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Abstract
India is the world’s largest mango producer, contributing approximately 22.40 million tonnes in 2023, which represents more than 40% of the total global production. Yet, a review of studies published between 1997 and 2025 indicates the country suffers substantial total post-harvest losses (PHL), estimated at a devastating 25-30% of the annual output. This wastage is compounded across the supply chain, with average stage-wise losses reported as 4-8% during harvesting, 5-8.5% in transportation, 3.5-5.7% in storage, and 5-15% at the final retail stage. This study employs a narrative synthesis approach, consolidating evidence from government reports, publications from various organisations, and peer-reviewed literature to map the distribution of these losses and identify current intervention strategies. The major causes include manual harvesting without proper tools, mechanical injuries, poor packaging, inadequate cold-chain infrastructure, and fragmented marketing systems. The review highlights key interventions to reduce these losses, such as scientific harvesting tools that lower farm-level losses to 3-5%, ventilated plastic crates reducing transit damage to 2-3%, pre-cooling and cold storage at 2-3°C with 90-95% RH, and ethylene-based ripening chambers ensuring uniform quality. Policy recommendations include strengthening Farmer-Producer Organisations (FPOs), increasing investment in packhouses, ripening facilities, and cold-chain infrastructure, implementing quality grading and traceability standards, and leveraging government schemes such as MIDH and PMFME to strengthen packhouses, ripening facilities, and cold-chain infrastructure. Adopting an integrated approach that combines technology, farmer capacity-building, institutional coordination, and infrastructure development is critical not only for reducing mango post-harvest losses but, crucially, for boosting net incomes for small and marginal farmers and ensuring higher quality standards for processors, thereby enhancing India’s market competitiveness.
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Introduction
	Agriculture has always been the backbone of the Indian economy, as it provides employment and income to a large section of the population, supplies food, raw materials, and exports. Even though the share of agriculture in the gross value added of the country has been declining with the growth of other sectors, it still contributes around 18.2 per cent to the national income, and nearly 42.3 per cent of the workforce depends on it for their livelihood (Ministry of Finance, 2024). Over the past two decades, horticulture has become one of the fastest-growing sectors of Indian agriculture (Chauhan et al., 2022). Fruits and vegetables, flowers, spices and plantation crops now contribute about 33 per cent of the agricultural output of the country while they occupy less than one-fifth of the cropped area (Department of Agriculture and Farmers Welfare, 2022). This shows that horticulture is more remunerative for farmers and is also important from the point of view of nutrition, value addition and export.
	Mango occupies a uniquely prominent place in Indian agriculture and dietary culture. Widely celebrated as the “king of fruits”, mango is cultivated in over 100 countries, yet India remains the world’s largest producer by a significant margin. According to the Food and Agriculture Organisation, global mango production in 2022 stood at approximately 61.11 million tonnes, with India alone contributing about 26.23 million tonnes, amounting to nearly 40 per cent of the global total mango production. In India, horticultural production reached an estimated 353.19 million tonnes in 2023-24 (Second Advance Estimates), out of which fruit production accounted for around 112.7 million tonnes, or roughly 32 per cent of total horticultural output. Mango alone constituted about 23 per cent of this fruit production, underscoring its central role not only in volume but also in terms of economic value, livelihood generation, and export potential. Major mango-producing states include Andhra Pradesh, Uttar Pradesh, Maharashtra, Karnataka, and Gujarat, with Andhra Pradesh and Uttar Pradesh together accounting for nearly 40 per cent of national mango output. Despite this vast production, India exported only about 111.8 thousand tonnes of mangoes in 2023, valued at approximately USD 154 million, placing it sixth globally by value and eighth by volume in mango exports (ITC Trade Map, 2024). This is a relatively small share considering India’s production dominance, reflecting both the strength of domestic demand and the infrastructural limitations that restrict export competitiveness.
	Despite high production, mangoes often fail to reach consumers in optimal condition due to their perishable nature and the multiple post-harvest stages involved, such as harvesting, sorting, packaging, storage, and marketing. Studies report post-harvest losses ranging from 20 to 30 per cent of total mango production in India, equivalent to 5-7 million tonnes annually (Patil et al., 2023). These losses are attributed to factors like manual harvesting without tools, use of non-ventilated baskets, poor storage and transport facilities, and prolonged supply chains involving several intermediaries (FAO, 2018).
