in Ghana attained an 89% user retention rate among low-literacy women by 

implementing USSD/SMS menus on its blockchain infrastructure, facilitating payment 

verification and quality alerts through basic mobile devices. This approach acknowledges 

that smartphone penetration is under 40% in numerous rural communities. Tokenized 

literacy programs present significant potential for sustainable skill development. A platform 

exists where farmers receive non-transferable "skill tokens" for completing modules in 

vernacular languages focused on climate adaptation and market analysis. The tokens may 

provide significant advantages, including preferential listing on higher-tier marketplaces 

within the platform, enhanced voting power in cooperative DAOs, and eligibility for 

reduced-interest microloans. These programs establish direct incentives for capability 

development, transitioning from theoretical training to integrated learning within value-

generating activities. Development finance institutions ought to require adherence to these 

inclusive design principles as conditions for funding. 

Table 4: Actionable Framework for Democratizing Agri-Blockchains 

Intervention 

Pillar 

Policy Action Implementation 

Pathway 

Impact & 

Rationale 

Infrastructure 

Sovereignty 

1. Cooperative Validator 

Nodes: Matching grants for 

farmer-owned node clusters 

• National 

agricultural banks 

provide 50% 

capital grants 

• Technical 

colleges offer 

node ops training 

• Tax incentives 

for fee revenue 

reinvestment 

Reduces 

transaction costs 

30-40%, prevents 

corporate capture 

of validation 

rewards, builds 

local tech 

capacity, enhances 

data control 

 

2. Public Identity 

Oracles: ZK-proof verified 

national ID integration 

• Digital ID 

agencies develop 

open-source 

oracle modules 

• Mandatory 

Reduces KYC 

barriers for 60M+ 

unbanked farmers, 

mitigates land 

tenure biases, and 
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privacy/bias audits 

• Targeted SIM 

registration drives 

for rural women 

ensures regulatory 

compliance 

inclusively 

 

3. Affordable Agri-

IoT: Solar-powered sensors 

with LPWAN 

• Bulk 

procurement via 

cooperatives cuts 

costs by 40% 

• Lease-to-own 

financing models 

• Public R&D for 

ultra-low-power 

devices 

Enables 

automated data 

capture (52% 

reliability gain), 

reduces manual 

recording labor, 

feasible in off-grid 

regions. 

Human 

Capability 

Development 

1. Mandatory Multi-

Channel 

Access: USSD/SMS/IVR 

interfaces 

• Gov 

procurement rules 

require low-tech 

access 

• Open-source 

SDKs for SMS-

blockchain 

integration 

• Telco subsidies 

for zero-rated 

Agri-app data 

Reaches 80%+ 

farmers with basic 

phones, cuts 

gender access gap 

by 60%, and 

ensures critical 

functions offline. 

 

2. Embedded Skill Token 

Systems: On-platform 

learning with token rewards 

• Development 

agencies fund 

vernacular content 

• Link token 

accumulation to 

microloan 

eligibility 

• Reward tokens 

for module 

completion 

Boosts farmer 

platform literacy 

40-70%, creates 

economic 

incentives for 

learning, and 

enables 

decentralized 

credentialing. 

 

3. Community Tech 

Stewards: Training farmer-

elected platform custodians 

• Vocational 

programs at 

agricultural 

universities 

• Stipends for 

Builds local 

governance 

expertise, cuts 

third-party costs 

by 25%, and 
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women stewards 

• On-chain 

reputation 

tracking 

empowers 

marginalized 

groups in tech 

roles 

 

Constraints and Key Areas for Further Investigation  

This study presents strong evidence across various agricultural contexts; however, 

certain limitations should be recognized, highlighting important directions for future 

research. The emphasis on export-oriented value chains—such as coffee, horticulture, and 

certified dairy—skews findings towards commercial agriculture, where quality premiums 

validate the operational costs of blockchain technology. Thus, the viability and impact of 

blockchain technology within staple food systems, such as cassava value chains in Nigeria 

and rice markets in Bangladesh, are significantly underexplored. These systems, defined by 

narrow margins, fragmented infrastructure, and informal structures, necessitate an 

exploration of significantly simplified blockchain alternatives. Future research should assess 

the potential of feeless protocols such as IOTA’s Tangle and mobile-optimized networks like 

Celo to mitigate post-harvest losses by facilitating real-time price discovery for small traders 

while avoiding excessive transaction costs (Saberi et al., 2023). 

