Dynamics of India’s Fresh Mango Exports: Growth Patterns and Market Direction
Abstract
	Mango (Mangifera indica L.), popularly known as the “King of Fruits,” is one of the most important tropical fruits cultivated worldwide. India is the largest producer of mangoes, accounting for nearly 40 per cent of global production. Despite this strong production base, India’s share in the global mango trade remains relatively modest due to factors such as perishability, logistics constraints and strict phyto-sanitary regulations in international markets. The present study examines the growth, instability and direction of India’s fresh mango and mango pulp exports over a period of twenty years (2004–05 to 2023–24). The study is based on secondary data collected from reliable sources such as the Agricultural and Processed Food Products Export Development Authority (APEDA) and the National Mango Database. Analytical tools including Compound Annual Growth Rate (CAGR), Cuddy–Della Valle Instability Index (CDVI) and Markov chain analysis were employed to assess export growth, variability, and trade direction. The results reveal that export quantities of fresh mangoes and mango pulp have shown declining trends, with CAGRs of –5.12 per cent and –2.93 per cent, respectively. However, export values have increased, indicating a shift towards a value-driven export model supported by higher international prices and improved product quality. The Markov chain analysis identified the USA, Oman, and the UAE as relatively stable markets for Indian mango exports. Strengthening supply chains, maintaining quality standards, and expanding export destinations are essential for enhancing India’s competitiveness in the global mango market.
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Introduction
	Mango (Mangifera indica L.), popularly known as the “King of Fruits,” is one of the most widely cultivated and consumed tropical fruits in the world (Tharanathan et al., 2006). Globally, mango production has shown steady growth due to rising consumer demand, improved cultivation practices, and expanding international trade (Evans et al., 2017; Mitra, 2014). In 2023, the world’s total mango production was estimated at about 59 million metric tonnes, with several countries contributing significantly to global output. Among them, India ranks first with about 24 million metric tonnes, followed by China (3.8 million tonnes), Indonesia (3.6 million tonnes), Pakistan (2.7 million tonnes), Mexico (2.4 million tonnes), and Brazil (2.1 million tonnes). Other important producing countries include Malawi (1.7 million tonnes), Thailand (1.6 million tonnes), Bangladesh (1.5 million tonnes), and Vietnam (1.4 million tonnes). Asia dominates global mango production, accounting for nearly 75 percent of the total output, mainly due to favourable agro-climatic conditions and a long tradition of mango cultivation (FAOSTAT, 2023).
	India continues to maintain its position as the largest producer of mangoes, accounting for nearly 40 percent of global production (Thakor, 2019). The country benefits from diverse climatic conditions and extensive cultivation areas, which support the production of a wide range of renowned mango varieties such as Alphonso, Kesar, Dasheri, Banganapalli, and Totapuri, known for their superior taste and quality (Meena et al., 2022). In 2023–24, mango cultivation in India covered about 2.3 million hectares with a production of nearly 24 million tonnes. Mango production in the country is concentrated in several states, with Uttar Pradesh contributing about 23 percent of the national production, followed by Andhra Pradesh (18 %), Karnataka (14 %), Bihar (12 %) and Gujarat (9.5 %). Other important mango-producing states include Tamil Nadu (8.3 %), Maharashtra (7.9 %), West Bengal (6.9 %), Odisha (5 %), and Madhya Pradesh (4.2 %) (Ministry of Agriculture & Farmers Welfare, 2024).
	Despite being the leading producer, India’s share in global mango trade remains relatively modest (Balyan et al., 2015). International trade in mangoes is influenced by the highly perishable nature of the fruit, which makes transportation cost, geographical proximity, and efficient logistics crucial determinants of trade flows (Laguerre et al., 2023; Kailaku et al., 2022; Dewberry, 2020). Consequently, mango trade is often concentrated within regional markets. For instance, North America sources most of its mango imports from Mexico, Haiti, and Brazil due to their geographical proximity and lower transportation costs (Evans et al., 2017; Roberts, 2019). Similarly, West Asian markets are largely supplied by India and Pakistan, while Southeast Asian countries such as the Philippines, Thailand, Indonesia, and Malaysia play a major role in regional trade within Asia. The European Union imports mangoes from both South America and Asia, with major suppliers including Brazil, India, and Pakistan, taking advantage of comparatively less stringent phyto-sanitary regulations compared to the United States market (FAO, 2023).