	While export-oriented supply chains tend to have better infrastructure and quality control systems, domestic channels suffer from low investment in cold chains, packhouses, and scientific handling. Consequently, farmers face reduced incomes, processors deal with inconsistent raw material supply, and consumers pay more for suboptimal fruit. These inefficiencies are widespread across major mango-producing states and persist despite gains in productivity and varietal improvements.
	Keeping these issues in view, this review paper brings together existing research to examine the extent and causes of post-harvest losses in mango supply chains in India. It outlines how mangoes move from farm to market, presents data on losses at different stages and across states, identifies infrastructural and institutional gaps, and summarises recommended strategies to reduce wastage. The objective is to support evidence-based interventions by stakeholders seeking to improve the efficiency and sustainability of the mango value chain.
Review of Literature
Mango supply chain
	The supply chain of mangoes in India typically operates through two main systems: an export-oriented chain and a domestic market chain. The export chain is comparatively organised and starts with farmers who are registered with the Agricultural and Processed Food Products Export Development Authority (APEDA). Only the higher grades of fruit that meet stringent sanitary and phytosanitary standards are procured for export. These mangoes undergo field inspection, quality testing, and certification, and are then cleaned, graded, packed and transported under cold chain conditions to export markets. This structure involves fewer intermediaries and strict quality control, which results in lower post-harvest losses. The domestic chain handles all other grades of mango and is longer and more fragmented. Farmers and Farmer-Producer Organisations (FPOs) supply mangoes to wholesale markets where licensed traders purchase through auctions and sell to retailers, supermarkets, restaurants, processors and vendors. Alternative domestic channels include direct sales from farmers to retailers, farmer-to-consumer marketing (through farm sales and local markets), and direct supply to processors for juice and pulp industries. In these domestic chains, repeated handling, traditional packaging, transport without ventilation, absence of pre-cooling, and lack of ripening chambers lead to high losses. Studies show that pre-harvest factors such as weather variations, pests, spongy tissue and fruit flies account for about 30-35 per cent of losses, while post-harvest factors like mechanical injuries, rough handling, long transport and poor infrastructure account for 15-20 per cent of losses (Patil et al., 2023). Domestic chains, therefore, face much higher quantitative and qualitative losses compared to the well-structured export chains.
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Figure 1: Marketing channels in the supply chain of mango
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Figure 2: Export supply chain of mango
Post-harvest losses in mango supply chains
	Mangoes experience significant quantitative and qualitative losses from harvest to final consumption. These losses occur at multiple stages, including harvesting, sorting, packaging, transport, storage, retailing, and ripening due to mechanical injuries, inadequate infrastructure, biological deterioration, and traditional handling practices. Estimates from various studies suggest that post-harvest losses in India range from 18% to over 34%, depending on region, variety, infrastructure, and market access. A comparison of key studies is summarised below, highlighting the losses at various stages.
The consolidated estimates from multiple studies demonstrate that post-harvest losses in mango are not confined to a single stage but accumulate throughout the supply chain. Farm-level operations alone account for a substantial proportion of the total, and when combined with losses during transport, wholesale, ripening, storage, and retailing, the cumulative figure in some studies exceeds one-third of production (Jha et al., 2016; Srinivas et al., 1997). Notably, ripening and retail stages, often neglected in earlier surveys, represent a considerable share of the overall loss and therefore warrant systematic inclusion in assessments. Evidence also suggests wide regional and varietal variation, with losses ranging from less than 5% in certain orchards managed with scientific practices to more than 15% in unorganised marketing chains (Savaria et al., 2020; Gurjar et al., 2017). These variations highlight both the scale of the challenge and the potential for reduction through targeted interventions.
Table 1: Stage-wise mango post-harvest losses and intervention points
	Study
	Stages studied with losses (%)
	Total loss (%)

