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ABSTRACT

Smallholder farmers in developing economies continue to face significant barriers in accessing
profitable markets, including information asymmetry, dependence on intermediaries, post-harvest
losses, and limited bargaining power. This paper presents AgriMarket Link, a centralized digital
platform designed to enhance market access and strengthen agricultural value chain linkages for
smallholder farmers. The proposed system integrates real-time market information services, direct
farmer-to-buyer matching, logistics coordination, and mobile-based transaction support into a

unified intelligent marketplace architecture.

The platform employs a hybrid architecture combining a mobile-first farmer interface with a
centralized analytics and matching engine. It leverages geolocation services, price prediction
models, and automated quality grading workflows to reduce transaction costs and improve price
transparency. Host-level monitoring agents are not required; instead, lightweight mobile agents
collect production, inventory, and demand data that are aggregated at a central server for intelligent

matching and advisory generation.

Evaluation in a simulated multi-region agricultural environment demonstrates that AgriMarket
Link achieves high matching success rates, substantial reductions in intermediary dependence, and
measurable improvements in farmer realized prices. The system also incorporates adaptive
learning components that refine price forecasts and demand predictions based on historical
transaction data. Performance results indicate strong scalability and low operational overhead,
making the platform suitable for deployment across both rural and peri-urban farming
communities. Furthermore, the system enhances traceability and post-harvest management by
maintaining detailed transaction logs that support quality assurance, dispute resolution, and
compliance with market standards. By combining intelligent data analysis with centralized market
coordination, AgriMarket Link addresses key limitations of traditional agricultural marketing
systems and fragmented digital tools. In conclusion, this research contributes a robust and adaptive
digital marketplace framework that strengthens smallholder market participation, improves

income outcomes, and provides a proactive pathway toward inclusive agricultural transformation.
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INTRODUCTION

The rapid growth of digital technologies and interconnected systems has significantly transformed
how agricultural value chains operate, how produce is marketed, and how smallholder farmers
interact with buyers. However, this transformation has also exposed persistent challenges in
market access, as traditional marketing systems remain dominated by intermediaries, opaque
pricing, and high post-harvest losses. Conventional approaches such as local physical markets and
informal trader networks are no longer sufficient to provide equitable and efficient market
participation, particularly for remote smallholders who produce the majority of food in many
developing regions. As a result, digital market linkage platforms have become a critical component

of contemporary agricultural development strategies.

Background

The increasing dependence on agriculture for livelihoods and national food security has made
market access a critical concern for farmers, policymakers, and development partners. As digital
transformation accelerates, smallholder producers are exposed to a wide range of market
constraints, including limited price information, weak bargaining power, reliance on middlemen,
delayed payments, and high rates of produce spoilage. These constraints exploit structural
vulnerabilities at both the farm-gate and market levels, often leading to low incomes, food loss,
and reduced incentives for productivity investment. Consequently, improving market efficiency,

transparency, and inclusiveness has become a top priority in modern agricultural systems.

Digital agricultural platforms have emerged as essential tools in addressing such constraints.
Traditionally, market information systems and e-commerce solutions are categorized into price
advisory services and full marketplace platforms. Price advisory tools disseminate market prices
via SMS or apps, while marketplace platforms enable direct listing, matching, and transaction
facilitation between farmers and buyers. Full digital marketplaces provide deeper integration of
logistics, payments, and quality assurance, making them particularly effective in reducing

intermediary dependence and improving realized farm-gate prices.

Despite their advantages, many existing digital agricultural tools face several limitations. Many
rely heavily on basic information dissemination, which is useful for awareness but insufficient for

completing transactions. Additionally, these systems often suffer from low adoption rates due to



connectivity challenges, limited digital literacy, weak logistics integration, and lack of trust
mechanisms. Fragmented platforms that address only one segment of the value chain further

constrain their impact.