	Seasonality also plays a significant role in shaping the global mango supply chain. India primarily exports mangoes during May, while Pakistan’s exports peak during June and July (Ahmad et al., 2025; Atiq et al., 2025). In contrast, Brazil supplies mangoes to the European Union during November and December, South Africa from January to April, and Venezuela from April to July, ensuring a continuous global supply throughout the year. Advancements in post-harvest technologies, cold chain infrastructure, and improved logistics systems have further facilitated the expansion of mango trade by reducing losses and improving product quality during transportation (Kaur and Watson, 2024; Monika et al., 2025).
	In the Indian context, mango exports have gained increasing importance as part of the country’s horticultural export basket. With support from institutions such as the Agricultural and Processed Food Products Export Development Authority (APEDA) and the Ministry of Agriculture and Farmers Welfare, India has expanded its export markets in recent years. During 2023–24, India exported about 32,104.09 metric tonnes of fresh mangoes valued at ₹495.46 crore (USD 60.14 million) to various international markets, with major destinations including the United Arab Emirates, United States, United Kingdom, Saudi Arabia, and other West Asian countries (APEDA, 2024). The exports to the United States recorded a growth of about 19 percent in 2023–24 compared to the previous year, reflecting the increasing demand for Indian mango varieties in international markets.
	Although India has a strong production base and significant export potential, the performance of its mango exports has shown considerable fluctuations over time due to factors such as changing international demand, trade policies, sanitary and phytosanitary regulations, and increasing competition from other major exporters like Mexico, Peru, and Thailand. Therefore, analysing the growth patterns and direction of India’s fresh mango exports becomes essential to understand the dynamics of the country’s participation in global mango trade. Such analysis helps identify emerging markets, assess the stability of export growth, and evaluate the geographical distribution of exports across importing countries.
	In this context, the present study attempts to examine the dynamics of India’s fresh mango exports, with a particular focus on analysing the growth patterns and market direction of exports over time. The findings of the study are expected to provide useful insights for policymakers, exporters, and stakeholders in designing strategies to enhance India’s competitiveness and strengthen its position in the global mango market.
Methodology
Data Source
	The present study is primarily based on secondary data sources. For the analysis, time series data covering a period of 20 years from 2004 to 2023 were used to examine the trends in the export of fresh mangoes. The use of long-term time series data helps in understanding the growth pattern, fluctuations, and overall performance of mango exports over time. The study mainly focuses on two important variables, namely export quantity and export value of fresh mangoes. Export quantity represents the physical volume of mango exported, usually measured in metric tonnes, while export value indicates the monetary returns earned from these exports. The required data were collected from reliable sources such as the Agricultural and Processed Food Products Export Development Authority (APEDA) and the National Mango Database, which provide comprehensive and authentic statistics on agricultural exports in India. These sources ensure the accuracy and credibility of the data used for analysis.
Compound Annual Growth Rate
In this study, compound growth rates for the area, production, productivity, and export quantities of Arabica coffee were calculated using an exponential growth function.
                                                                    Y = A Bt
Where,
Y = dependent variable to be estimated (area, production, productivity, export)
A = intercept
B = regression coefficient
t = time variable
The equation will be estimated after transforming as follows
log Y = a + bt
where,
a=Log A
b=Log B
Finally, CAGR can be obtained with the use of relationship:
CAGR = [(antilog of b)-1] x 100
Instability index
The instability analysis was also conducted using the Cuddy Della Valle Index (CDVI) (Cuddy and Della, 1978) for export quantity and value (Rs. crores) realized export from 2004 to 2023 in the study period.
Instability is the deviation from the trend. Researchers have applied the coefficient of variation (CV) in various literature to measure instability. An instability index was calculated to examine the extent of instability in export quantity and export value (Rs. Crores) of export of Indian fresh mangoes.  As the coefficient of variation (CV) alone does not explain suitable trend components of the time series data; the instability index was worked out by applying the Cuddy-Della Valle Index (CDVI), a measure of variability suggested by Cuddy and Della (1978), using the formula:
The co-efficient of variation (CV) was used as the measure of instability as under,
CV (%) = (S.D / Mean) × 100
Instability index was calculated by using the equation given below,
Instability index = CV × [image: ][image: ]1- Adjusted R2
Where, 
