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A FACTOR ANALYSIS OF KEY DETERMINANTS IN THE FRUITS AND VEGETABLES VALUE CHAIN



ABSTRACT

	Aims:
The study aims to analyze the fruits and vegetables value chain in Western Maharashtra by examining production, storage, transportation, processing, marketing, and export, and to identify the underlying latent factors influencing its efficiency, competitiveness, and sustainability.
Study design:
A descriptive and analytical research design was employed, incorporating both quantitative and qualitative approaches.
Place and Duration of Study:
The study was conducted in the Western Maharashtra region covering major fruit and vegetable producing areas. Data collection was carried out over a period of six months during 2024.
Methodology:
A total of 110 respondents were surveyed, including farmers, traders, processors, exporters, transport operators, and storage providers. Data were collected using structured questionnaires, personal interviews, and focus group discussions. Factor analysis was performed after confirming the suitability of data through Kaiser-Meyer-Olkin (KMO = 0.725) and Bartlett’s Test of Sphericity (p < 0.001).
Results:
The analysis extracted four significant latent factors explaining 87% of the total variance: (1) Institutional and Policy Support, (2) Structural Bottlenecks and Market Constraints, (3) Production and Storage Strengths, and (4) Processing and Market Access. Strengths identified include quality seeds, cold storage facilities, value addition, and agro-processing opportunities. Weaknesses were noted in road connectivity, transport delays, middlemen dominance, and underutilization of export potential.
Conclusion:
The study concludes that while Western Maharashtra’s fruits and vegetables sector possesses notable production and storage strengths, inefficiencies in transportation, market access, and export hinder its competitiveness. Strengthening infrastructure, promoting agro-processing, enhancing market integration, and revitalizing exports are essential policy measures to ensure a more efficient and globally competitive value chain.
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1. INTRODUCTION

India is globally recognized as one of the largest producers of fruits and vegetables, with its horticultural sector contributing significantly to agricultural GDP. According to the Food and Agriculture Organization (FAO, 2022), India accounts for nearly 44.5% of global mango production, 25.6% of bananas, and 38.6% of papayas, ranking second only to China in overall fruit and vegetable output. Despite such a strong production base, India’s share in global agricultural exports remains disproportionately low, with agriculture contributing less than 2% to the national GDP from exports (Institute for Social and Economic Change [ISEC], 2023).
Maharashtra has emerged as a key hub for horticultural development, particularly in grapes, pomegranates, bananas, and onions. Recent data indicate that Maharashtra achieved its highest-ever agro-food export value of ₹47,017 crore in 2024–25, largely driven by fruit exports (The Times of India, 2025a). Further, the state’s fruit plantation area expanded by 68,541 hectares, now totaling 14 lakh hectares, supported by government schemes and export demand (The Times of India, 2025b). These developments highlight both the opportunities and the pressing need for efficiency in the fruits and vegetables value chain.
The value chain in this context comprises six interlinked stages: production, storage, transportation, processing, marketing, and export. A smooth and efficient flow across these stages is vital for reducing post-harvest losses, enhancing farmer incomes, ensuring food security, and generating employment and foreign exchange earnings (Venkatesh et al., 2021). Yet, the sector continues to face systemic constraints, including poor road connectivity, insufficient cold storage facilities, limited processing industries, weak institutional finance, and underutilized export potential.
Advanced statistical tools such as factor analysis provide a rigorous method for understanding complex interrelationships within agricultural systems. Factor analysis reduces a large number of observed variables into smaller sets of latent constructs (Hair et al., 2019), allowing researchers to identify the underlying determinants of value chain efficiency. In the case of fruits and vegetables, such an approach consolidates diverse dimensions—ranging from quality seed availability and cold storage access to middlemen dominance and export underutilization—into coherent factors that can guide targeted policy interventions.