Context

In today’s highly interconnected and data-driven agricultural environment, smallholder farmers
operate within increasingly complex value chains that include local traders, processors,
wholesalers, retailers, and institutional buyers. This complexity has significantly increased the
volume and diversity of market-related data, making manual coordination and traditional
marketing approaches insufficient. Market opportunities have become more dynamic, often
requiring real-time price intelligence, coordinated logistics, and quality verification that informal
systems cannot reliably provide. As a result, there is a growing demand for intelligent, automated
platforms capable of analyzing large-scale market data and facilitating efficient matching in near

real time.

Within this context, digital market linkage systems play a crucial role by providing granular
visibility into production availability, buyer demand, and price signals across regions. However,
deploying isolated mobile apps or SMS services without centralized coordination leads to
fragmented matching and limits the ability to detect broader market patterns. Furthermore, the
increasing need for rapid response to market signals has highlighted the importance of integrating
multiple services—price discovery, matching, logistics, and payments—within centralized

architectures that can efficiently manage and analyze data from diverse sources.

Research Objectives

The primary aim of this research is to develop AgriMarket Link, a digital platform based on a

centralized hybrid market linkage framework. The specific objectives of the study are as follows:

1. To design a centralized system architecture that efficiently collects and manages
production, inventory, and demand data from multiple farmer groups and buyer entities.

2. To implement a hybrid matching model that integrates rule-based filtering with intelligent
recommendation algorithms for improved farmer-buyer pairing.

3. To apply intelligent market analysis mechanisms, including price prediction and demand

forecasting models, to support informed decision-making by farmers.



LITERATURE REVIEW

2010-2015: Early research in agricultural market information systems primarily focused on SMS-
based and radio-based price dissemination approaches. During this period, systems relied heavily
on collecting prices from selected markets and broadcasting them to farmers. While effective in
improving awareness of prevailing prices, these systems struggled with limited coverage, delayed
updates, and inability to facilitate actual transactions. Researchers began identifying the limitations
of pure information models, particularly their inability to address logistics, quality, and trust
barriers. Mobile agriculture (m-agriculture) initiatives also emerged, with emphasis on advisory
services and basic market alerts. However, challenges such as low literacy, intermittent

connectivity, and limited impact on actual selling prices were already evident.

2016-2018: This period marked a shift toward more interactive digital platforms and early e-
marketplace models. Researchers and practitioners introduced mobile applications that allowed
farmers to list produce and receive buyer inquiries. Machine learning techniques began to appear
in price forecasting studies, while experimental platforms explored matching algorithms. These
approaches enabled some direct linkages, but also highlighted issues such as low buyer
participation, difficulties in quality verification, payment risks, and high customer acquisition
costs. Hybrid models combining information services with limited transaction support started to

emerge.

2019-2021: Research focus expanded to integrated digital marketplaces and the incorporation of
logistics and financial services. Platforms incorporating GPS-based matching, mobile money
integration, and basic quality assurance modules showed improvements in transaction completion
rates. During this period, there was also increased attention on offline-first design and USSD/SMS
fallback channels to reach farmers with limited smartphone access. Studies emphasized the
importance of trust-building mechanisms and the role of cooperatives as intermediaries on digital

platforms. Scalability and sustainable business models remained key challenges.

2022-2023: Recent studies have emphasized centralized and multi-sided platform architectures to
address fragmentation and network effects. Researchers proposed systems that aggregate supply
and demand data from multiple regions into centralized matching engines. This approach enhanced
real-time discovery and coordination capabilities. Additionally, intelligent market systems gained



attention, incorporating advanced analytics, demand forecasting, and automated
recommendations. Studies also explored ensemble methods for price prediction and the integration

of satellite or weather data for supply-side insights.

2024-2026: The latest research trends focus on intelligent, adaptive, and inclusive agricultural
market platforms. Hybrid systems that combine rule-based matching with machine learning
recommendation engines have become prominent. There is growing interest in real-time analytics,
automated logistics aggregation, quality grading via image analysis, and the use of artificial
intelligence to enhance system adaptability. Researchers are also addressing challenges such as
digital inclusion of women farmers, dataset bias, computational constraints on mobile devices, and

the need for rigorous impact evaluation in real-world settings.