If the estimated coefficient of the regression equation is insignificant, then the CV is the instability index. 
  CV: co-efficient of variation.
R2: Adjusted coefficient of determination  
The categorization of instability range as follows:
i) Low instability: 0 > CDVI < 15;
ii) Medium instability: 15 > CDVI < 30; 
iii) High instability: CDVI >30
Markov Chain analysis
Export data from the period 2013-14 to 2022-23 were utilized to examine the trade direction and the changing patterns of coffee exports and imports. The direction of trade for commodity exports and imports was analyzed using the first-order Markov chain approach. A key component of Markov chain analysis is the estimation of the transitional probability matrix, denoted as P. The elements Pij within matrix P represent the probability that exports will shift from country i to country j over time. The diagonal elements of this matrix measure the likelihood that a country will retain its export share, providing insight into an importing country’s loyalty to a specific exporter. In this analysis, structural changes were considered a random process involving selected importing countries. The average exports to a particular country were treated as a random variable that depends solely on the historical exports to that country, which can be expressed algebraically as 
rEjt = Σ Eit−1*Pij+ejt
                                                                     i=1
Where,
Ejt - Exports from India to jth country during the year t.
Eit-1 - Exports to ith country during the period t-1
Pij - Probability that the exports will shift from ith country to jth country.
ejt - The error term which is statistically independent of Eit-1.
t - Number of years considered for the analysis
r - Number of importing countries
The transitional probabilities Pij which can be arranged in a (c* r) matrix have the following properties.
O ≤ Pij ≤ 1
ΣPij =1 for all i
i=1
	The expected export shares for each country during period ‘t’ were calculated by multiplying the exports to these countries in the previous period (t-1) by the transitional probability matrix. To estimate the transitional probabilities in the Markov chain model, the Minimum Absolute Deviations (MAD) estimation method was used, which minimizes the sum of absolute deviations. This was achieved through a conventional linear programming approach, ensuring that the estimates met the requirements of non-negativity restrictions and row sum constraints inherent in transitional probabilities.
The linear programming formulation is stated as
		Min OP*+Ie
Subject to,
		XP*+V=Y
		GP*=1
Where,
O is the vector of zeroes.
P* is the vector in which probability Pij are arranged.
I is an apparently dimensioned vector of area.
E is a vector of absolute error (1 U 1).
Y is the vector of export to each country.
X is the block diagonal matrix of lagged values of Y.
V is the vector of errors.
G is the grouping matrix to add the row elements of P arranged in P* to unity.
	By using the estimated transition probabilities, mango exports to different destinations were forecasted by multiplying these probabilities with the respective shares of the base year. The values within the transition probability matrix have various interpretations: the diagonal elements represent the likelihood of retaining the previous year's export values; the values in each column show the probability of a country gaining export share from other countries; and the values in each row indicate the probability that a country might lose its export share to other countries for a specific commodity.
Results and Discussion
Trends in fresh Mango exports from India
	The Table 1 and Fig. 1 indicated that the trends in export quantity (MT) and export value (Rs. crore) of fresh mangoes from India over a 20-year period (2004–05 to 2023–24). The results show that while export quantities fluctuated considerably, the export value exhibited a strong upward trend, indicating improved price realization and growing international demand.
	During the initial period (2004–05 to 2008–09), mango exports showed a rising trend in quantity from 53,480 MT in 2004–05 to 83,703 MT in 2008–09, the highest level recorded during the early years of the study. This increase can be attributed to expansion in export markets, better post-harvest handling, and promotion initiatives by export agencies such as the Agricultural and Processed Food Products Export Development Authority (APEDA). At the same time, export value also increased from Rs. 89.61 crore to Rs. 170.71 crore, reflecting improved demand in international markets. However, between 2009–10 and 2015–16, export quantity showed a gradual decline, falling to 36,779 MT in 2015–16. This decline due to the fluctuations in domestic production, climatic variability affecting mango yields, pest and disease incidence, and stricter quality and phytosanitary standards imposed by importing countries. Despite the decline in quantity, export value continued to increase steadily, reaching Rs. 320.64 crore in 2015–16, due to the higher unit export prices and increased demand for premium varieties such as Alphonso and Kesar in global markets.
Table 1: Trends in fresh Mango exports from India 
	Year
	Quantity (MT)
	Value (Rs. Crore)