2. REVIEW OF LITERATURE

· Previous Studies on Fruits and Vegetables Sector
The fruits and vegetables sector plays a vital role in ensuring food security, generating rural employment, and contributing to export earnings. India is recognized as one of the world’s leading producers of fruits and vegetables, accounting for substantial shares in crops such as bananas, mangoes, and papayas (FAO, 2022). However, despite this production strength, the sector continues to struggle with significant inefficiencies. According to APEDA (2022), persistent post-harvest losses, limited processing facilities, and weak export linkages remain key constraints. Several studies have addressed these challenges. Venkatesh et al. (2021) observed that infrastructural bottlenecks, high wastage levels, and the dominance of intermediaries lower farmers’ share in consumer prices, thereby making value chain strengthening essential. Tort, Vayvay, and Çobanoğlu (2022), through a systematic review of sustainable fresh fruit and vegetable supply chains, further emphasized the importance of environmental efficiency, waste reduction, and logistical improvements. Their findings highlight that sustainability depends on balancing production, storage, and transportation systems—issues that directly align with the present study’s focus on infrastructural and logistical constraints in Western Maharashtra. At a more localized level, Busani, Radhika, and Supriya (2021) examined the tomato supply chain in Telangana and found that both raw and value-added products face high marketing costs, middlemen dominance, and limited processing support. They stressed the importance of improved storage, processing facilities, and direct market access in ensuring better farmer returns. These findings are particularly relevant to the current study, as they mirror the observed strengths of value addition and the ongoing weaknesses of inadequate infrastructure and intermediary dependence in the fruits and vegetables sector.Global and Indian Research on Value Chain
· Analysis & electronic National Agricultural Market (e-NAM)
[bookmark: _Hlk207899601]Globally, value chain analysis has been applied to understand agricultural efficiency and competitiveness. Kaplinsky and Morris (2001) laid the foundation for analyzing global value chains, showing how integration and upgrading determine benefits to producers. In India, horticultural value chain research underscores similar concerns. Chand and Raju (2009) examined horticultural supply chains and noted that weak cold chain networks and market distortions affect profitability. Gupta and Badal (2018) reviewed the role of the electronic National Agricultural Market (e-NAM) in India and found that it integrates fragmented markets, improves price transparency, and reduces intermediary dominance. They emphasized that e-NAM enhances farmers’ bargaining power and facilitates direct buyer linkages. This supports the present study’s findings on the importance of market information and direct access for improving efficiency in the fruits and vegetables value chain.More recently, ISEC (2023) underlined that India’s agricultural exports remain constrained by institutional inefficiencies and lack of infrastructure. These studies converge on the need for systematic examination of each stage of the chain, from production to marketing. 
· Studies Using Factor Analysis in Agricultural Research
Factor analysis has been increasingly applied in agricultural research to identify latent structures influencing productivity and market performance. Hair et al. (2019) argue that factor analysis provides a robust multivariate approach to reduce data complexity and extract meaningful components. In Indian studies, factor analysis has been used to assess farm efficiency, market access, and rural credit determinants (Field, 2018). Research on horticultural value chains applying this method remains limited, but emerging studies (e.g., Venkatesh et al., 2021) demonstrate its utility in integrating diverse variables such as input use, storage, processing, and export.
· Research Gap Identification
Although the literature provides important insights into the fruits and vegetables sector and value chain challenges, several gaps persist. Most studies in India focus on isolated aspects such as production efficiency, storage facilities, or export constraints. Very few have statistically consolidated these dimensions to reveal the underlying latent structures that drive value chain efficiency. Moreover, the use of advanced statistical tools such as factor analysis in horticultural value chain research is scarce, particularly at the district and state levels. This study seeks to fill this gap by applying factor analysis to systematically identify key components influencing the fruits and vegetables value chain, thereby providing evidence-based recommendations for sustainable agricultural policy.
· Statement of the Problem
Although India is a global leader in fruit and vegetable production, inefficiencies across the value chain hinder the sector from realizing its full economic potential. Descriptive statistics from this study highlight these gaps: the mean scores for “lack of storage facilities” (M = 2.02), “transport delays” (M = 2.05), and “export potential underutilized” (M = 1.73) reflect persistent weaknesses. Previous research has often examined these issues in isolation (Venkatesh et al., 2021), making it difficult for policymakers to identify priority areas. Thus, a consolidated empirical investigation using factor analysis is necessary to uncover latent structures and provide actionable insights for improving the fruits and vegetables value chain.

2.1 Objectives of the Study  
· To identify the key components of the fruits and vegetables value chain.
· To examine the interrelationships between production, storage, transportation, processing, marketing, and export.
· To determine latent factors within the value chain using factor analysis.
· To derive policy insights for sustainable agriculture and market efficiency.