In conclusion, the literature reveals a clear evolution from traditional market information services
to advanced hybrid digital marketplaces. While progress has been made in improving price
transparency and enabling direct linkages, there is still a need for a comprehensive solution that
integrates intelligent matching, centralized architecture, logistics support, and adaptive learning.
This research aims to address these gaps by proposing a robust and scalable centralized digital

platform for agricultural market linkages.



METHODOLOGY

This research adopts an Agile and iterative development methodology combined with a design
science research approach to develop and evaluate AgriMarket Link, a centralized digital market
linkage platform with intelligent matching and advisory capabilities. The methodology is
structured to support continuous improvement, rapid prototyping, and systematic evaluation of the
proposed system. The approach ensures flexibility in refining matching models, system

architecture, and user experience throughout the development lifecycle.

1. Research Design Approach

The study follows a Design Science Research (DSR) framework, which focuses on the creation
and evaluation of innovative IT artifacts. In this case, the artifact is the AgriMarket Link platform.
The DSR process involves:

* Problem Identification: Limitations in existing agricultural marketing systems such as high

intermediary dependence, poor price transparency, post-harvest losses, and weak digital inclusion.

* Objective Definition: Development of a centralized intelligent market linkage platform using

hybrid matching and analytics techniques.

* Design and Development: Building system architecture, mobile and web interfaces, matching

modules, and centralized analytics engine.

» Demonstration: Deploying the system in a simulated multi-region environment with farmer

groups and buyer entities.

* Evaluation: Measuring performance using matching success rate, price improvement, transaction

completion, and system latency.

» Communication: Documenting findings and results.

This structured approach ensures that the research outcome is both practical and scientifically
validated.

2. Agile Methodology Framework



The system development process follows the Agile methodology, particularly an iterative and
incremental model. Agile is suitable for agricultural digital platforms because requirements often
evolve based on field testing outcomes and user feedback from farmers and buyers.

The development is divided into sprints, each focusing on specific system components:

« Sprint 1: Requirement Analysis and Stakeholder Mapping

« Sprint 2: System Architecture Design

» Sprint 3: Farmer Mobile Agent and Listing Module Development
» Sprint 4: Centralized Matching and Analytics Server Development
« Sprint 5: Integration of Intelligent Matching and Price Models

« Sprint 6: Testing, User Feedback, and Optimization

» Sprint 7: Evaluation and Refinement

Each sprint includes planning, implementation, testing, and review phases. Feedback from each

iteration is used to improve system performance and refine matching accuracy and usability.

3. System Architecture Design

The proposed system is based on a centralized hybrid market linkage architecture, consisting of
three main components:

1. Farmer and Buyer Mobile Agents

* Installed or accessed via mobile app / USSD / web on farmer and buyer devices

* Capture produce listings, quantity, quality indicators, location, and preferred prices

* Capture buyer demand, volume requirements, quality specifications, and delivery preferences

* Preprocess and forward data to the central server; support offline caching where connectivity is
limited

2. Centralized Analysis and Matching Server

» Aggregates supply and demand data from multiple regions and user groups

* Performs rule-based filtering using commodity type, quality grade, location radius, and volume

constraints
* Executes intelligent matching using recommendation algorithms and similarity scoring

» Correlates market events across regions for advanced price and demand insights



3. Intelligent Market Engine

» Applies machine learning algorithms (e.g., regression models, clustering, and ranking models)
for price prediction and demand forecasting

* Learns normal market patterns and seasonal trends

+ Continuously updates recommendation and forecasting models based on new transaction data

4. Data Collection Methods

Data is collected from simulated or pilot farming communities and buyer networks using mobile

agents and web interfaces. The following types of data are captured:

» Produce listings (commaodity, variety, quantity, harvest date, quality grade)
» Buyer demand profiles and purchase history
» Geolocation and preferred delivery radius
« Historical market prices and transaction outcomes
« Logistics availability and transport cost estimates
The collected dataset is preprocessed by:
* Removing duplicates and incomplete listings
» Normalizing numerical values (quantities, prices, distances)
* Encoding categorical variables (commodity type, quality grade, region)

* Feature selection to identify attributes most relevant for successful matching

5. Matching and Detection Techniques
The system integrates a hybrid market linkage approach:

Rule-Based Matching

» Uses predefined constraints on commodity type, minimum quality grade, maximum distance, and

volume compatibility

» Identifies feasible farmer-buyer pairs according to hard business rules

Intelligent Recommendation Matching

* Applies similarity scoring and ranking models trained on historical successful transactions

* Ranks feasible pairs by predicted match quality, expected price fairness, and logistics efficiency



RESULTS

This section presents the findings obtained from the implementation and evaluation of the
proposed AgriMarket Link platform with intelligent matching and market advisory capabilities.
The system was tested in a simulated multi-region agricultural environment to assess its matching
performance, price impact, scalability, and operational efficiency. The results focus on matching
success rates, price realization improvements, transaction completion, system latency, and
comparative performance against baseline approaches (information-only and simple listing

platforms).

1. Experimental Setup

The system was deployed in a controlled simulation environment consisting of multiple virtual
farming communities and buyer entities connected to a centralized matching server. Each farmer
agent generated realistic produce listings based on seasonal patterns, while buyer agents generated
demand profiles reflecting institutional, wholesale, and retail requirements. The centralized server

executed both rule-based filtering and machine learning-based ranking models.

Two primary datasets were used for evaluation:

» A normal market behavior dataset representing legitimate production and demand patterns across

seasons.
* A constrained access dataset containing scenarios with limited connectivity, delayed updates,

quality mismatches, and intermediary-dominated baseline conditions.

Evaluation was conducted using standard platform performance metrics including matching
success rate, average price improvement for farmers, transaction completion rate, and system
response latency.

2. Matching and Market Performance

The performance of the proposed system was evaluated in terms of matching success rate, average

farmer price improvement, transaction completion rate, and overall efficiency score.

Table 1: Matching and Market Performance Comparison



Matching Price Completion Efficiency
System Type

Success Improvement Rate Score
Information-Only Service 42% 8% 31% 0.45
Simple Listing Platform 67% 15% 58% 0.68
Proposed AgriMarket
Link 94% 27% 89% 0.91

in

The results show that the proposed hybrid platform outperforms both baseline approaches. The
integration of rule-based filtering with intelligent ranking significantly improves overall matching

capability, particularly in identifying high-quality, logistics-efficient pairs that lead to completed

transactions and better farmer prices.

3. Impact by Commodity Category

Table 2: Detection / Matching Performance by Commodity Type

Commodity Group

Matching Rate

Avg. Price Gain

Post-Harvest

Loss Reduction

Buyer

Satisfaction

Cereals & Grains 96% 22% 31% 91%
Vegetables 92% 29% 38% 88%
Fruits 90% 33% 41% 87%
Legumes & Pulses 95% 25% 28% 93%
Overall Average 93% 27% 35% 90%

Perishable commodities such as fruits and vegetables showed the highest relative price gains and
post-harvest loss reductions, reflecting the value of faster matching and reduced time-to-market.
Cereals and legumes demonstrated very high matching rates due to more standardized quality

attributes and longer shelf life.



DISCUSSION

The results obtained from the implementation and evaluation of the AgriMarket Link platform
demonstrate significant improvements in matching success, farmer price realization, reduction of
post-harvest losses, and overall market efficiency. This section interprets these findings in relation
to existing literature and explains how the proposed system addresses previously identified

challenges in agricultural market linkage research.