	Srinivas et al. (1997)
	Banganpalli 
(Andhra Pradesh & Karnataka)
	Farm (3.5%), Transit (1.9%), Storage (4.9%), Retail (4.1%), Other (5.4%)  
	19.8

	
	Alphonso
	Farm (1.9%), Transit (3.7%), Storage (3.5%), Retail (5.3%)
	14.4

	
	Vijaywada (AP)
	Field after sorting/grading (15.59%), Wholesale (8.89%), Retail (5.24%) – Economic contribution only 21.72%
	29.72

	
	Totapuri 
(Karnataka & Andhra Pradesh)
	Field (2.2%), Wholesale (5.13%), Processor level (11.14%
	18.5

	Gajanana et al. (2002)
	Harvesting (2.2%), Grading (5.13%), Transport (5.13%), Wholesale (5.0%), Ripening (11.14%)
	18.5–27.42

	ICAR-CIPHET (2012)
	Harvesting (4.11%), Collection (0.68%), Sorting/Grading (2.80%), Packaging (0.51%), Transport (2.53%), Farm storage (0.06%), Wholesalers (0.92%), Retailers (0.93%), Processing (0.19%)
	12.74

	Savaria et al. (2020)
	Harvesting (4.42%), Grading (2.46%), Transport (6.21%), Retail (5.19%), Wholesaler level (4.42%), Retailer level (6.95%)
	18.28

	Gurjar et al. (2017)
	Harvesting (8.17%), Grading (6.42%), Transport (8.42%), Wholesale (2.83–2.94%), Processing (10–12%), Ripening level (13.62%)
	19.27–20.63

	Moula Sab et al. (2017)
	Farm level (8.44), Wholesale including transportation (4.93%), Storage (5.65%), Retailer level (5.46), Processing units (3.19%), Consumer level (6.28)
	34.49

	FAO (2018)
	Harvesting and Sorting (12% for processing and 20% fresh), Collection centre (0.5–10%), Processors (3–6% in ripening chambers)
	–

	Patil et al. (2023)
	Harvesting (3–5% with modern techniques), Mechanical (12%), Chilling injury (5%), Transport (8%), Wholesale (5–8%), Retail (12–15%), Ripening (5–15%)
	25–30

	Pundir et al. (2025)
	Sorting and grading at farm-level (2.5%), Pre-harvest contractors (4.5%), Wholesaler (4.35%), Retail (8.09%)
	19.44

	Yusuf Ali et al. (2019)
	Farm level: 7.04%, Wholesale/transport: 4.70% Retail: 3.66%, Storage: 3.50%, Processing: 3.11%, Consumer: 3.50%
	25.51