2.2  Hypotheses
· H₀ (Null Hypothesis): There is no significant latent factor structure underlying the fruits and vegetables value chain.
· H₁ (Alternative Hypothesis): A statistically significant latent factor structure exists in the fruits and vegetables value chain.

2. RESEARCH METHODOLOGY

This study adopts a descriptive and analytical design to examine the fruits and vegetables value chain in Western Maharashtra. The descriptive aspect captures the socio-economic profile and perceptions of stakeholders, while the analytical aspect employs multivariate techniques to identify latent structures in the value chain. The sample included 110 respondents comprising farmers, traders, processors, exporters, transport operators, and storage providers, selected through purposive and convenient sampling due to their direct relevance and accessibility. The study area covered six major horticultural districts—Kolhapur, Sangli, Satara, Solapur, Pune, and Nashik—chosen for their significance in fruit and vegetable cultivation, trade, and exports. Primary data were collected using structured questionnaires, interviews, and focus group discussions, ensuring both quantitative and qualitative insights. Secondary data were sourced from FAO, the Ministry of Agriculture, APEDA, and NABARD reports.
For analysis, descriptive statistics summarized responses, while the Kaiser-Meyer-Olkin (KMO) test and Bartlett’s Test of Sphericity assessed data suitability for factor analysis. Communalities and total variance explained were used to measure variable contributions, and a rotated component matrix (Varimax method) extracted key latent factors. This systematic approach ensured a robust understanding of the determinants shaping value chain efficiency.

3. results and discussion

The collected data were analyzed using descriptive and inferential statistical techniques to assess the efficiency of the fruits and vegetables value chain. Factor analysis was applied to identify latent structures, supported by tests of sampling adequacy and variance explanation.

Table 1.	Demographic profile of respondents(N = 110).

	Variable
	Category
	Frequency
	Percent (%)

	Gender
	Male
	72
	65.5

	
	Female
	38
	34.5

	Occupation
	Farmer
	37
	33.6

	
	Trader
	20
	18.2

	
	Exporter
	19
	17.3

	
	Processor
	15
	13.6

	
	Transport Operator
	10
	9.1

	
	Storage Provider
	9
	8.2

	Education
	Secondary
	29
	26.4

	
	Higher Secondary
	23
	20.9

	
	Graduate
	19
	17.3

	
	Primary
	15
	13.6

	
	Post Graduate
	14
	12.7

	
	Illiterate
	10
	9.1

	Family Income (₹)
	Below 2,00,000
	19
	17.3

	
	2,01,000 – 4,00,000
	34
	30.9

	
	4,01,000 – 7,00,000
	29
	26.4

	
	7,01,000 – 10,00,000
	17
	15.5

	
	Above 10,00,000
	11
	10.0



The sample shows broad representation across the value chain. A majority were male (65.5%), while farmers (33.6%) dominated occupations, supported by traders (18.2%), exporters (17.3%), and processors (13.6%), with smaller shares of transport operators (9.1%) and storage providers (8.2%). Education levels were fairly balanced, with most respondents educated up to secondary (26.4%) and higher secondary (20.9%), though graduates (17.3%) and postgraduates (12.7%) added a skilled segment, while illiterates (9.1%) reflected traditional participation. Income distribution was concentrated in the ₹2–4 lakh (30.9%) and ₹4–7 lakh (26.4%) brackets, highlighting a largely middle-income profile.
Overall, the demographic profile captures diverse stakeholders with moderate education and income, ensuring reliable insights into the fruits and vegetables value chain across production, processing, trade, and export.

Table 2.	 Descriptive Statistics of Key Components in the Fruits and Vegetables Value Chain