	2004-05
	53480.02
	89.61

	2005-06
	69606.6
	128.11

	2006-07
	79060.88
	141.94

	2007-08
	54350.8
	127.42

	2008-09
	83703.18
	170.71

	2009-10
	74460.61
	200.54

	2010-11
	58863.41
	164.84

	2011-12
	63441.29
	209.74

	2012-13
	55584.99
	264.72

	2013-14
	41279.97
	285.43

	2014-15
	42998.33
	302.54

	2015-16
	36779.26
	320.64

	2016-17
	52761.00
	443.66

	2017-18
	49180.48
	382.34

	2018-19
	46510.22
	406.5

	2019-20
	49658.68
	400.21

	2020-21
	21033.56
	271.88

	2021-22
	27872.77
	327.45

	2022-23
	22963.76
	378.49

	2023-24
	32104.09
	495.46




















Fig. 1: Trends in fresh Mango exports from India

	A temporary recovery in export quantity was observed in 2016–17 (52,761 MT) along with a sharp rise in export value to Rs. 443.66 crore. This improvement could be linked to better production conditions and increased access to international markets. However, the most significant decline occurred in 2020–21, when export quantity dropped drastically to 21,033 MT, mainly due to global trade disruptions, logistics constraints, and reduced air cargo movement during the COVID-19 pandemic. According to several trade reports, pandemic-related restrictions severely affected the export of perishable commodities such as fruits.
	Although export quantity remained relatively low after 2020, export value continued to increase, reaching Rs. 495.46 crore in 2023–24, the highest during the study period. This indicates strong international demand, better price realization, improvements in quality standards, and expansion of Indian mango exports to high-value markets such as the Middle East, the United Kingdom, the United States, and European countries. 
	The analysis indicates that India’s mango export earnings have increased significantly despite fluctuations in export volume. This indicated that the improved quality, higher international prices, diversification of export destinations, and better export infrastructure have contributed to strengthening India’s competitiveness in the global mango market. The results revealed that the importance of enhancing supply chain efficiency, maintaining quality standards, and expanding export markets to further boost India’s fresh mango exports.

Trends in Mango pulp exports from India 

	The Table 2 indicates the trends in India's mango pulp exports over a period of two decades, from 2004-05 to 2023-24. The quantity of mango pulp exported (in metric tons) and the total export value (in crores of rupees). A compound annual growth rate (CAGR) of -2.93 per cent for quantity and 3.34 per cent for value indicates contrasting trends over the years.
	From 2004-05 to 2023-24, the quantity of mango pulp exports fluctuated but overall showed a declining trend, decreasing from 95,857 MT in 2004-05 to 60,900 MT in 2023-24. However, during the same period, the export value increased steadily, with some fluctuations, from  ₹ 315.72 crores to a high of ₹ 1189.66 crores in 2022-23, before falling slightly to ₹624.29 crores in 2023-24. This indicates that although the volume of exports is shrinking, the value per unit of export is increasing, likely due to higher prices and the appreciation of mango pulp in international markets.
	The period from 2004-05 to 2009-10 saw a consistent increase in the quantity of exports, peaking at 186,197 MT in 2009-10. After 2010-11, the trend began to reverse, with the quantity of exports gradually declining. By 2019-20, the quantity dropped to its lowest point during the period (85,725 MT). In the years 2020-21 and 2021-22, export quantities recovered slightly but then dropped again to 109,501 MT in 2022-23, and reached a significant low of 60,900 MT in 2023-24.
	Despite fluctuations in quantity, the value of exports grew steadily, particularly after 2008-09, when the value reached ₹ 752.99 crores. The value continued to increase, reaching its peak at ₹1189.66 crores in 2022-23. This growth in value, despite decreasing quantities, can be attributed to factors such as: Higher global demand for Indian mango pulp in premium markets. Improved quality and the possible shift to more value-added mango pulp products. Price inflation for agricultural products and favourable currency exchange rates, which boosted the value of exports in rupee terms. The data also suggests that external factors such as global economic conditions, market disruptions, and possibly the COVID-19 pandemic impacted the export volumes.	