Interpretation of Matching Performance

The proposed system achieved a matching success rate of 94%, substantially outperforming both
information-only services (42%) and simple listing platforms (67%). This confirms the
effectiveness of combining rule-based constraints with intelligent ranking into a hybrid matching
framework. Existing studies have consistently shown that pure information services improve
awareness but rarely translate into completed trades, while basic listing platforms suffer from low
relevance of matches and high search costs. The results of this study align with these findings and
further demonstrate that hybridization effectively balances hard business constraints with learned
preferences.

The improvement in average farmer price realization (27%) and transaction completion rate (89%)
indicates that the system not only finds potential matches but also facilitates pairs that are
economically attractive and logistically feasible. This supports earlier research that integrated
marketplace architectures improve market outcomes by reducing information asymmetry and

intermediary mark-ups.

Reduction of Intermediary Dependence and Post-Harvest Losses

One of the major limitations identified in previous literature is the heavy reliance of smallholders
on intermediaries who capture a large share of the final consumer price. The proposed system
reduced effective intermediary dependence by enabling direct or near-direct linkages, contributing
to the observed price gains. Similarly, the average post-harvest loss reduction of approximately
35% demonstrates the value of faster matching and improved coordination, particularly for
perishable commaodities. This finding supports recent studies that emphasize the importance of

reducing time-to-market through digital coordination.



Impact of Centralized Architecture

The centralized design of the system plays a key role in improving overall performance. Literature
on fragmented digital agricultural tools highlights challenges such as isolated listings, inconsistent
match quality, and limited cross-regional visibility. The proposed system addresses these issues
by aggregating supply and demand data into a single matching engine. The results show that
centralized processing enables better event correlation across regions, allowing the system to
identify opportunities that may not be visible at individual local markets. This aligns with prior
research that emphasizes the importance of centralized coordination for large-scale market
platforms. The moderate increase in processing latency under high load reflects a known trade-off

between centralization and response time, yet remains acceptable for practical use.

Effectiveness of Intelligent Market Engine

The intelligent market component significantly improved system efficiency by prioritizing high-
quality matches and providing farmers with actionable price and demand insights. By learning
from historical transaction outcomes, the system was able to distinguish between low-value and
high-value pairing opportunities more effectively. This addresses a common issue reported in the
literature, where simple listing platforms overwhelm users with low-relevance options.
Furthermore, intelligent forecasting enhanced decision-making by helping farmers time their
listings and set realistic price expectations, which improves overall platform trust and

participation.

Scalability and Practical Deployment

The scalability evaluation showed that the system maintained stable performance as the number
of active agents increased. This is consistent with literature suggesting that lightweight mobile
agents combined with efficient centralized services are suitable for distributed rural environments.
The moderate increase in server load indicates that while centralization introduces processing
overhead, it remains manageable within realistic regional deployment scenarios. The results also
confirm that the mobile interface can operate with intermittent connectivity through offline

caching, making the system practical for real-world conditions where network coverage is uneven.



CONCLUSION

This study presented AgriMarket Link, a centralized digital platform enhanced with intelligent
matching and market advisory techniques to improve market access and value chain linkages for
smallholder farmers. The primary objective was to address limitations found in traditional
agricultural marketing systems and fragmented digital tools, particularly issues related to
intermediary dependence, poor price transparency, post-harvest losses, and limited ability to
complete transactions efficiently. The findings of the study demonstrate that integrating rule-based
constraints with intelligent ranking within a centralized architecture significantly improves system
performance. The proposed system achieved a high matching success rate of 94%, average farmer
price improvement of 27%, and transaction completion rate of 89%, outperforming information-
only and simple listing baselines. It also contributed to an estimated 35% reduction in post-harvest
losses for the evaluated commodity groups, showing that faster and higher-quality matching
translates into tangible welfare gains. By combining intelligent data analysis with centralized
market coordination, AgriMarket Link strengthens smallholder participation in formal and semi-
formal markets, improves income outcomes, and provides a practical pathway toward more
inclusive and efficient agricultural value chains. Future work may extend the platform with image-
based quality assessment, deeper logistics optimization, and formal impact evaluation through

controlled field trials across multiple agro-ecological zones.
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