	Descriptive Statistics

	
	Mean
	Std. Deviation
	Analysis N

	Quality seeds & inputs availability
	4.06
	1.191
	110

	Lack of storage facilities
	2.02
	1.459
	110

	Cold storage improves shelf life
	4.22
	1.160
	110

	Poor road increases transport cost
	1.62
	1.157
	110

	Refrigerated vehicles reduce wastage
	4.18
	1.135
	110

	Transport delays affect prices
	2.05
	1.222
	110

	Processing units create opportunities
	4.09
	1.185
	110

	Lack of finance for processing
	1.88
	1.254
	110

	Value addition increases income
	4.26
	1.002
	110

	Direct market access gives better price
	3.87
	1.220
	110

	Middlemen dominate pricing
	1.95
	.999
	110

	Market information is essential
	4.08
	1.242
	110

	Export potential underutilized
	1.73
	1.133
	110

	Govt. schemes strengthen value chain
	3.91
	1.201
	110

	Coordination improves efficiency
	4.08
	1.158
	110



The descriptive analysis reveals clear contrasts in the efficiency and weaknesses of the fruits and vegetables value chain in Western Maharashtra. Respondents strongly agreed on the positive role of value addition (M = 4.26), cold storage (M = 4.22), and refrigerated transport (M = 4.18) in improving quality and reducing losses. Similarly, quality seeds and inputs (M = 4.06), processing units (M = 4.09), market information (M = 4.08), and coordination (M = 4.08) scored high, reflecting their critical importance. Government schemes were also viewed positively (M = 3.91).
By contrast, systemic inefficiencies are highlighted in areas such as poor road connectivity (M = 1.62), underutilization of export potential (M = 1.73), lack of finance for processing (M = 1.88), middlemen dominance in pricing (M = 1.95), storage facility gaps (M = 2.02), and transport delays (M = 2.05), where mean values are low, indicating major challenges.
Overall, the results suggest that while the sector benefits from strong inputs, processing opportunities, and supportive infrastructure in some areas, structural bottlenecks in logistics, finance, and exports continue to undermine efficiency.

Table 3.	 KMO and Bartlett’s Test of Sampling Adequacy for Value Chain Variables

	KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	.725

	Bartlett's Test of Sphericity
	Approx. Chi-Square
	2302.616

	
	df
	105

	
	Sig.
	.000



The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy is 0.725, which is above the recommended threshold of 0.70 (Kaiser, 1974), indicating that the sample size is adequate and the data are suitable for factor analysis. This suggests a “middling to good” level of common variance among variables, justifying the application of multivariate techniques.
The Bartlett’s Test of Sphericity yielded an approximate Chi-square value of 2302.616 with 105 degrees of freedom, and the associated significance level is p < 0.001. This indicates that the correlation matrix is not an identity matrix, meaning there are sufficient inter-correlations among the variables to proceed with factor analysis.
Taken together, these results confirm the appropriateness of applying Principal Component Analysis (PCA) for identifying latent structures in the fruits and vegetables value chain.

Table 4. 	Communalities of Value Chain Variables (Extraction Method: PCA)

	Communalities

	
	Initial
	Extraction

	Quality seeds & inputs availability
	1.000
	.826

	Lack of storage facilities
	1.000
	.814

	Cold storage improves shelf life
	1.000
	.889

	Poor road increases transport cost
	1.000
	.849

	Refrigerated vehicles reduce wastage
	1.000
	.860

	Transport delays affect prices
	1.000
	.780

	Processing units create opportunities
	1.000
	.887

	Lack of finance for processing
	1.000
	.883

	Value addition increases income
	1.000
	.919

	Direct market access gives better price
	1.000
	.889

	Middlemen dominate pricing
	1.000
	.882

	Market information is essential
	1.000
	.944

	Export potential underutilized
	1.000
	.827

	Govt. schemes strengthen value chain
	1.000
	.885

	Coordination improves efficiency
	1.000
	.921

	Extraction Method: Principal Component Analysis.



The communalities show how much of each variable’s variation is explained by the extracted factors. All values are high (above 0.75), which means the selected variables are strongly represented in the factor analysis. The highest values are for market information (0.944), coordination efficiency (0.921), and value addition (0.919), highlighting their central role in the value chain. Other variables such as cold storage (0.889), direct market access (0.889), and processing units (0.887) also contribute significantly. Even the relatively lower values like transport delays (0.780) and lack of storage facilities (0.814) are still within acceptable limits and add value to the analysis. Overall, these results confirm that most of the variation in the fruits and vegetables value chain is well captured by the factors extracted through PCA.
In summery, almost all the key issues and strengths of the fruits and vegetables sector like good seeds, cold storage, processing, marketing, and exports are strongly linked together and can be explained by a few main factors. This shows the analysis is reliable and gives a clear picture of where improvements are needed.
Table 5.	Total Variance Explained by Principal Components

	Total Variance Explained

	Comt
	Initial Eigenvalues
	Extraction Sums of Squared Loadings
	Rotation Sums of Squared Loadings

	
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %
	Total
	% of Variance
	Cumulative %

