g INTERNATIONAL JOURNAL OF VERSATILE RESEARCH AND ANALYSIS (IJVRA) " amss
WP IVRA © 2026 IJVRA | Volume 4, Issue 3, March 2026 | ISSN: 2984-8903 | [[VRA.ORG

SUPPLY CHAIN CHALLENGES AND
OPPORTUNITIES IN PERISHABLE AGRI-
PRODUCTS: STRUCTURAL CONSTRAINTS,
DIGITAL READINESS, AND POLICY
IMPLICATIONS IN EMERGING ECONOMIES

!Arpana Naik
'Research Scholar
'Faculty of Management Studies
Parul University, Vadodara, India

Abstract: Perishable agricultural products constitute a critical component of food systems in emerging economies, yet their supply
chains remain vulnerable to infrastructural deficiencies, coordination failures, and market inefficiencies. India, as one of the
world’s largest producers of fruits, vegetables, milk, and fisheries, faces persistent post-harvest losses estimated between 30—
40%, primarily due to inadequate cold chain infrastructure, fragmented logistics networks, and limited digital integration. This
study investigates structural challenges and emerging opportunities within the perishable agri-product supply chain using
empirical data collected from 151 farmers. Employing a descriptive—analytical research design, the study applies descriptive
statistics, One-Way ANOVA, and Exploratory Factor Analysis to identify determinants of supply chain performance. Findings
reveal that infrastructural constraints and intermediary dominance significantly reduce price realization and farmer satisfaction,
while digital and technological readiness presents a promising but underutilized opportunity. The study concludes that systemic
reforms integrating infrastructure development, digital transformation, institutional strengthening, and policy simplification are
essential to enhancing supply chain resilience and farmer income. The research contributes to supply chain theory by
contextualizing structural inefficiencies within emerging agrarian markets and proposes a framework for sustainable perishable
supply chain transformation.

IndexTerms - Perishable Agricultural Supply Chains, Post-Harvest Losses, Cold Chain Infrastructure, Supply Chain Digitization,
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l. INTRODUCTION

Agricultural supply chains in emerging economies are undergoing structural transformation driven by globalization, urbanization,
technological innovation, and evolving consumer preferences. Among agricultural commaodities, perishable products—including
fruits, vegetables, dairy, meat, poultry, and fisheries—pose unique logistical and managerial challenges due to their limited shelf
life, temperature sensitivity, and quality degradation risks. Efficient supply chain management (SCM) in this segment is not
merely an operational concern but a strategic imperative for ensuring food security, farmer income stability, price stability, and
sustainable development.

India represents a compelling context for examining perishable supply chains. The country ranks among the largest global
producers of milk, fruits, and vegetables, yet simultaneously experiences significant post-harvest losses. These losses reduce
national income, increase food inflation, and weaken farmer bargaining power. The paradox of high production coupled with
high wastage underscores systemic inefficiencies across storage, transportation, market access, and information integration.
Perishable supply chains differ fundamentally from non-perishable commodity chains. Time compression, temperature control,
and synchronized information flows become critical determinants of value retention. Even minor delays or suboptimal handling
can significantly reduce product quality, resulting in distress sales or complete spoilage. Consequently, supply chain performance
in perishables requires coordination across multiple stakeholders—farmers, aggregators, processors, logistics providers,
wholesalers, retailers, and policymakers.

Despite government initiatives aimed at strengthening cold chain infrastructure and digital market platforms, grassroots adoption
remains uneven. Small and marginal farmers—who constitute the majority of producers—often lack access to scientific storage
facilities, refrigerated transportation, real-time price information, and organized marketing channels. Intermediary dominance
further reduces their share in final consumer prices.
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This study seeks to examine:
1. Structural constraints affecting perishable Agri-supply chains.

2. The relationship between demographic variables and price satisfaction.
3. Underlying factors influence supply chain performance.
4. Opportunities emerging from digital and technological integration.

By adopting a quantitative empirical approach, this research contributes to academic discourse on supply chain resilience,
structural inefficiencies, and digital transformation in emerging agrarian economies.

Il. LITERATURE REVIEW

2.1 Theoretical Foundations of Perishable Supply Chain Management

Supply chain theory provides several frameworks for analyzing perishable agri-systems:

Systems Theory conceptualizes supply chains as interconnected networks where inefficiencies in one node affect overall
performance.

Transaction Cost Economics explains the prevalence of intermediaries and coordination failures due to high transaction costs
in fragmented markets.

Resource-Based View (RBV) suggests that firms or networks possessing unique logistical capabilities (e.g., cold chain assets,
digital integration) gain competitive advantage.

Lean and Just-in-Time (JIT) Models emphasize waste reduction and time compression—critical for perishables.

Triple Bottom Line Framework integrates economic efficiency, environmental sustainability, and social equity.

These frameworks collectively underscore the importance of coordination, infrastructure, and information integration in
perishable supply chains.

2.2 Structural Challenges in Emerging Economies

Multiple studies highlight persistent infrastructure deficits in emerging agricultural markets. Lack of pre-cooling facilities,
inadequate cold storage capacity, and limited refrigerated transport contribute significantly to post-harvest losses. Rural road
connectivity issues exacerbate transit time variability, increasing spoilage rates.

Fragmented landholdings limit economies of scale and reduce farmers’ bargaining power. The dominance of intermediaries
creates multi-layered marketing channels, where price discovery mechanisms are opaque and value distribution remains skewed.
Power supply instability in rural areas undermines cold storage reliability. Furthermore, financial constraints restrict farmers’
ability to invest in storage or value addition infrastructure.

2.3 Digital Transformation and Supply Chain Modernization

Recent literature emphasizes the transformative role of digital technologies:
e loT-enabled temperature monitoring.

e  GPS-based logistics tracking.

e Blockchain traceability systems.

e Digital marketplaces connecting farmers to buyers.
e Predictive analytics for demand forecasting.