Table 2: Trends in Mango pulp exports from India 

	Year
	Quantity (MT)
	Value (Rs. Crore)

	2004-05
	95857
	315.72

	2005-06
	134613.2
	364.24

	2006-07
	156835.51
	505.83

	2007-08
	166752.17
	509.69

	2008-09
	173013.6
	752.99

	2009-10
	186197.85
	744.61

	2010-11
	170219.72
	818.93

	2011-12
	150499.06
	620.83

	2012-13
	147815.69
	608.56

	2013-14
	174860.33
	772.95

	2014-15
	154820.66
	841.39

	2015-16
	128866.01
	796.18

	2016-17
	130886.07
	846.02

	2017-18
	110923.73
	673.92

	2018-19
	105873.22
	657.67

	2019-20
	85725.57
	584.32

	2020-21
	98369.75
	714.41

	2021-22
	123476.71
	924.54

	2022-23
	109501.38
	1189.66

	2023-24
	60900.21
	624.29

	CAGR
	-2.93
	3.34
















			

		Fig. 2: Trends in Mango pulp exports from India

	The overall trends indicate that India's mango pulp export market is transitioning from a volume-driven to a value-driven export model. While the quantity of exports has been on a downward trajectory (CAGR of -2.93 %), the value of these exports has increased at a steady rate (CAGR of 3.34 %), reflecting a rise in global demand for Indian mango pulp or higher prices in international markets. This could be due to improvements in product quality, price increases, or favourable currency exchange rates. Moving forward, India may focus on strengthening its market position by continuing to export higher-quality or value-added products, which fetch higher prices. However, the significant drop in export quantity in 2023-24 calls for an examination of the underlying causes, whether due to production challenges, supply chain issues, or market disruptions. Addressing these challenges would be crucial for sustaining the positive growth in export value.

Compound annual growth rate and Instability of fresh mango and mango pulp export from India
	The table 3 indicates that the compound annual growth rate (CAGR) and the instability of India's fresh mango and mango pulp exports, using several statistical measures: mean, standard deviation (SD), coefficient of variation (CV %), and Cuddy Della Vella Instability Index (CDVI). These metrics help assess both the growth and the volatility of export quantities and values over time.
[bookmark: _GoBack]	The CAGR for fresh mango exports shows a decline of -5.12 per cent in quantity, while the value of exports grew by 7.75 per cent. This indicated that while fewer fresh mangoes are being exported, the revenue from these exports has increased significantly, likely due to higher per-unit prices or better access to premium markets. For mango pulp, the quantity exported declined at a lower rate of -2.93 per cent, while its export value grew at a moderate rate of 3.34 per cent. This reflects a similar pattern, where export volumes are declining but revenue is rising, though at a slower pace than for fresh mangoes.
	The mean export quantity for fresh mangoes is 50,784.70 MT with an average value of ₹275.61 crores, whereas the mean export quantity for mango pulp is much higher, at 133,300.37 MT, with an average value of ₹693.34 crores. This suggests that India exports a significantly larger volume of mango pulp compared to fresh mangoes, and the value of mango pulp exports is also substantially higher. The SD for fresh mango exports in terms of quantity is 17,729.93 MT, with a value of ₹118.39 crores, indicating a relatively high level of fluctuation from the mean. For mango pulp, the SD is higher for quantity (34,165.59 MT) but moderate for value (₹196.67 crores). This reflects more significant fluctuations in the volume of mango pulp exports compared to fresh mangoes, while the fluctuations in value are somewhat comparable.
	The CV measures the relative variability of the exported quantity and value. Fresh mango exports show higher volatility in value (42.96 %) than in quantity (34.91 %), indicating that the value of fresh mango exports is more unstable over time. For mango pulp, the CV for both quantity (25.63 %) and value (28.37 %) is lower, indicating relatively more stability compared to fresh mangoes.
	The CDVI measures the instability of exported quantity and value from India. Fresh mango exports both quantity and value exhibited medium level of instability 20.85 and 17.83, respectively.  While mango pulp exports show same pattern, both quantity and value showed medium level of instability 20.19 and 21.95, respectively. These values indicate that while both product categories face moderate instability, the fluctuations in mango pulp exports are marginally higher in terms of value.
	Both fresh mango and mango pulp exports from India have experienced declining quantities, with fresh mango exports declining at a faster rate than mango pulp. However, export values have increased, particularly for fresh mangoes (7.75 % CAGR), indicating that even with reduced export volumes, revenue from these exports has grown due to higher pricing or value-added products. Mango pulp exports, while more stable than fresh mangoes, still show moderate volatility, especially in terms of quantity. Given that mango pulp exports have a higher mean value and quantity, they contribute more significantly to India's overall mango export revenue.