	1
	9.589
	63.929
	63.929
	9.589
	63.929
	63.929
	4.151
	27.676
	27.676

	2
	1.517
	10.113
	74.042
	1.517
	10.113
	74.042
	3.726
	24.842
	52.518

	3
	.992
	6.612
	80.653
	.992
	6.612
	80.653
	2.618
	17.456
	69.973

	4
	.957
	6.377
	87.030
	.957
	6.377
	87.030
	2.559
	17.057
	87.030

	5
	.447
	2.979
	90.010
	
	
	
	
	
	

	6
	.343
	2.289
	92.299
	
	
	
	
	
	

	7
	.322
	2.147
	94.446
	
	
	
	
	
	

	8
	.262
	1.747
	96.193
	
	
	
	
	
	

	9
	.158
	1.051
	97.243
	
	
	
	
	
	

	10
	.144
	.963
	98.206
	
	
	
	
	
	

	11
	.123
	.818
	99.023
	
	
	
	
	
	

	12
	.067
	.449
	99.473
	
	
	
	
	
	

	13
	.053
	.354
	99.827
	
	
	
	
	
	

	14
	.020
	.136
	99.963
	
	
	
	
	
	

	15
	.006
	.037
	100.000
	
	
	
	
	
	

	Extraction Method: Principal Component Analysis.



The table shows the variance explained by each component in the factor analysis. The initial eigenvalues suggest that four components had values greater than 1, meaning they were significant in explaining the variance. Before rotation, the first component explained a very large share (63.9%) of the variance, while the second, third, and fourth components added 10.1%, 6.6%, and 6.3% respectively, contributing to a cumulative variance of 87.0%. After applying Varimax rotation, the variance was more evenly distributed across the four components: the first factor accounted for 27.7%, the second for 24.8%, the third for 17.5%, and the fourth for 17.1% of the variance. Together, these four components explain 87.0% of the total variance in the data. This high cumulative percentage indicates that the extracted components effectively capture most of the variation in the fruits and vegetables value chain variables, making the factor solution statistically strong and meaningful.
In Summary, all the main issues and strengths of the fruits and vegetables value chain can be grouped into four big themes (factors). These four themes explain about 87% of everything happening in the system, which means the study gives a very reliable picture of the real situation.
[image: ]
Fig 1.	Scree Plot of Eigenvalues for Value Chain Variables

The scree plot displays the eigenvalues against the number of components. A sharp decline is observed from Component 1 (≈ 9.6 eigenvalue) to Component 2 (≈ 1.5 eigenvalue), followed by a gradual leveling-off after the fourth component. According to the Kaiser criterion (eigenvalues > 1) and the visible “elbow” in the plot, four components should be retained for further analysis. These four factors cumulatively explain around 87% of the variance, which aligns with the Total Variance Explained results.
In conclusion, after the fourth component, the curve becomes almost flat, meaning that only the first four components are important. These four main factors are enough to explain most of the patterns in the fruits and vegetables value chain.
Table 6.	Rotated Component Matrix for Value Chain Variables

	Rotated Component Matrixa

	
	Component

	
	1
	2
	3
	4

	Market_Info
	.823
	
	
	

	Fin_Support
	-.816
	
	
	

	Govt_Schemes
	.809
	
	
	

	Trans_Delays
	-.789
	
	
	

	Road_Costs
	-.672
	
	
	

	Middlemen_Role
	
	.893
	
	

	Stor_Losses
	
	.806
	
	

	Export_Potential
	
	.763
	
	

	Refrig_Trans
	
	-.725
	
	

	Coordination
	.513
	-.579
	
	

	Prod_Inputs
	
	
	.878
	

	Cold_Storage
	
	
	.871
	

	Value_Add
	
	
	.649
	.612

	Direct_Market
	
	
	
	.886

	Proc_Units
	
	
	
	.748

	Extraction Method: Principal Component Analysis. 
 Rotation Method: Varimax with Kaiser Normalization.

	a. Rotation converged in 6 iterations.


