



Economic Implications of Post-Harvest Losses and Mitigation Strategies Among Smallholder Farmers in Nigeria
ABSTRACT
Post-harvest losses affect the quantity and quality of food reaching markets and households and may reduce earnings among smallholder farmers in Nigeria. This review examines the economic implications of these losses and discusses mitigation strategies that may support household food security. Drawing on secondary literature, it considers losses across cereals, fruits and vegetables, and roots and tubers, with attention to harvesting, handling, drying, storage, transport and processing. The reviewed evidence associates losses with mechanical damage, microbial spoilage, unsuitable temperature and humidity, inadequate marketing and transport systems, limited access to equipment, and gaps in farmer training and extension services. These problems can reduce saleable output, impair food quality and constrain farmers' incomes while limiting the amount of food available for consumption. Storage is identified as an important point of loss, particularly for cereals. The literature reports that improved drying, airtight or hermetic storage, appropriate packaging, careful handling and timely processing can reduce deterioration; interventions combining storage technologies with farmer training have also been associated with better food-security outcomes. The review therefore emphasises the complementary roles of practical farm-level measures, extension services, better storage and transport infrastructure, and improved access to suitable facilities. Addressing post-harvest losses may support farmers' incomes and food availability, although the extent of these benefits depends on the crop, context and intervention. 
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INTRODUCTION 
According to the Food and Agriculture Organization (FAO), food availability will need to increase by approximately 70% to meet the demands of the projected global population of 9.1 billion by 2050. Achieving this target presents considerable challenges, particularly in the context of several interconnected global trends, including rapid urbanisation, changing lifestyles, and evolving dietary preferences among the expanding middle-class population in emerging economies. These developments, together with the growing impacts of climate change, are placing increasing pressure on the planet’s natural resources. Major concerns include the depletion of freshwater resources, the degradation of biodiversity, and the progressive loss of fertile agricultural land, all of which threaten the long-term sustainability of food production systems. In this context, adopting integrated, innovative and resource-efficient approaches has become increasingly important to address global food security challenges while minimising environmental degradation. Strengthening coordinated global efforts towards sustainable food production and consumption is therefore essential to meeting future food demands without compromising the capacity of natural ecosystems to support future generations (Martin et al., 2023).
Nigeria, the most populous nation in Africa, still faces the challenge of feeding its population of more than 200 million on a self-sufficient basis. Fruits and vegetables are particularly important in helping people maintain a balanced and healthy diet (Onwude et al., 2023; Mahendranathan & Ekanayaka, 2023). A study of Nigerian tomato supply chains identifies the cost and availability of reusable plastic crates, together with farmers' market channels, as considerations in the adoption of improved post-harvest packaging (Yami et al., 2025).
Recent research indicates that Nigerian farmers’ incomes are adversely affected by post-harvest losses; global estimates continue to place food loss and waste at about one-third of food produced, or approximately 1.3 billion tonnes per year (Onwude et al., 2023; Clemente-González et al., 2026). This implies that production resources are also wasted. Post-harvest losses contribute to the continuing increase in food imports. Losses of fresh produce in Nigeria exceed 40% (Onwude et al., 2023). Significant losses occur early in the food supply chain in low-income regions, whereas in high-income settings food waste is more concentrated downstream and at the consumer level (Clemente-González et al., 2026). Research on food loss management in Nigeria has also examined improvements in storage and transport coordination as possible approaches to reducing losses along the agricultural supply chain (Olawale et al., 2025).
Recent reviews describe post-harvest loss as a decline in the quantity or quality of food between harvest and consumption. Quality loss can impair acceptability, edibility, or nutrient and calorie content; quantity loss reduces the amount available. Food loss and waste patterns differ by income context: losses are concentrated more in production and post-harvest stages in low-income settings, while downstream retail and consumer waste is more prominent in higher-income settings. In developing regions, inadequate expertise, equipment, and storage infrastructure contribute to losses; more advanced handling and storage systems can reduce mid-chain losses. Food waste includes food discarded or diverted from human consumption, including food that spoils or expires (Erol & Sırıken, 2024; Kaur & Watson, 2024; Clemente-González et al., 2026). Intermediate technologies adapted to smallholder operations have been discussed as potentially accessible options for post-harvest handling and processing in sub-Saharan Africa (Mayanja & Oluk, 2023).
