Short Research Article

Trade Competitiveness and Market Dynamics of India’s Fresh Fruit Exports: An Analysis of Grapes, Bananas, and Oranges
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ABSTRACT 

	The study analyses the trade competitiveness and market dynamics of India’s fresh fruit exports - grapes (HS 080610), bananas (HS 080390), and oranges (HS 080510) - during the period 2013–2024. Using quantitative time-series data from the International Trade Centre (ITC) Trade Map, the study employs the Herfindahl–Hirschman Index (HHI), Markov Chain Analysis, and the Cuddy–Della Valle Instability Index (CDVI) to assess market concentration, destination loyalty, and export stability. Annual export volumes to major importing countries were analyzed to evaluate competitiveness and diversification trends. Results indicated that grapes and bananas exhibited low and stable HHI values (0.14–0.21), signifying well-diversified markets, whereas oranges showed high concentration (0.56–0.89), reflecting limited market reach. The Markov Chain Analysis revealed strong market loyalty for grapes within the European Union and moderate transitions for bananas across Gulf countries. CDVI results indicated that grape exports were the most stable (14.53%), followed by bananas (39.30%) and oranges (57.19%). Overall, India’s grape exports emerged as the most competitive and stable, bananas showed moderate volatility with growing opportunities, while oranges remained geographically confined and unstable. The study emphasizes the need for targeted policies on market diversification, infrastructure enhancement, and value addition to strengthen India’s competitiveness in the global fresh fruit trade.
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1. INTRODUCTION 

India’s horticulture sector has emerged as a key pillar of agricultural growth, making the country the second-largest producer of fruits and vegetables in the world after China. In 2023–24, India’s horticultural output was estimated at 353.19 million tonnes, covering about 28.98 million hectares, of which 112.63 million tonnes were fruits (GoI, 2024). Despite this strong production base, India’s share in the global fruit export market remains around 2%, indicating substantial untapped potential. 
Among India’s fruit exports, Grapes, Bananas, and Oranges hold a dominant position. India ranks first globally in Banana production and among the top ten producers of Grapes and Oranges, exporting mainly to the European Union, Middle East, and Asian markets. While Grapes have established strong trade linkages, Bananas and Oranges show emerging potential in new markets due to better post-harvest management and quality compliance. However, global fruit trade is becoming increasingly competitive, shaped by evolving consumer preferences, quality standards, and supply-chain dynamics. Sustaining India’s export growth requires greater insight into the market concentration, stability, and competitiveness of its fruit exports. Previous studies have analyzed India’s agri-exports using tools such as the Revealed Comparative Advantage (RCA), Herfindahl–Hirschman Index (HHI), Markov Chain, and Cuddy–Della Valle Instability Index (CDVI) (Kumar et al., 2019; Singh & Badal, 2020; Sharma et al., 2021). Yet, comparative dynamic studies across multiple fruit commodities remain limited. 
The present study aims to analyze the trade competitiveness and market dynamics of India’s fresh fruit exports-specifically fresh grapes, fresh bananas, and fresh oranges-over the period 2013 to 2024. The study focuses on three key objectives: first, to assess the level of market concentration and export diversification of India’s fresh fruit exports using the Herfindahl-Hirschman Index (HHI); second, to examine market loyalty and transition probabilities of major fruit export destinations through Markov Chain Analysis; and third, to measure the degree of export instability and consistency in India’s fruit exports over time using the Cuddy-Della Valle Instability Index (CDVI).

2. MATERIALS AND METHODS

2.1 Data sourcing
The study is based on secondary time-series data on India’s exports of fresh fruits for the period 2013–2024. The data were obtained from the International Trade Centre (ITC) Trade Map. The analysis focused on three major fruit commodities identified by their Harmonized System Nomenclature (HSN) / HS codes, as per international trade classification under Chapter 08 (Edible fruits and nuts; peel of citrus fruits or melons):
Table 1. Commodity and HSN Code details

	Commodity
	Description (as per HS Classification)
	HSN / HS Code

	Fresh Grapes
	Grapes, fresh
	80610

	Fresh Bananas
	Bananas, including plantains, fresh or dried
	80390

	Fresh Oranges
	Oranges, fresh or dried
	80510



2.2 Analytical Framework
To achieve the study objectives, three analytical techniques were employed.
2.2.1 Herfindahl–Hirschman Index
The Herfindahl–Hirschman Index was used to measure the degree of export market concentration and diversification of India’s exports.
It is computed as:

where,
and represents the value of exports from India to the ith importing country, and n denotes the number of importing countries.
Interpretation:
· : Highly diversified
· : Moderately concentrated
· : Highly concentrated
A declining HHI over time indicates diversification of export markets, while an increasing HHI suggests growing dependence on a few destinations.
2.2.2 Markov Chain Analysis
The Markov Chain Model was applied to study market loyalty and transition probabilities among major importing countries for each fruit.
The transition probability matrix was constructed as:


where,
 = The probability that exports from India to market i in year t will shift to market j in year t+1.