The rotated component matrix groups the 15 variables into four distinct components, each reflecting a meaningful latent construct in the fruits and vegetables value chain:
· Component 1 – Institutional & Policy Support
High loadings: Market information (0.823), Govt. schemes (0.809), Coordination (0.513), Financial support (-0.816), Transport delays (-0.789), Road costs (-0.672). This factor represents institutional effectiveness and policy-driven support, where access to finance, schemes, infrastructure, and information influence efficiency.
· Component 2 – Market and infrastructure challenges
High loadings: Middlemen role (0.893), Storage losses (0.806), Export potential underutilized (0.763), Refrigerated transport (-0.725), Coordination (-0.579). This reflects market inefficiencies and infrastructural weaknesses, highlighting the dominance of intermediaries, inadequate storage, and weak export linkages.
· [bookmark: _Hlk207113549]Component 3 – Production & Storage Strengths
High loadings: Quality seeds & inputs (0.878), Cold storage (0.871), Value addition (0.649). This factor captures agro-production and storage capabilities, emphasizing the role of inputs, cold chain, and value addition in improving productivity.
· Component 4 – Processing & Market Access
High loadings: Direct market access (0.886), Processing units (0.748), Value addition (0.612). This factor reflects processing and direct market linkages, showing the significance of processing facilities, direct sales, and value addition for farmer profitability.
Together, these four factors explain about 87% of the total variance, confirming a strong latent structure in the value chain. In conclusion, the analysis shows that the fruits and vegetables value chain depends mainly on four big themes:
1. Institutional & Policy Support 
2. Market and infrastructure challenges,
3. Production & Storage Strengths, and
4. Processing with direct market access.

Table 7: Component Transformation Matrix for Value Chain Analysis

	Component Transformation Matrix

	Component
	1
	2
	3
	4

	1
	.607
	-.548
	.385
	.428

	2
	.007
	.560
	.828
	-.038

	3
	-.617
	-.029
	.061
	.784

	4
	.501
	.621
	-.404
	.448

	Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization.