However, technology adoption depends on digital literacy, affordability, and institutional support. While digital platforms
promise transparency and efficiency, implementation gaps persist due to limited training and infrastructure.

2.4 Policy Interventions and Institutional Support

Government initiatives in emerging economies increasingly focus on:
e Cold chain infrastructure development.

e Food processing clusters.

e Digital agricultural marketplaces.
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e Financial support schemes.

e  Farmer Producer Organizations (FPOs).

While policy frameworks appear robust, literature identifies implementation disparities and bureaucratic complexities that restrict
effective outreach.

2.5 Research Gap

Existing studies extensively document infrastructural and logistical challenges. However, limited empirical research explores:
e The relationship between demographic factors and price satisfaction.

e Farmer-level digital readiness as a structural determinant.
e Factor-based modeling of supply chain performance dimensions.

This study addresses these gaps through statistical analysis and factor extraction.

I11. RESEARCH METHODOLOGY

The methodology section outline the plan and method that how the study is conducted. This includes Universe of the study,
sample of the study,Data and Sources of Data, study’s variables and analytical framework. The detailsare as follows;

3.1 Research Design
A descriptive—analytical design was adopted to combine statistical summarization with inferential examination.

3.2 Research Approach
Quantitative methodology supported by structured primary data collection.

3.3 Sample
151 farmers engaged in perishable agriculture.

3.4 Sampling Technique
Non-probability convenience sampling due to accessibility constraints.

3.5 Data Collection Instrument
Structured questionnaire including:

e Demographic profile

e Farming characteristics

e Storage and transportation access
e  Market channels

e  Price satisfaction

e Awareness of digital platforms

e  Government scheme utilization

3.6 Statistical Tools

e Frequency and Percentage Analysis
e One-Way ANOVA

e Exploratory Factor Analysis (Principal Component Method)
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3.7 Hypothesis
Ho: No significant difference in price satisfaction across age groups.
H.: Significant difference exists in price satisfaction across age groups.

IV. RESULTS

4.1 Demographic Profile
Majority respondents fall within 25-40 years age group. Farming remains male-dominated, with limited female participation.
Education levels are generally low to moderate.

4.2 Farming Characteristics
Most respondents are small and marginal farmers (<2 hectares). Limited landholding size restricts economies of scale and
increases intermediary dependence.

4.3 Infrastructure Availability
A significant proportion lacks access to cold storage and organized transportation. Immediate post-harvest sales dominate due to
storage constraints.

4.4 Market Access and Price Satisfaction
Local traders and mandis remain primary marketing channels. Price dissatisfaction is prevalent.

4.5 ANOVA Findings

ANOVA results indicate no statistically significant difference in price satisfaction across age groups.
Interpretation:

Price dissatisfaction is systemic rather than demographic-specific.

4.6 Factor Analysis

Two primary factors were extracted:

Factor 1: Infrastructure and Market Constraints
e Storage deficiency

e  Transportation inefficiency
e  Power supply instability
e Intermediary dominance

Factor 2: Digital and Technological Readiness
e  Awareness of digital platforms

e Access to market price information
e  Willingness to adopt technology

These two factors explain the majority of variance in supply chain performance.

V. DISCUSSION

The findings confirm that structural inefficiencies dominate perishable supply chains. Infrastructure deficits directly contribute
to post-harvest losses and distress selling. Intermediary-driven marketing channels distort value distribution.

Digital readiness, however, emerges as a promising opportunity. Farmers exhibit openness toward technology adoption,
suggesting that training and infrastructure investments could accelerate modernization.

The absence of demographic influence on price satisfaction reinforces the structural nature of inefficiencies.

V1. THEORETICAL CONTRIBUTIONS

1. Extends supply chain theory by contextualizing structural inefficiencies within emerging agrarian markets.
2. Integrates infrastructure constraints and digital readiness into a dual-factor explanatory model.

3. Demonstrates the limited role of demographic variables in systemic supply chain dissatisfaction.
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VII. PRACTICAL IMPLICATIONS
For Policymakers

e Invest in decentralized cold chain infrastructure.
o  Simplify subsidy access mechanisms.
e Promote digital literacy programs.

For Agribusiness Firms

o Develop aggregation-based procurement models.
e Leverage loT-enabled monitoring systems.
e  Encourage contract farming frameworks.

For Farmer Organizations

e  Strengthen FPO participation.
o Facilitate collective marketing.

e Enhance negotiation capacity.

VIII. SUSTAINABILITY IMPLICATIONS

Reducing post-harvest losses decreases greenhouse gas emissions and enhances food security. Efficient logistics reduce food
miles and energy wastage. Sustainable packaging and renewable-powered cold storage can further enhance environmental
outcomes.

IX. LIMITATIONS

¢ Non-probability sampling limits generalization.
e Cross-sectional design restricts temporal analysis.

e  Self-reported responses may introduce bias.

X. FUTURE RESEARCH DIRECTIONS

e  Structural Equation Modeling (SEM).
e Comparative digital vs traditional supply chains.
e Longitudinal studies on seasonal variability.

e  Multi-country comparative analysis.

XI. CONCLUSION

Perishable agri-supply chains in emerging economies face deep-rooted structural constraints driven by infrastructure deficits,
fragmented markets, and intermediary dominance. While digital transformation offers significant opportunity, its impact remains
contingent on infrastructural and institutional support.

Systemic reforms integrating cold chain development, digital literacy, policy simplification, and farmer collectivization are
essential for sustainable supply chain transformation.

Improving perishable supply chain efficiency is not merely an operational necessity but a socio-economic imperative that directly
influences farmer income, food security, and national development.
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