Food and nutrition security remain major concerns, exacerbated by considerable post-harvest losses of food grains. The Food and Agriculture Organization's (FAO) annual report on food security, "The State of Food Insecurity in the World 2001," defines "food security" as "when everyone, at all times, has physical, social, and economic access to enough, safe, and nutritious food that satisfies their dietary needs and food choices for an active and healthy life" (FAO, 2001). At the 2009 World Summit on Food Security, a fourth dimension, stability, was introduced to this concept as an indicator of food systems’ ability to withstand short-term natural or human-made shocks (FAO, 2009). A survey of grain-storage practices in Yobe State further illustrates the relevance of storage structures, pest exposure, and farmer education to post-harvest management (Abdulkadir et al., 2026).
Although the causes of post-harvest losses and management practices have been described for several crop groups, their economic implications and relationship to food security among Nigerian smallholder farmers warrant consolidated discussion.
OBJECTIVE OF THE REVIEW
The objective of this review is to examine the economic implications of post-harvest losses for smallholder farmers in Nigeria and to discuss how the mitigation strategies identified in the literature may support farmers' incomes and household food security.
POST-HARVEST LOSSES OF AGRICULTURAL PRODUCE
Globally, food losses and waste tend to occur at different stages of the supply chain depending on the level of economic development. In high-income regions, a greater proportion of food is lost or wasted during the later stages of the food supply chain, particularly at the retail and consumer levels, whereas in low-income regions, losses are more prevalent during the earlier stages of production, harvesting, handling and processing (Clemente-González et al., 2026; Kaur & Watson, 2024). Such losses in food quality can adversely affect the nutritional composition, calorific value, digestibility and overall consumer acceptability of food products. In the United States, approximately 133 billion pounds of food, representing nearly 31% of the total food available, was estimated to have been wasted at the retail and consumer levels in 2010 (Food and Agriculture Organization & LEI, 2015). Similarly, estimated losses of cereals, root crops, and fruits and vegetables were approximately 19%, 20% and 44%, respectively (Food and Agriculture Organization & LEI, 2015). Root crops and vegetables are particularly susceptible to mechanical injuries during harvesting, handling and processing. Their tubers, roots, leaves and stems are vulnerable to various forms of physical damage, including bruising, abrasion, cutting and cracking, which frequently result from exposure to dynamic mechanical loads (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). For instance, in potato tubers, mechanical injuries and the development of black spots within the parenchymatous tissues contribute considerably to economic losses and deterioration in product quality (Grudzińska & Barbaś, 2017). Nevertheless, cereals account for the largest proportion of food losses, approximately 53%, largely owing to their substantial contribution to global caloric availability. Major cereal crops, including wheat, rice and maize, are among the most extensively consumed agricultural commodities and serve as essential staple foods in many developing countries. Therefore, reducing cereal grain losses throughout the supply chain is crucial for enhancing global food security, alleviating hunger, reducing the demand for agricultural land, promoting rural development and improving farmers' livelihoods, particularly across Africa and Asia (Stathers et al., 2025; Kuiper & Cui, 2021).









CAUSES OF POST-HARVEST LOSSES
MECHANICAL INJURY 
Mechanical injuries in fruits and vegetables frequently result from improper or rough handling during harvesting, packing, transportation and storage. In addition, the activities of certain insects and birds can contribute to physical damage, further compromising the quality and marketability of fresh produce (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024).
BIOLOGICAL ACTIVITIES  
Fruits and vegetables are highly susceptible to microbial contamination and deterioration, which represent major causes of post-harvest losses. Microbial spoilage is primarily associated with various microorganisms, including fungi, bacteria and yeasts, with moulds constituting an important group of spoilage-causing fungi. Among these, fungal and bacterial infections are responsible for a substantial proportion of post-harvest losses in horticultural produce. The high moisture content, succulent tissues and readily available nutrients in fruits and vegetables create favourable conditions for microbial colonisation, proliferation and subsequent deterioration. Consequently, these characteristics increase their vulnerability to microbial invasion and spoilage during post-harvest handling, transportation and storage (Mahendranathan & Ekanayaka, 2023; Karoney et al., 2024).