Table 3: Compound annual growth rate and Instability of fresh mango and mango pulp export from India
	Particulars
	Fresh Mangoes
	Mango pulp

	
	Quantity (MT)
	Value (Rs. Crore)
	Quantity (MT)
	Value (Rs. Crore)

	CAGR
	-5.12
	7.75
	-2.93
	3.34

	Mean
	50784.70
	275.61
	133300.37
	693.34

	SD
	17729.93
	118.39
	34165.59
	196.67

	CV (%)
	34.91
	42.96
	25.63
	28.37

	CDVI
	20.85
	17.83
	20.19
	21.95



Direction of Indian Fresh Mango Export
	The elements in the columns of the Transitional Probability Matrix (TPM) represent the extent to which a country gains trade from its competitors, while the values in the row indicates loss of trade to the its competitors and the diagonal elements indicate the likelihood that a country retains its trade volume from the previous year.
	The transitional Probability matrix of India’s fresh mangoes export has been presented in the Table 2. The mangoes, were being exported to around 50 different countries from India. Among them, key destinations for export are the UAE, UK, USA, Kuwait, Qatar, Canada, and Oman which together held the share of around 81.25 per cent of total fresh mangoes exported from India in 2023. The remaining importers are grouped into a category named "Others".
	 It is observed from the table 2 that, Oman is the most stable importer of the mangoes as the probability that Oman retained its original share from previous year was 83.44 per cent. They lost their share of about 16.56 per cent to Qatar and gained from other countries group 2.26 per cent.
	UAE was another stable importer of fresh mangoes as it retained 44.56 per cent of its share from previous year by losing 35.47 per cent to other countries, Qatar (10.35 %) and UK (9.62 %). Even though it gained considerable share from Other countries (88.49 %), Qatar (78.50 %), UK (38.40 %), Canada (35.14 %) and USA (35.04 %).
	The most unstable markets among the importing countries were Kuwait, Canada and other countries with the zero per cent retention and UK (39.72 %), and USA (0.08 %) retention of total exports from India. Considering the results of the Transitional probability matrix of fresh mangoes, Oman regarded as the most reliable market destination for the export of India’s fresh mangoes, followed by UAE, UK and USA.
	The findings are consistent with those of Sharma and Shilpa (2021); Madhu et al., 2024; Kumar et al. (2007) reported contrasting results, identifying six major countries UAE, Saudi Arabia, Bangladesh, UK, Bahrain, and Nepal as key importers of mangoes. Bangladesh, in particular, was found to be a stable importer of Indian fresh mangoes, maintaining its original market share of approximately 39 per cent during the period from 2000 to 2012.
Direction of Indian Fresh Mango Export in terms of value (USD)
	The pattern of fresh mango exports from India to various global markets was examined using a Markov-chain analysis by constructing a transition probability matrix based on six years of export value data. This matrix, presented in Table 4, provides insights into the dynamics of India's fresh mango exports between 2018 and 2023.
	The analysis revealed that the USA was the most consistent and stable importer of Indian fresh mangoes. The probability of the USA maintaining its market share from the previous year was 67.66 per cent. However, the USA experienced a shift in its market composition, losing 32.34 per cent of its share to the UK, while gaining significant shares from Canada (100 %) and Kuwait (80.63 %). This stability and market retention indicate the strong demand for Indian mangoes in the US market, bolstered by favourable economic factors, such as the relative appreciation of the US dollar against other currencies.
	Similarly, Oman emerged as another stable market, retaining 54.40 per cent of its mango import share from the previous year, though it lost 45.60 per cent of its share to the UK. Oman managed to increase its imports by gaining 7.60 per cent from other countries and 3.29 per cent from its internal market dynamics, reinforcing its position as a key importer. In contrast, the most volatile and unstable markets for Indian mango exports were the UK, Kuwait, Qatar, Canada, and several other smaller markets, all of which showed zero retention of their previous year’s market share. The UAE retained 41.24 per cent of its share, making it a moderately stable destination.