Causes and interventions for post-harvest losses across supply chain stages
Pre-harvest (field level)
Poor orchard hygiene, fruit fly infestation, and weather fluctuations predispose mangoes to spoilage and uneven ripening. Inputs such as fertilisers and growth regulators also affect fruit physiology and keeping quality. Integrated orchard sanitation, fruit-fly management through baiting and trapping, and adherence to varietal maturity indices are recommended to minimise such losses (Directorate of Marketing & Inspection [DMI], 2013; FAO, 2018).
Harvest
Mechanical injury from “shake-and-drop” or “throw-and-catch” methods, premature harvest, and latex burn from improper desapping contribute heavily to orchard-level losses. Studies show that using pole-mounted cutters with fruit-catching nets, harvesting at optimum maturity, and gentle de-sapping under shade can reduce orchard losses to 3–5%, compared to 8–10% under traditional practices (Patil et al., 2023; FAO, 2018).
On-farm handling and packhouse
Rough handling during collection and sorting, unhygienic packhouse conditions, untreated wash water, and lack of pre-cooling increase microbial contamination and spoilage. Interventions include the use of chlorinated wash water, strict sanitation, rapid pre-cooling to remove field heat, and training of workers in careful handling (DMI, 2013).
Packaging and loading
Traditional bamboo baskets and sacks cause compression injuries, poor ventilation, and cross-contamination. Overfilling and poor cushioning further aggravate losses. Replacement with ventilated plastic crates, proper stack height, and dunnage materials significantly reduces damage, lowering transit losses from 10-15% to 2-3% (FAO, 2018; Patil et al., 2023).
Transport and distribution
In India, long hauls on poor roads, non-ventilated trucks, and repeated loading/unloading cause severe losses. Heat build-up during transit accelerates ripening and microbial spoilage. The use of refrigerated or ventilated trucks, route optimisation, crate-based loading, and continuity of the cold chain can minimise these losses (Patil et al., 2023; DMI, 2013).
Storage and cold chain
Lack of cold storage access, high storage temperatures, and inadequate humidity management lead to shrivelling, decay, and reduced shelf life. Prompt pre-cooling followed by cold storage at 2-3 °C with 90-95% relative humidity, or at 10 °C for short-term storage, has been shown to slow ripening and extend shelf life (DMI, 2013; FAO, 2018).
Ripening
Ad-hoc ethylene exposure, mixing of fruit lots, and lack of ripening chambers result in uneven ripening and excessive wastage at peak season. Calibrated ethylene application (1-10 ppm at 20-25 °C and ~90% RH) in ripening chambers ensures uniformity, while shelf-life extension technologies such as hexanal sprays allow staggered harvest and marketing, reducing glut-driven losses (Subramanian et al., 2013; DMI, 2013).
Wholesale and retail
Floor-level trading, excessive re-sorting, lack of shade, poor hygiene, and rough consumer handling result in retail losses of up to 12-15%. Raised platforms, shaded or cooled display areas, market-level grading standards, and FPO-managed micro-packhouses can reduce these losses substantially (FAO, 2018; Patil et al., 2023).
Processor interface (processing varieties such as Totapuri)
Indirect procurement through wholesale markets leads to multiple handling steps and delays before fruits reach processors, causing high pre-processing losses. Direct farmer-processor linkages, scheduled harvest windows for pulp factories, and crate-based logistics are effective interventions (Gajanana et al., 2002; ICAR-CIPHET, 2016).
Cross-cutting gaps
Fragmented supply chains, weak grading standards, and limited access to organised infrastructure result in higher domestic losses compared to export chains. Establishing centralised packhouses, applying grading and traceability standards to domestic markets, and strengthening FPO-led cold-chain nodes can reduce systemic inefficiencies. Global practices, such as vapour heat treatment in Thailand, irradiation in Vietnam, and 1-MCP and coatings in South Africa, offer models India can adapt (Le et al., 2022; Bambalele et al., 2021; Sangwanangkul, 2015). Moreover, using decentralised technologies like Blockchain is a key strategy to improve food safety and prevent fraud. Beyond basic security, Blockchain also improves the organisation of vertical relationships and reduces behavioural uncertainty among supply chain partners (Stranieri et al., 2020). It creates a permanent, transparent record of quality data (Annamalai Manickavasagan, 2024).
State-wise patterns of losses
The national survey by DMI (2013) across mango-growing states shows that there are significant regional variations in post-harvest losses. These variations are related to differences in infrastructure, handling practices and distance to markets. The patterns are summarised in Table 2.
Table 2: State-wise post-harvest losses (%) at key stages
	State
	Harvesting
	Grading
	Packaging
	Transport
	Storage
	Total loss

	Andhra Pradesh
	1-2
	10
	9-15
	7-10
	11
	38-48

	Gujarat
	0.25
	0.25
	2
	4
	0.1
	6-7

	Jharkhand
	3-5
	5-9
	6-10
	2-6
	4-6
	20-36

	Karnataka
	5-15
	5-10
	6-10
	3-5
	5-8
	24-48

	Kerala
	3-15
	8-11
	6-10
	20
	1-2
	38-58

	Maharashtra
	10
	8-15
	8-12
	12
	20+
	58-69

	Orissa
	10
	5-10
	5-10
	12
	5-6
	37-48

	Uttar Pradesh
	5-10
	8-11
	8-12
	6-10
	14-16
	41-59

	Tamil Nadu
	1-5
	3-5
	5-8
	4-10
	20
	33-48


Source: Directorate of Marketing & Inspection (DMI), 2013
It is evident that Maharashtra and Tamil Nadu have very high storage losses, Kerala faces severe transport losses due to long-distance marketing and poor roads, and Maharashtra and Karnataka suffer the highest harvesting losses. By contrast, Gujarat performs much better at almost all stages because of its better packhouses and infrastructure facilities.
Effect of packaging material on losses
Packaging material has a direct impact on the extent of losses during transport and marketing. The study by Patil et al. (2023) documented the various packaging materials used in mango marketing and their associated losses, as shown in Table 3. Their findings highlight how the choice of material influences both the physical protection of the fruit and the rate of spoilage during handling and distribution. 
Table 3: Packaging materials used for mango and associated losses
	Packaging material
	Capacity (dozen)
	Loss during handling and transport (%)