ENVIRONMENTAL CAUSES OF POST-HARVEST LOSSES
Environmental conditions, particularly temperature, relative humidity, and the composition and relative concentrations of gases within controlled-atmosphere storage systems, play a crucial role in determining the extent of post-harvest losses in fruits and vegetables. Elevated temperatures and high relative humidity generally create favourable conditions for the growth and proliferation of spoilage-causing micro-organisms, thereby accelerating the deterioration of fresh produce. Furthermore, increased temperatures stimulate respiratory activity in harvested fruits and vegetables, resulting in enhanced metabolic processes, accelerated depletion of stored nutrients and progressive degradation of internal tissues. The combined effects of excessive temperature and relative humidity can therefore intensify physiological deterioration and microbial decay, ultimately reducing the quality, marketability and storage life of horticultural commodities. Conversely, maintaining appropriately low storage temperatures can suppress microbial activity, reduce respiration rates and delay post-harvest deterioration. Temperatures below 5 °C can substantially inhibit the growth of many spoilage-causing micro-organisms in suitable crops, although optimal storage temperatures vary among commodities, and certain tropical and subtropical fruits and vegetables are susceptible to chilling injury (Makule et al., 2022; Mahendranathan & Ekanayaka, 2023).

SOCIO-ECONOMIC CAUSES OF POST-HARVEST LOSSES
The following are socio-economic causes of post-harvest losses (Onwude et al., 2023; Stathers et al., 2025).
Inadequate Marketing Systems
Although farmers may successfully produce substantial quantities of high-quality fruits, ornamental plants and vegetables, the absence of reliable, efficient, timely and equitable marketing and distribution systems can result in considerable post-harvest losses. These losses are often exacerbated by inadequate communication and coordination between producers and buyers, as well as limited access to accurate and timely market information. Such constraints can hinder effective supply chain management, delay the movement of perishable commodities from production areas to consumers and reduce opportunities for timely marketing. Consequently, deficiencies in market connectivity and information exchange may contribute significantly to product deterioration, economic losses and reduced profitability for producers.

 Inadequate Transportation Facilities
In Nigeria, inadequate road infrastructure presents a significant challenge to the efficient transportation and distribution of agricultural commodities, particularly highly perishable horticultural produce. Furthermore, the limited availability of suitable transportation vehicles and specialised transport facilities for fresh fruits, vegetables and other perishable products further constrains effective post-harvest handling and distribution. These infrastructural and logistical limitations can contribute to transportation delays, increased physical damage, deterioration in produce quality and substantial post-harvest losses, ultimately reducing market accessibility and the economic returns received by farmers.
 Unavailability of needed tools and equipment
Despite recognising the advantages of using specialised tools and equipment for harvesting and post-harvest handling, producers and handlers of fresh agricultural commodities often face considerable difficulties in accessing such resources. This challenge is primarily associated with the limited availability of appropriate tools and equipment in domestic markets, as both locally manufactured and imported supplies are frequently insufficient to meet existing demand. Consequently, inadequate access to suitable harvesting and post-harvest handling technologies can compromise operational efficiency, increase the risk of mechanical damage and accelerate the deterioration of perishable agricultural produce. The shortage of essential tools and equipment therefore represents an important contributing factor to post-harvest food losses, highlighting the need for improved availability and accessibility of appropriate agricultural technologies.
 Lack of Information
Human involvement plays a critical role in post-harvest handling and the preservation of agricultural produce quality. In Nigeria, many individuals directly engaged in harvesting, packaging, transportation and marketing possess limited knowledge or awareness of appropriate practices required to maintain product quality and minimise post-harvest losses. Consequently, the development and implementation of comprehensive, accessible and effective agricultural extension programmes focusing on proper harvesting techniques, packaging methods, transportation practices and marketing procedures are essential. Such educational initiatives would enhance the knowledge and practical skills of stakeholders involved in the post-harvest supply chain, thereby promoting improved handling practices, maintaining produce quality and reducing post-harvest losses.