	



Table 4: Transitional Probability matrix of Fresh Mangoes export (quantity) from India to world (2014-2023)
	 
	UAE
	U K
	U S A
	Kuwait
	Qatar
	Canada
	Oman
	Others

	UAE
	0.4456
	0.0962
	0.0000
	0.0000
	0.1035
	0.0000
	0.0000
	0.3547

	U K
	0.3840
	0.3972
	0.0000
	0.2188
	0.0000
	0.0000
	0.0000
	0.0000

	U S A
	0.3504
	0.6488
	0.0008
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	Kuwait
	0.0000
	0.4094
	0.1545
	0.0000
	0.0000
	0.4361
	0.0000
	0.0000

	Qatar
	0.7850
	0.0000
	0.2150
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	Canada
	0.3514
	0.0000
	0.4744
	0.1742
	0.0000
	0.0000
	0.0000
	0.0000

	Oman
	0.0000
	0.0000
	0.0000
	0.0000
	0.1656
	0.0000
	0.8344
	0.0000

	Others
	0.8849
	0.0674
	0.0000
	0.0091
	0.0161
	0.0000
	0.0226
	0.0000



Table 5: Transitional Probability matrix of Fresh Mangoes export (Value) from India (2014-2023)
	 
	UAE
	U K
	U S A
	Kuwait
	Qatar
	Canada
	Oman
	Others

	UAE
	0.4124
	0.2819
	0.0000
	0.0210
	0.0502
	0.0000
	0.0329
	0.2016

	U K
	0.6848
	0.0000
	0.0000
	0.1257
	0.1895
	0.0000
	0.0000
	0.0000

	U S A
	0.0000
	0.3234
	0.6766
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	Kuwait
	0.0000
	0.0000
	0.8063
	0.0000
	0.0000
	0.1937
	0.0000
	0.0000

	Qatar
	0.2880
	0.0000
	0.0000
	0.2515
	0.0000
	0.1376
	0.0000
	0.3229

	Canada
	0.0000
	0.0000
	1.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	Oman
	0.0000
	0.4560
	0.0000
	0.0000
	0.0000
	0.0000
	0.5440
	0.0000

	Others
	0.7758
	0.0529
	0.0000
	0.0000
	0.0954
	0.0000
	0.0760
	0.0000



	The findings from the transition probability matrix, when considering export value in USD, highlight the USA as the most reliable market for Indian mango exports. This reliability can be attributed to both market demand and the strengthening of the US dollar, which enhances the value of exports in USD. Oman and the UAE also stand out as important and stable markets, although with relatively lower retention compared to the USA. 
Conclusion
	The analysis of fresh mango and mango pulp exports from India during the period 2004–05 to 2023–24 highlights significant changes in the export performance of the mango sector. The results indicate that although export quantities of both fresh mangoes and mango pulp have fluctuated and generally declined over time, the export value has shown a consistent upward trend. Fresh mango exports recorded a negative compound annual growth rate (CAGR) of –5.12 per cent in quantity, while export value increased significantly at 7.75 per cent per annum. Similarly, mango pulp exports showed a decline in quantity with a CAGR of –2.93 per cent, whereas the export value grew moderately at 3.34 per cent. These results suggest that India’s mango export sector is increasingly becoming value-driven rather than volume-driven, supported by higher international prices, improved product quality, and growing demand in premium markets. The instability analysis revealed a moderate level of variability in both fresh mango and mango pulp exports, indicating fluctuations in export quantities and values due to production variability, market conditions, and external shocks such as the COVID-19 pandemic. The Markov chain analysis further showed that Oman, the UAE, and the USA are relatively stable and reliable markets for Indian mango exports. Strengthening export infrastructure, improving supply chain efficiency, and promoting value-added mango products will be essential for sustaining India’s competitiveness in the global mango market.
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