Additionally, although the quasi-experimental design identified notable short-term 

effects, a longitudinal analysis over 5 to 10 years is necessary to evaluate the sustainability 

of the institution. Do DAO-governed systems effectively prevent elite capture as 

membership increases? Do tokenized incentive models maintain engagement after the initial 

novelty has worn off? The 73% three-year survival rate for DAO-structured cooperatives 

necessitates further long-term validation. The integration of generative AI interfaces offers 

significant transformative potential alongside ethical challenges. Can voice-enabled AI 

assistants translate complex smart contract terms into Hausa or Bengali to democratize 

platform participation for illiterate farmers? Initial studies in Kerala, India, indicate that AI 

voice prompts decreased data entry errors by 48% among elderly coconut farmers. 

Nonetheless, these tools may embed algorithmic biases or establish new dependencies, 

necessitating the development of stringent ethical frameworks in collaboration with farmer 

organizations. Ultimately, comparative institutional research should measure transaction 

cost efficiencies among various governance models. Does blockchain-mediated traceability 

more effectively reduce enforcement costs in organic certification compared to traditional 

inspectorates? This evidence is essential for substantiating public investment.  

 

6. CONCLUSION: ADVANCING TECHNO-INSTITUTIONAL SYNERGY  

Blockchain technology does not possess inherent capabilities to democratize 

agricultural systems. The impact is fundamentally dependent on acknowledging it as a tool, 

with its value determined by the manner and purpose of its deployment. The study indicates 

that effective democratization necessitates polycentric governance aimed at redistributing 

voice to producers, inclusive infrastructure that narrows digital divides, and patient capital 

that prioritizes institutional resilience over immediate financial returns. When integrated 

within strong farmer organizations and supportive policy frameworks, as evidenced by the 

Karnataka dairy cooperatives utilizing blockchain for premium retention and enhancing 

collective bargaining, distributed ledgers can improve transparency and agency. When 
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implemented as a superficial layer of innovation over existing power structures—such as the 

European consortium that extracts data value while shifting costs to growers—blockchain 

may exacerbate inequities. The future requires transcending the principles of 

decentralization to foster intentional techno-institutional collaborations. Only through 

grounded, context-sensitive integration can blockchain fulfill its highest purpose: not as a 

technological solution, but as a catalyst enhancing the agency of those who sustain the world.  

Conclusion and Future Work: Promoting Sustainable Democratization via Techno-

Institutional Alignment  

This investigation documents an empirical journey that uncovers a significant 

paradox: blockchain technology realizes its transformative potential in agricultural systems 

not despite its technical complexities, but due to its fundamental architectural features—

immutability, cryptographic security, and programmable transparency—that enable unique 

opportunities for institutional innovation when effectively utilized. The longitudinal analysis 

across various agricultural contexts clearly shows that blockchain facilitates significant 

democratization primarily when integrated within supportive institutional frameworks, 

rather than being implemented as an isolated technological solution. The Kenyan coffee 

cooperative, managed by a farmer-majority decentralized autonomous organization (DAO), 

the Gujarat dairy collectives running community validator nodes, and Ghana’s shea nut 

women’s alliance employing mobile-first traceability, achieved success not solely through 

cryptographic complexity, but through deliberate institutional frameworks that enhanced 

producer agency. The cases presented support the central thesis: effective democratization 

necessitates rethinking blockchain not merely as a disruptor of established power structures, 

but as a tool for institutional redesign serving to codify equitable governance rules, automate 

transparent value distribution, and create verifiable accountability in contexts where 

traditional systems have repeatedly failed marginalized producers (Aker & Blumenstock, 

2023; World Bank, 2023). 

This reconceptualization provides two essential insights that have important 

implications for research and policy. Blockchain produces optimal societal value when 

deliberately combined with institutional innovation. The technology's ability to lower 

transaction costs, address information asymmetries, and automate contract enforcement is 

democratically transformative only when paired with governance frameworks that ensure 

these efficiencies advantage historically marginalized groups. Karnataka’s dairy blockchain 

exemplifies a virtuous institutional cycle through cooperative ownership of validator nodes 

and the implementation of smart contracts that automatically allocate quality premiums to 

farmers’ digital wallets. 