Poor Maintenance of Storage and Handling Facilities
In Nigeria, several storage facilities that were constructed and initially operated effectively have become non-functional or are currently operating below their intended capacity due to inadequate maintenance and poor upkeep. This challenge is particularly prevalent in publicly owned storage facilities, where insufficient maintenance has contributed to the deterioration of infrastructure and reduced operational efficiency.
Government Regulations and Policies
Consistent and well-coordinated agricultural development policies and programmes are essential for establishing guiding principles, strategies and operational practices that effectively address the specific causes and characteristics of post-harvest losses while achieving the intended developmental objectives. Such policies, strategies and programmes should be formulated and implemented in accordance with the prevailing understanding of agricultural development processes. Furthermore, they should be periodically reviewed and adapted to reflect advances in scientific knowledge, technological developments and changing agricultural conditions, thereby ensuring their continued relevance and effectiveness in addressing post-harvest losses.
EFFECT OF POST-HARVEST MANAGEMENT ON FOOD SECURITY
The Food and Agriculture Organization of the United Nations estimates that approximately 1.3 billion tonnes of food are lost or wasted globally each year (Clemente-González et al., 2026). Minimising these losses could substantially increase the quantity of food available for human consumption and contribute to strengthening global food security. This is particularly important in the context of increasing food prices, driven by growing consumer demand, rising demand for agricultural commodities for biofuel production and other industrial applications, and greater variability in weather conditions. Furthermore, agricultural crop production constitutes a substantial proportion of income in several regions of the world, accounting for approximately 70% of typical incomes in sub-Saharan Africa. Consequently, reducing post-harvest food losses can directly contribute to improving the real incomes of agricultural producers while simultaneously enhancing food availability and economic stability (World Bank, 2011; Onwude et al., 2023; Kuiper & Cui, 2021).
Post-harvest technologies play a significant role in improving food security through several mechanisms, particularly by minimising post-harvest losses (PHL) and increasing the quantity of food available for consumption. These improvements benefit farming households as well as economically disadvantaged consumers in both rural and urban communities. For instance, effective control measures against the larger grain borer (LGB), a major storage pest of maize, have substantially reduced maize losses during on-farm storage among smallholder farmers in several African countries, thereby contributing to improved household food security. In addition to increasing food availability, reductions in post-harvest losses can benefit consumers by contributing to lower market prices and improving access to essential food commodities. Therefore, the adoption and effective implementation of appropriate post-harvest management technologies can contribute to improving food security and strengthening the economic well-being of both agricultural producers and consumers (Chegere et al., 2020; Mutungi et al., 2023).

MANAGEMENT STRATEGIES OF POST-HARVEST LOSSES FOR FOOD SECURITY
A comprehensive and systematic assessment of the production and post-harvest handling systems associated with each agricultural commodity constitutes an essential initial step towards identifying and developing appropriate, effective and sustainable strategies for minimising post-harvest losses (Stathers et al., 2025; Kaur & Watson, 2024).
WAYS OF REDUCING POST-HARVEST LOSSES IN CEREAL GRAINS 
Harvesting
In many African agricultural production systems, grain crops are harvested upon reaching physiological maturity, when their moisture content typically ranges between 20% and 30% (Akumu et al., 2020; Stathers et al., 2025). At this stage, grains are particularly vulnerable to pest infestation and subsequent deterioration. Farmers with limited financial and material resources may occasionally harvest their crops prematurely because of household food shortages or urgent financial requirements. Such premature harvesting can adversely affect the nutritional quality and economic value of agricultural produce and may result in substantial wastage when the harvested commodities are unsuitable for consumption. Since the inherent quality of agricultural produce cannot generally be improved after harvesting but can only be preserved through appropriate management practices, harvesting at the optimal stage of maturity is essential to ensure maximum quality and minimise post-harvest losses.