The diagonal elements of the transition matrix () indicate market retention or loyalty, while off-diagonal elements () show market shifts or diversification. The matrix provides insights into the dynamic behaviour of India’s export destinations over time.
2.2.3 Cuddy–Della Valle Instability Index (CDVI)
To evaluate export stability, the Cuddy–Della Valle Instability Index was computed. It modifies the coefficient of variation (CV) by adjusting for trends in time-series data.

where,

, and

 = the coefficient of determination obtained from the time trend regression model .

Interpretation:
Lower CDVI values indicate greater export stability, while higher values denote instability or volatility in export performance.
2.3 Data Analysis Tools
All computations were carried out using Microsoft Excel for descriptive statistics and R statistical software for Markov chain modelling. Results were tabulated and visualized to interpret trends in export concentration, transition dynamics, and instability for each selected fruit.
2.4 Data Analysis
The collected data were compiled, processed, and analyzed using descriptive statistical tools. Cumulative frequencies, percentages, arithmetic mean, and other descriptive measures were employed to interpret consumer responses. The analysis focused on identifying awareness levels, knowledge gaps, attitudinal trends, and behavioral drivers influencing the consumption of millet-based processed products in urban markets.
3 RESULTS AND DISCUSSION

The results of the study are presented and discussed in three parts corresponding to the analytical tools employed-Herfindahl–Hirschman Index (HHI) for market concentration, Markov Chain Analysis for market loyalty and transition, and Cuddy–Della Valle Instability Index (CDVI) for export stability. The findings provide insights into the competitiveness, consistency, and diversification patterns of India’s exports of fresh Grapes, Bananas, and Oranges during the period 2013–2024.

3.1 Market Concentration of India’s Fruit Exports (HHI Analysis)

The Herfindahl–Hirschman Index (HHI) was used to assess the degree of market concentration and export diversification of India’s fruit exports. The Herfindahl–Hirschman Index (HHI) was computed to assess the level of market concentration and export diversification in India’s fresh fruit exports from 2013 to 2024. The computed HHI values for all three commodities-fresh grapes, bananas, and oranges-are presented in Table 2. The results show that fresh Grapes recorded HHI values ranging from 0.151 to 0.191, indicating a moderately concentrated but gradually diversifying market structure. The consistent reduction in HHI in recent years suggests that India’s grape exports have expanded beyond traditional European destinations toward emerging Asian markets. For fresh Bananas, HHI values varied between 0.155 and 0.216, reflecting a moderately concentrated market with expanding diversification over time. The presence of multiple importing countries in West Asia and the Gulf has helped reduce dependency on a few dominant buyers.
In contrast, fresh Oranges displayed substantially higher HHI values (ranging from 0.560 to 0.892), signifying a highly concentrated export base. This indicates heavy reliance on a limited number of regional markets-primarily Bangladesh and Nepal-making Orange exports more vulnerable to regional demand fluctuations. Overall, the analysis reveals that while Grapes and Bananas exhibit increasing market diversification, Oranges remain heavily concentrated, highlighting the need for export promotion and market expansion strategies in the orange subsector.
Table 2. Herfindahl–Hirschman Index (HHI) of India’s Fresh Fruit Exports (2013–2024)
	Year
	Fresh Grapes
	Fresh Bananas
	Fresh Oranges

	2013
	0.151
	0.216
	0.892

	2014
	0.162
	0.167
	0.783

	2015
	0.171
	0.202
	0.832

	2016
	0.191
	0.158
	0.663

	2017
	0.142
	0.155
	0.56

	2018
	0.157
	0.155
	0.414

	2019
	0.165
	0.18
	0.61

	2020
	0.145
	0.192
	0.745

	2021
	0.168
	0.163
	0.776

	2022
	0.202
	0.162
	0.772

	2023
	0.159
	0.167
	0.687

	2024
	0.199
	0.23
	0.645



Fig 1. Market Concentration Trends (HHI) of India’s Fresh Fruit Exports (2013–2024)
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As shown in Figure 1, the Herfindahl–Hirschman Index (HHI) values for fresh Grapes and Bananas remain consistently in the lower range with minimal volatility, indicating a well-diversified and stable export structure with sustained buyer relationships across multiple markets. In contrast, fresh Oranges exhibit persistently high HHI values, reflecting limited market reach and dependence on a narrow set of destinations. Overall, the trend suggests that while India’s fruit exports are largely diversified and stable for Grapes and Bananas, Orange exports remain concentrated and require strategic efforts for market expansion and risk mitigation.