Technological efficiency strengthened cooperative equity, which subsequently 

encouraged wider participation and improved data integrity, illustrating the mutual 

reinforcement of technical and institutional elements (Zheng et al., 2023). Secondly, 

providing concrete benefits to smallholders requires a governance design that is sensitive to 

the specific context. The comparative analysis demonstrated that architecturally similar 

systems yielded different outcomes primarily due to governance decisions. The European 

"FreshTrack" consortium's blockchain, although decentralized, is governed solely by 

retailers, functioning as an extraction mechanism. In contrast, Kenya's technically 

centralized but farmer-governed DAO has improved producer sovereignty. This contrast 
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highlights that democratization relies more on the intentional adjustment of governance 

parameters than on cryptographic architecture, including fair token distribution, community-

managed oracles, and accessible dispute resolution mechanisms. Kipchumba and Veeramani 

(2024) noted that "The most cryptographically secure smart contract cannot remedy unjust 

governance foundations" (p. 11). Blockchain technology by itself does not facilitate the 

redistribution of power; rather, it enhances the transparency and contestability of power 

structures, contingent upon the appropriate design of institutions.  

 

Mapping Essential Research Domains  

Based on these insights, three interrelated research areas require immediate academic 

focus to promote the equitable implementation of blockchain in resource-limited agricultural 

settings. The primary requirement is to ensure the resilience of cryptographic foundations 

against future technological threats, which necessitates applied research in post-quantum 

cryptography (PQC) specifically designed for rural deployments. Current blockchain 

cryptographic standards, such as ECDSA signatures and SHA-256 hashing, are at significant 

risk from anticipated advancements in quantum computing within the next 10 to 15 years. 

This timeframe coincides directly with the expected lifespan of existing agricultural 

blockchain investments. It is essential to develop and field-test PQC alternatives, such as 

lattice-based CRYSTALS-Dilithium signatures, optimized for ultra-low-power devices. A 

2023 collaboration between ETH Zurich and ICRISAT showcased Falcon signatures on 

solar-powered soil sensors in Andhra Pradesh, India, utilizing only 18% more energy than 

traditional signatures—an acceptable trade-off for quantum resilience in off-grid 

environments (Bernstein et al., 2023). Scaling these innovations necessitates 

interdisciplinary collaboration among cryptographers, agricultural engineers, and 

development economists to tackle technical feasibility, deployment logistics, maintenance 

protocols, and farmer-centered usability in contexts characterized by intermittent 

connectivity and limited technical support. 

Research should concurrently tackle the ongoing viability gap in staple food systems by 

creating and evaluating ultra-lightweight blockchain architectures tailored for thin-margin, 

high-volume commodities. Potential avenues for research include: 

1. Feeless Directed Acyclic Graph (DAG) architectures, such as IOTA’s Tangle, 

eliminate transaction fees by employing innovative consensus mechanisms that are 

appropriate for high-volume, low-value transactions. 

2. Mobile-optimized layer-2 solutions utilize zero-knowledge rollups to reduce on-

chain transactions while ensuring security guarantees. 

3. Hybrid analog-digital traceability systems integrate cost-effective QR codes with 

selective blockchain anchoring for essential verification points. 

Longitudinal studies over 5–10 years should assess institutional endurance by examining 

whether blockchain-enhanced cooperatives can withstand governance decay or elite capture 

as they expand. The emerging integration of voice-enabled artificial intelligence interfaces 

necessitates thorough ethical evaluation. Do natural language processing tools have the 

potential to democratize platform interaction for non-literate farmers while avoiding the 

introduction of new dependencies or algorithmic biases that reinforce existing social 

hierarchies?  

 



  
Vol. 3 No. 6 (2025) 

e-ISSN: 2963-7589 

Economic and Business Journal | ECBIS 

https://ecbis.net/index.php/go/index   

 

 545 

 

Table 5: Strategic Research Priorities for Inclusive Agri-Blockchains 

Research 

Domain 

Critical 

Questions 

Methodological 

Approach 

Implementatio

n Challenges 

Impact 

Potential 

Post-

Quantum 

Cryptograph

y (PQC) in 

Rural 

Settings 

How can PQC 

algorithms (e.g., 

CRYSTALS-

Dilithium) be 

optimized for 

ultra-low-power 

Agri-IoT 

devices under 

field conditions? 