Drying
Across Africa, both small-scale and large-scale farmers depend predominantly on natural drying methods, which utilise solar radiation and the circulation of atmospheric air to reduce the moisture content of harvested crops. Consequently, prolonged rainfall and excessively humid weather conditions during the harvesting period can significantly increase the risk of post-harvest losses (Akumu et al., 2020; Nyamai & Anuri, 2025). Effective grain drying should minimise physical damage while reducing moisture content to levels that inhibit mould development during storage, generally below 13–15%, depending on the grain type and storage conditions. Maintaining sufficiently low moisture levels is particularly important for preventing the further proliferation of fungal species that may already be present on freshly harvested grains. Depending on local agricultural practices and available facilities, harvested crops may be dried in open yards or specially constructed drying cribs.
Threshing/Shelling
Threshing and shelling are important post-harvest operations that facilitate the separation of grains from harvested crop structures and prepare agricultural produce for subsequent handling, storage and marketing. For certain cereal crops, particularly millet and sorghum, threshing may be postponed for several months following harvesting, during which the unthreshed produce is commonly stored in open cribs. Similarly, maize may be stored on the cob, either with or without its surrounding husk leaves, for an extended period before shelling. Alternatively, maize cobs may be shelled soon after harvesting, with the separated grains subsequently transferred to appropriate storage facilities. Various mechanical technologies are suitable for small-scale post-harvest operations, including maize shellers and mechanical rice threshers. The International Rice Research Institute (IRRI) has actively promoted the adoption of mechanical rice-threshing technologies to improve the efficiency of post-harvest processing.
Winnowing/Cleaning
Winnowing and cleaning are essential post-harvest operations generally undertaken before grain storage or direct marketing to remove impurities and improve the physical quality of agricultural commodities. Among most smallholder farmers, these activities are performed manually using traditional methods. However, such practices are often insufficient to meet commercial quality standards, as grains purchased from small-scale producers frequently require additional screening to eliminate stones, sand and extraneous organic materials. Furthermore, the limited economic incentives available to smallholder farmers for supplying adequately cleaned grains discourage investment in improved cleaning practices. Consequently, inadequate grain cleaning can reduce market acceptability, restrict opportunities for obtaining premium prices and ultimately limit the profitability of agricultural produce.
On-farm Storage
Post-harvest losses occurring during on-farm storage are primarily associated with inadequate storage infrastructure, unsuitable environmental conditions and insufficient storage capacity. Appropriate storage facilities are therefore essential for preserving grain quality, minimising deterioration and reducing quantitative and qualitative losses. Storage structures should be designed and constructed to maintain dry and adequately ventilated conditions, allowing further moisture reduction when complete drying before storage is not feasible. They should also provide effective protection against rainfall and groundwater infiltration, prevent access by rodents and birds, and minimise fluctuations in storage temperature. The incorporation of these essential structural and environmental management features can substantially improve the effectiveness of on-farm storage systems and contribute to reducing post-harvest grain losses (Akumu et al., 2020; Stathers et al., 2025).








WAYS OF REDUCING POST-HARVEST LOSSES IN PERISHABLE CROPS (FRUITS AND VEGETABLES)
Harvesting
Harvesting operations should be undertaken with utmost care to minimise mechanical damage, including scratches, punctures and bruises, which can adversely affect the quality and marketability of harvested produce. The timing of harvesting is another important factor influencing the quality and shelf life of fruits and vegetables. Generally, harvesting during the coolest period of the day, particularly in the early morning, is recommended because it reduces exposure to excessive solar heat and enables harvesting personnel to work more efficiently. When harvesting during hotter periods is unavoidable, the harvested produce should be placed under adequate shade in the field to minimise moisture loss, weight reduction and wilting, thereby preserving its freshness and overall quality (Mahendranathan & Ekanayaka, 2023).