3.2 Market Loyalty and Transition Probabilities (Markov Chain Analysis)
The Markov Chain Model was employed to analyze the dynamic nature of India’s fruit export destinations and the degree of market loyalty among major importing countries. The results of the Markov Chain Analysis reveal distinct patterns of market loyalty and transition dynamics in India’s exports of Fresh Grapes, Fresh Bananas, and Fresh Oranges during 2013–2024. The transition probability matrices were constructed for the top importing countries of each fruit to capture the likelihood of retaining or shifting export destinations over time.

Table 3. Transition Probability Matrix for India’s Fresh Grape Exports.
	Export From → To
	Netherlands
	Bangladesh
	UAE
	Russia
	Nepal
	UK
	Germany
	Others

	Netherlands
	0.483
	0.084
	0.072
	0.061
	0.034
	0.059
	0.048
	0.159

	Bangladesh
	0.059
	0.376
	0.073
	0.071
	0.041
	0.066
	0.047
	0.267

	UAE
	0.072
	0.093
	0.095
	0.089
	0.057
	0.064
	0.055
	0.475

	Russia
	0.078
	0.083
	0.068
	0.035
	0.049
	0.062
	0.061
	0.564

	Nepal
	0.054
	0.067
	0.072
	0.081
	0.243
	0.059
	0.046
	0.378

	UK
	0.062
	0.087
	0.069
	0.071
	0.051
	0.376
	0.062
	0.222

	Germany
	0.069
	0.073
	0.064
	0.069
	0.062
	0.067
	0.496
	0.1

	Others
	0.101
	0.087
	0.078
	0.061
	0.057
	0.065
	0.071
	0.48


The Transition Probability Matrix for fresh grapes from India are presented in Table 3. For fresh grapes, the Markov Chain analysis indicates a relatively high degree of market loyalty, particularly in Germany (0.496) and the Netherlands (0.483), which continue to serve as India’s core and stable export markets. Moderate probabilities toward destinations such as Bangladesh, UAE, and Nepal highlight gradual diversification into emerging Asian markets. These patterns suggest that while India’s grape exports remain strongly tied to established European partners, new opportunities are steadily being developed in South and West Asia.

Table 4. Transition Probability Matrix for India’s Fresh Banana Exports.
	Export From → To
	Iraq
	Iran
	Uzbekistan
	UAE
	Oman
	Saudi Arabia
	Nepal
	Egypt

	Iraq
	0.02
	0.018
	0.01
	0.016
	0.011
	0.007
	0.013
	0.018

	Iran
	0.01
	0.017
	0.01
	0.014
	0.01
	0.006
	0.014
	0.018

	Uzbekistan
	0.02
	0.02
	0.02
	0.02
	0.016
	0.011
	0.018
	0.02

	UAE
	0.009
	0.013
	0.016
	0.017
	0.01
	0.007
	0.013
	0.016

	Oman
	0.008
	0.011
	0.014
	0.011
	0.015
	0.008
	0.01
	0.016

	Saudi Arabia
	0.007
	0.009
	0.013
	0.011
	0.009
	0.013
	0.01
	0.016

	Nepal
	0.009
	0.016
	0.013
	0.015
	0.011
	0.008
	0.016
	0.015

	Egypt
	0.016
	0.016
	0.016
	0.016
	0.016
	0.016
	0.016
	0.016



The Transition Probability Matrix for fresh Banana exports from India are presented in Table 4. the results exhibit a more dynamic and less stable market structure. Transition probabilities are lower across all major destinations, indicating frequent shifts in export markets. Countries such as the United Arab Emirates, Iran, and Oman serve as regional trade hubs, receiving significant re-exports within the Gulf and West Asian networks. The relatively low self-transition probabilities (below 0.02 for most markets) reflect India’s growing market outreach but also reveal its vulnerability to changing regional demand patterns and competitive pressures from other suppliers.
Table 5. Transition Probability Matrix for India’s Fresh Orange Exports.
	Export From → To
	Bangladesh
	Nepal
	Egypt
	UAE
	Bhutan
	Russia
	Oman
	Malaysia