	Plastic crates (ventilated)
	5-6
	2-3

	Wooden boxes (traditional)
	5-6
	5-6

	Iron trunks (metal boxes)
	7-8
	7-8

	Cardboard boxes
	3-4
	10-12

	Plastic bags/sacks
	1-2
	10-15

	Bamboo baskets (traditional)
	4-5
	12-15


Source: Patil et al., 2023
Plastic crates are the most efficient option, but their adoption is still limited. Wooden boxes and iron trunks are more widely used, while cardboard and plastic bags are mostly seen in retail sales.
Major consequences of post-harvest losses
Post-harvest losses of mangoes in India result in wide-ranging economic, social, and environmental consequences. Economically, they reduce farmer incomes and erode potential revenues, while cumulatively depressing the agricultural sector’s contribution to GDP (Ranjan & Sahni, 2021). The food security of people is compromised when nutritious fruits are lost before consumption, resulting in dietary shortfalls in essential vitamins and antioxidants (FAO, 2018). The environmental burden is equally concerning, as resources such as water, land, fertilisers, and energy invested in producing fruit are wasted, while the disposal of spoiled produce generates greenhouse gas emissions (MoAFW, 2024). Market instability is another outcome, as fluctuating supply contributes to price volatility and uncertain farmer incomes (Savaria et al., 2020). Post-harvest losses also reduce employment opportunities in packaging, logistics, and processing (Singh et al., 2020), while undermining national sustainability goals such as zero hunger and responsible consumption (Ranjan & Sahni, 2021).
Strategies to reduce post-harvest losses
A multi-pronged strategy is required to address losses across the mango supply chain, combining improved infrastructure, farmer training, adoption of technology, supply chain coordination, and supportive policies.
Improved infrastructure: Cold chain interventions remain a cornerstone of loss reduction. Rapid pre-cooling, cold storage at 2-3°C, and high humidity (90-95%) are effective in slowing down spoilage and respiration (FAO, 2018). Government schemes such as the Mission for Integrated Development of Horticulture (MIDH) and the Pradhan Mantri Formalisation of Micro Food Processing Enterprises (PMFME) have promoted the development of packhouses, ripening chambers, and cold storage, although implementation has been uneven (MoAFW, 2024). Ventilated plastic crates have reduced mechanical injuries by 15-20% compared to traditional bamboo baskets or sacks (Patil et al., 2023).
Farmer training and awareness: Capacity-building initiatives are critical. Adoption of scientific harvesting tools such as pole-mounted pickers with nets reduces orchard-level damage to 3-5%, compared to 8-10% with traditional throw-and-catch methods (Patil et al., 2023; Prasad et al., 2019). Demonstration models, FPO-led packhouses, and training programs in grading, hygiene, and handling are essential to scaling up adoption (Singh et al., 2020).
Technology adoption: Innovations such as hexanal spray delay ripening and extend shelf life by up to 17 days, enabling staggered harvesting and improved market returns (Subramanian et al., 2013). Ripening chambers using ethylene gas provide uniform quality while eliminating harmful carbide use. Advanced technologies such as vapour heat treatment, irradiation, and controlled atmosphere packaging are already in use globally and can be further scaled up in India (DMI, 2013; FAO, 2018; Le et al., 2022). Furthermore, Machine Learning (ML) and Artificial Intelligence (AI) can accurately predict produce losses and waste, helping managers make proactive post-harvest decisions before spoilage occurs (Opara et al., 2024).
Supply chain strengthening: Efficient logistics through refrigerated trucks, proper stacking, and aggregation centers managed by Farmer-Producer Organisations (FPOs) help reduce multiple handling points and improve traceability (Singh et al., 2020). Direct marketing, digital platforms, and contract farming with quality-linked incentives can provide stable markets and reduce wastage (MoAFW, 2024). For improved quality assurance and supply chain trust, blockchain’s decentralised ledger is vital for verifying quality claims and guaranteeing accurate data for everyone from the farmer to the retailer (Annamalai Manickavasagan, 2024). Crucially, this technology has also been shown to increase profit and return on investment by improving information accessibility, availability, and sharing across the entire chain (Stranieri et al., 2020).
Policy implications and future directions