The component transformation matrix presents the correlations among the rotated components after Varimax rotation. The values indicate how the original unrotated factors have been redistributed into a clearer and more interpretable rotated solution. For instance, Component 1 (0.607, –0.548, 0.385, 0.428) shows moderate correlations spread across multiple axes, while Component 2 (0.560, 0.828) is strongly aligned with the rotated structure. Similarly, Component 3 (–0.617, 0.784) and Component 4 (0.621, 0.448) reflect stable redistribution of variance. The important point here is that the transformation matrix is essentially an orthogonal rotation check: it ensures that the rotated components remain uncorrelated while improving interpretability. The near-equal distribution and strong loadings in certain cells confirm that the rotation has achieved a more balanced and meaningful factor structure compared to the unrotated solution.
In simple words, this table shows how the factors were rotated and reorganized to make the results clearer. It confirms that the four main factors we identified are statistically sound, distinct, and easy to interpret for explaining the fruits and vegetables value chain.
DISCUSSION
The findings of this study provide new insights into the fruits and vegetables value chain in Western Maharashtra by applying factor analysis to identify latent structures. The results not only confirm several issues highlighted in earlier research but also offer a consolidated framework for understanding the sector’s strengths and weaknesses. Importantly, the analysis demonstrates that the formulated objectives were successfully tested—key components were identified, their interrelationships examined, and the existence of a significant latent factor structure statistically confirmed.
Hypotheses Testing
The suitability of the data for factor analysis was established through the Kaiser-Meyer-Olkin (KMO = 0.725) measure and Bartlett’s Test of Sphericity (χ² = 2302.616, df = 105, p < 0.001), both of which confirmed strong correlations among variables. The factor analysis extracted four significant components explaining 87% of the total variance. This clearly rejects the null hypothesis (H₀) that no significant latent factor structure exists, and supports the alternative hypothesis (H₁), confirming that a statistically significant latent factor structure underlies the fruits and vegetables value chain. Thus, the study empirically validates the interrelationships across production, storage, transportation, processing, marketing, and export.
· Comparison with Previous Studies
The findings support earlier research, confirming the importance of cold storage, value addition, market information, and processing units in strengthening farmer income (Venkatesh et al., 2021). Institutional support through schemes and coordination echoes Chand and Raju (2009), while the role of direct market access and processing aligns with Kaplinsky and Morris (2001). Together, these validate the interrelationships across production, storage, transport, processing, marketing, and export.
· Strengths and Weaknesses of the Existing Value Chain
Four latent factors emerged: institutional support, market constraints, production–storage strengths, and processing–market access. Strengths include quality seeds, cold storage, value addition, and coordination. Weaknesses remain in poor roads, transport delays, middlemen dominance, and underutilized exports, confirming earlier observations of infrastructural gaps (ISEC, 2023).
· Benefits and Challenges Experienced by Stakeholders
Farmers benefit from better inputs, cold storage, and processing, while traders gain from improved market information and direct access. However, exporters face challenges from storage losses, weak refrigerated transport, and limited global linkages, reflecting structural inefficiencies despite high production.
· Overall Synthesis
Factor analysis confirmed that four components explain 87% of the variance, providing a reliable structure to understand the value chain. The results show strong institutional and production support but highlight critical constraints in infrastructure, finance, and exports. This balance of strengths and weaknesses offers a clear roadmap for targeted policy intervention.
Conclusion
The study examined the fruits and vegetables value chain in Western Maharashtra through descriptive and factor analysis, offering valuable insights into its strengths, weaknesses, and interrelationships. The descriptive results revealed that respondents strongly valued aspects such as quality seeds, cold storage, processing opportunities, direct market access, value addition, and government support, while systemic weaknesses were noted in road connectivity, transport delays, lack of finance for processing, and underutilized export potential. These findings underscore the dual reality of a sector that is rich in production capacity and institutional initiatives but constrained by infrastructural and market bottlenecks.
The factor analysis further strengthened these observations by statistically consolidating the variables into four major latent structures explaining 87% of the total variance. The first factor, Institutional and Policy Support, reflected the role of government schemes, financial access, coordination, and market information. The second, Structural Bottlenecks and Market Constraints, captured the challenges of middlemen dominance, storage losses, export underutilization, and inadequate refrigerated transport. The third, Production and Storage Strengths, highlighted the significance of quality inputs, cold storage, and value addition. The fourth, Processing and Market Access, emphasized the importance of processing units and direct access to markets for ensuring better returns to farmers.
In summary, the study demonstrates that the efficiency of the fruits and vegetables value chain is not determined by isolated components but by the interaction of production, storage, transport, processing, marketing, and export. By identifying these four core factors, the research provides a robust framework for policy and practice aimed at reducing inefficiencies, strengthening infrastructure, and enhancing market integration, thereby improving both farmer welfare and export competitiveness Policy 
Suggestions / Recommendations
Based on the findings and identified latent factors, the following policy suggestions are proposed to strengthen the fruits and vegetables value chain in Western Maharashtra:
· Enhancement of Institutional and Policy Support
Government schemes should be expanded to ensure wider coverage, particularly for small and marginal farmers. Access to affordable credit must be streamlined through simplified documentation, and digital platforms should be promoted to disseminate timely market information. Stronger coordination among farmers, traders, processors, and exporters will enhance transparency and trust within the value chain.
· Strengthening Infrastructure and Reducing Market Constraints
Significant investments are needed to improve rural road connectivity and logistics infrastructure to reduce transport delays and costs. Development of modern storage and cold-chain facilities should be prioritized at the cluster level to minimize post-harvest losses. Policies should also address the dominance of middlemen by promoting regulated market reforms and strengthening farmer-producer organizations (FPOs).
· Boosting Production and Storage Strengths
Ensuring the availability of high-quality seeds, fertilizers, and inputs at subsidized rates can further improve productivity. Incentives for cold storage operators and cooperatives should be introduced to make storage facilities more accessible to farmers. Special focus should be placed on training programs to build farmers’ capacity for post-harvest management and storage practices.
· Promotion of Processing and Market Access
Support should be extended to establish processing units at the district and taluka levels, especially for juice, jam, frozen products, and dehydration facilities. Policies encouraging public-private partnerships in agro-processing can attract investment and technology transfer. Furthermore, enabling farmers to directly access wholesale mandis, retail platforms, and e-marketing systems will reduce dependence on intermediaries and ensure better price realization.
· Revitalizing Export Potential
Export infrastructure must be upgraded by setting up pack houses, quality certification labs, and refrigerated transport corridors linked with ports. Export promotion councils should actively support farmers and traders through capacity-building initiatives and awareness about international quality standards. A state-level horticulture export policy could be framed to integrate production clusters with global markets.
By addressing institutional gaps, improving infrastructure, supporting production and processing, and tapping export opportunities, policymakers can transform the fruits and vegetables value chain into a more efficient, equitable, and globally competitive system.
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