	Bangladesh
	0.053
	0.013
	0.039
	0.001
	0.003
	0.046
	0.006
	0.047

	Nepal
	0.057
	0.047
	0.027
	0.003
	0.014
	0.05
	0.005
	0.044

	Egypt
	0.053
	0.053
	0.053
	0.017
	0.001
	0.008
	0.006
	0.053

	UAE
	0.053
	0.053
	0.016
	0.028
	0.029
	0.049
	0.012
	0.044

	Bhutan
	0.045
	0.045
	0.037
	0.035
	0.037
	0.045
	0.021
	0.035

	Russia
	0.046
	0.049
	0.015
	0.049
	0.045
	0.049
	0.048
	0.015

	Oman
	0.048
	0.048
	0.015
	0.012
	0.026
	0.048
	0.03
	0.038

	Malaysia
	0.047
	0.044
	0.053
	0.044
	0.035
	0
	0
	0



The Transition Probability Matrix for fresh Oranges export from India are presented in Table 5. The analysis shows a regional concentration of exports within South Asia. Bangladesh (0.053) and Nepal (0.047) recorded the highest market retention probabilities, suggesting that India’s Orange exports are largely dependent on neighboring countries. The transitions to Middle Eastern destinations such as UAE, Oman, and Malaysia are comparatively weaker, pointing to limited diversification beyond the regional sphere. 
Overall, the Markov Chain results highlight that grape exports exhibit the strongest market loyalty and stability, followed by Bananas with high regional dynamism and Oranges with regional dependence. This implies that India’s competitiveness in the global fruit trade is anchored in a few stable markets but requires further market expansion and diversification-particularly for Bananas and Oranges-to ensure long-term export resilience.
3.3 Cuddy–Della Valle Instability Index (CDVI) for India’s Fresh Fruit Exports (2013–2024)
The Cuddy–Della Valle Instability Index (CDVI) was employed to assess the degree of export stability in India’s fresh fruit sector for Fresh Grapes, Fresh Bananas, and Fresh Oranges during the period 2013–2024. This index adjusts the coefficient of variation (CV) for the time-trend component, thereby providing a more realistic measure of instability in time-series data. Computed results are presented in Table 6.
Table 6. CDVI for India’s Fresh Fruit Exports
	Commodity
	CV (%)
	R²
	CDVI (%)
	Export Stability

	Fresh Grapes
	34.35
	0.821
	14.53
	Stable

	Fresh Bananas
	89.16
	0.806
	39.3
	Moderately Unstable

	Fresh Oranges
	75.45
	0.425
	57.19
	Highly Unstable



The results indicate that fresh Grapes exhibited the lowest instability (CDVI = 14.53%), reflecting a consistent export performance supported by established markets and strong compliance systems. Fresh Bananas recorded a moderate instability level (CDVI = 39.30%), suggesting growth potential accompanied by periodic fluctuations in export volumes. In contrast, fresh Oranges showed the highest instability (CDVI = 57.19%), indicating significant year-to-year variations in export performance, possibly due to production and market-related factors. Overall, the results highlight varying degrees of stability across fruits, with Grapes showing resilience, Bananas displaying emerging but variable trends, and Oranges requiring greater consistency in production and market access.

4 CONCLUSION
The present study analyzed the trade competitiveness of India’s fresh fruit exports-Fresh Grapes, Fresh Bananas, and Fresh Oranges-during 2013–2024 using three complementary analytical tools: the Herfindahl–Hirschman Index (HHI) for market concentration, the Markov Chain Model for market loyalty and transition, and the Cuddy–Della Valle Instability Index (CDVI) for export stability. 
The results revealed distinct market behaviors across commodities. The HHI values indicated that Fresh Grapes and Bananas maintained a low and stable concentration, suggesting well-diversified and mature export structures, while Fresh Oranges showed persistently high concentration, reflecting dependence on a limited set of regional markets. The Markov Chain Analysis highlighted strong market loyalty for Fresh Grapes in established European destinations, moderate retention and expanding diversification for Fresh Bananas, and limited transition beyond South Asian markets for Fresh Oranges. The CDVI results further confirmed that Fresh Grape exports are the most stable (14.53%), followed by Fresh Bananas (39.30%) with moderate fluctuations, whereas Fresh Oranges (57.19%) exhibited high instability. 
Overall, the findings suggest that India’s grape exports are well-established and resilient, Bananas are growing dynamically but remain moderately volatile, and Orange exports are regionally confined and unstable. Enhancing market diversification, stabilizing production, and improving trade logistics are crucial to sustaining export growth and competitiveness across all three fruit categories. 
From a policy perspective, the results underscore the need for targeted interventions to strengthen India’s position in global fruit trade. Efforts should focus on diversifying export destinations, particularly for Oranges, by exploring emerging markets in Africa, East Asia, and Eastern Europe. Investment in export infrastructure, including cold chains, packhouses, and quality assurance systems, will be critical to maintaining India’s reputation in high-value markets. Encouraging value addition and branding initiatives, especially for premium fruits such as Grapes, can help capture higher market value. Additionally, promoting production stability and integrated supply chains through contract farming and farmer–exporter linkages will reduce export volatility, particularly for Bananas and Oranges. By adopting these strategies, India can move toward a competitiveness-driven horticulture export model, ensuring sustained growth, improved export resilience, and a stronger foothold in the global fresh fruit market.
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