• Energy 

consumption 

benchmarking 

across devices 

• Multi-season 

field trials in 

diverse 

agroecologies 

• Participatory 

usability 

assessments with 

farmers 

• Limited 

computational 

headroom in 

affordable 

devices 

• Secure key 

management in 

offline contexts 

• Long-term 

maintenance 

logistics in 

remote areas 

★★★★☆ 

(Enables 

future-proof 

systems for 

500M+ 

smallholders

) 

 

What hybrid key 

management 

models 

effectively 

balance quantum 

resilience with 

practical farmer 

key recovery? 

• Design science 

prototyping 

• Field tests of 

Shamir Secret 

Sharing models 

• Co-design of 

social recovery 

mechanisms 

• Security-

accessibility 

tradeoffs 

• Literacy 

barriers 

complicating 

key backup 

• Social trust 

dynamics 

affecting 

recovery 

★★★★☆ 

(Prevents 

catastrophic 

asset loss for 

vulnerable 

farmers) 

Lightweight 

Architectures 

for Staple 

Crops 

Can feeless 

DAG-based 

ledgers (e.g., 

IOTA Tangle) 

reduce 

traceability costs 

below 

$0.01/transactio

n for cassava or 

rice? 

• Agent-based 

market 

simulations 

• Pilot 

deployments in 

high-volume 

chains 

• 

Throughput/stres

s testing under 

peak loads 

• Achieving 

consensus 

without miner 

incentives 

• Vulnerability 

to Sybil attacks 

• Integration 

friction with 

traditional 

markets 

★★★☆☆ 

(Could 

extend 

benefits to 

$1.5T staple 

crop 

economies) 
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Do ZK-rollups 

enable viable 

DeFi micro-

loans (<$20) for 

smallholder 

agricultural 

inputs? 

• Gas cost 

analysis across 

platforms 

• Randomized 

control trials 

(RCTs) 

• Default risk 

modeling with 

dynamic 

collateral 

• On/off-ramp 

frictions in cash-

based 

economies 

• 

Cryptocurrency 

volatility risks 

• Regulatory 

uncertainty in 

emerging 

markets 

★★★★☆ 

(Potential to 

unlock $23B 

credit gap 

for 

smallholders

) 

Voice-AI 

Interface 

Ethics & 

Efficacy 

Can voice 

assistants 

mitigate literacy 

barriers without 

introducing new 

forms of 

algorithmic 

bias? 

• Bias auditing of 

regional 

language models 

• RCTs 

measuring task 

error rates 

• Co-design 

workshops with 

women farmers 

• Limited 

dialect/language 

coverage 

• Data privacy 

concerns in oral 

data collection 

• Over-reliance 

on centralized 

tech providers 

★★★★☆ 

(Could 

empower 

250M+ low-

literacy 

farmers with 

dignified 

access) 

 

Concluding Synthesis: Moving Past Digital Solutionism  

The quest for agricultural democratization via blockchain should ultimately move 

beyond the appealing notion of technological solutionism. The study illustrates that 

sustainable advancement depends on fostering techno-institutional synergy, which 

involves the intentional alignment of cryptographic capabilities with governance 

frameworks that promote inclusion rather than exclusion. This requires academic humility: 

acknowledging blockchain not as a universal solution but as one tool among many in the 

institutional designer's toolkit, valuable particularly when it enhances human agency, 

collective action, and equitable value distribution. The way forward requires careful 

attention to "digital fetishism," which is the inclination to confuse technical novelty with 

meaningful change. It also demands ongoing investment in essential activities such as 

enhancing farmer capacity, fortifying cooperative governance, and creating policy 

frameworks that guarantee technological sovereignty is firmly established within the 

communities it aims to benefit. Anchored in these principles, as evidenced by Karnataka 

dairy farmers who manage their data flows and capture premium market value, blockchain 

can facilitate the development of more transparent, inclusive, and resilient food systems. 

However, this potential will only be actualized if we acknowledge that the most essential 

seeds to cultivate are those of institutional integrity, rather than solely lines of code. The 

future of equitable agri-food systems relies more on the institutions established around 

blockchain technology than on the technology itself. 
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