Reducing mango post-harvest losses requires coordinated policy support, infrastructure investment, and stronger linkages between research, extension, and markets. Key policy priorities include:
· Investing in rural infrastructure: Expand cold storage, ripening chambers, and packhouses to reduce storage and transit losses (FAO, 2018).
· Strengthening Farmer-Producer Organisations (FPOs): Provide financial incentives, training, and shared infrastructure access to smallholders (Singh et al., 2020).
· Introducing quality grading and traceability systems: Adopt export-style quality standards and blockchain-based traceability in domestic markets to ensure consistent quality and reduce spoilage (Le et al., 2022).
· Promoting adoption of modern technologies: Incentivise use of ventilated crates, mechanical harvesters, and shelf-life–extending sprays like hexanal (Subramanian et al., 2013).
· Digital innovations: Encourage mobile-based advisories, AI-driven market intelligence, and IoT-enabled cold chain monitoring to reduce inefficiencies and information gaps (FAO, 2018).
· Public-private partnerships: Leverage collaboration between government, private sector, and cooperatives to scale infrastructure and technology adoption (MoAFW, 2024).
Conclusion
This review comprehensively examines the extent, causes, and implications of post-harvest losses (PHL) in mango supply chains across India and highlights the urgent need for systematic interventions. The findings indicate that India loses an estimated 25-30% of its total mango production annually, translating to nearly 5-7 million tonnes of fruit. Stage-wise analysis across multiple studies shows that losses occur throughout the value chain, averaging 6-8% during harvesting, 7-10% during transportation, 5-12% in storage, and 10-13% at the retail level. These persistent losses are largely attributed to manual and unscientific harvesting methods, mechanical injuries, use of traditional packaging, inadequate cold-chain infrastructure, prolonged supply chains, and multiple handling points. While export-oriented supply chains benefit from APEDA certification, quality testing, and cold-chain facilities, the domestic marketing channels remain highly fragmented, resulting in greater inefficiencies and lower price realisation for farmers.
The review identifies several promising interventions to minimise these losses. Adopting scientific harvesting tools can reduce orchard-level damage from 8-10% to as low as 3-5%, while replacing traditional bamboo baskets with ventilated plastic crates has been shown to lower transit damage from 12-15% to just 2-3%. Similarly, pre-cooling and cold storage facilities maintained at 2-3°C with 90-95% relative humidity significantly extend shelf life, while ethylene-based ripening chambers ensure uniform fruit quality and reduce wastage caused by uncontrolled ripening. These technical solutions must be supported by institutional measures such as strengthening Farmer-Producer Organisations (FPOs) to facilitate aggregation, collective marketing, and better access to infrastructure. Establishing packhouses, ripening chambers, and cold-chain networks near production clusters will reduce handling delays and improve quality maintenance. From a policy perspective, stronger coordination between stakeholders is essential. Leveraging government initiatives such as the Mission for Integrated Development of Horticulture (MIDH) and the PM Formalisation of Micro Food Processing Enterprises (PMFME) scheme can accelerate infrastructure development and improve value-chain integration. Introducing quality grading and traceability systems, even in domestic markets, will enhance transparency, reduce spoilage, and support premium pricing. Encouraging private-sector participation through public-private partnerships (PPPs), promoting digital market linkages, and expanding capacity-building programs for farmers and supply chain actors are critical for long-term solutions. Effectively reducing mango post-harvest losses in India requires a comprehensive and coordinated approach that focuses on adopting improved technologies, developing infrastructure, strengthening institutions, building farmer capacities, and implementing supportive policy measures. Such integrated strategies can significantly minimise losses, improve farmers’ income, ensure a steady supply of quality produce for processors and retailers, and enhance the competitiveness of India’s mango sector. By addressing these challenges systematically, the country can achieve better resource utilisation, enhance food security, and promote environmental sustainability within the horticulture value chain.
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