Handling
Appropriate handling practices are essential for minimising mechanical injuries, which create entry points for pests and pathogens and accelerate physiological deterioration. Owing to their delicate texture and susceptibility to physical damage, horticultural commodities, particularly fruits and vegetables, require careful handling throughout post-harvest operations to prevent bruising, tissue damage and disruption of the protective skin. The intact outer surface of these commodities serves as an important natural barrier against opportunistic bacteria and fungi responsible for tissue decay. Damage to this protective layer increases susceptibility to microbial infection while accelerating physiological deterioration and moisture loss. Consequently, minimising unnecessary handling and reducing the frequency of physical contact with harvested produce can considerably decrease mechanical damage and associated post-harvest losses (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024).
Sorting and Cleaning
Systematic sorting and grading, combined with suitable packaging and appropriate storage practices, are important strategies for extending the shelf life of horticultural produce while maintaining its freshness, wholesomeness and overall quality. These operations also contribute significantly to reducing post-harvest losses and associated marketing expenses. Sorting primarily involves identifying and separating damaged, defective or poor-quality produce from marketable commodities, followed by the classification of acceptable produce according to established quality characteristics, including size and other relevant physical attributes. Effective sorting and grading therefore facilitate improved product uniformity, enhance marketability and support the efficient management of harvested produce (Mahendranathan & Ekanayaka, 2023).
Packaging
Appropriate packaging plays a crucial role in maintaining the freshness, quality and marketability of leafy vegetables and other highly perishable horticultural commodities. Packaging materials and systems should be designed not only to facilitate convenient handling and transportation but also to protect produce against premature deterioration and physical damage during post-harvest operations (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). The use of clean, smooth-surfaced and adequately ventilated packaging containers is particularly important for minimising losses during harvesting, transportation, marketing and storage. Furthermore, packaging containers should be selected according to the specific characteristics and handling requirements of individual crops to ensure adequate protection and maintain product quality throughout the supply chain.
Transportation
Reducing post-harvest losses during transportation requires careful consideration of transport vehicles, handling equipment, infrastructural facilities and loading and unloading procedures. Harvested produce should be loaded and unloaded cautiously to minimise mechanical injuries and prevent unnecessary deterioration. Transportation should preferably be undertaken using clean, adequately ventilated vehicles equipped with protective coverings to shield commodities from direct sunlight and other unfavourable environmental conditions. Whenever possible, fruits and vegetables should be transported during the cooler hours of the day, while careful driving and the use of well-maintained roads can further reduce physical damage. Fresh produce should not be unnecessarily wetted immediately before loading, as excessive surface moisture may encourage microbial spoilage, decay and substantial post-harvest losses. Improper handling during loading and unloading remains a major contributing factor to transportation-related losses, highlighting the importance of adopting appropriate handling and logistical practices (Onwude et al., 2023; Mahendranathan & Ekanayaka, 2023).
Storage
Successful storage of perishable agricultural commodities largely depends on their initial quality and physiological condition at the time of storage. Therefore, only produce that has attained the appropriate stage of maturity and is free from visible damage or deterioration should be selected for storage. Maintaining favourable storage conditions is essential for preserving freshness, limiting physiological and microbial deterioration and extending the marketable life of harvested commodities. In particular, regulating temperature, relative humidity and other relevant environmental parameters according to the specific requirements of each commodity can substantially improve storage performance and minimise post-harvest losses (Makule et al., 2022; Mahendranathan & Ekanayaka, 2023).
Processing
Processing constitutes an important value-adding component of post-harvest management because it contributes to the stabilisation and diversification of food supplies while creating employment opportunities and generating income. However, inappropriate or excessive processing operations may also result in considerable commodity losses. For instance, excessive hulling or threshing can damage grains, particularly rice, which is susceptible to the development of cracks and surface defects during hulling. In the case of highly perishable horticultural commodities, particularly leafy vegetables, appropriate processing techniques can help overcome limitations associated with their short shelf life and rapid deterioration. Processing can also improve product stability and digestibility while promoting dietary diversification by increasing the range of food products available to consumers. Consequently, these activities may enhance access to a broader variety of foods containing essential vitamins and minerals, thereby contributing to improved food utilisation and nutritional diversity (Stathers et al., 2025).

WAYS OF REDUCING POSTHARVEST LOSSES IN ROOT AND TUBER CROPS
Harvesting
Harvesting represents a critical stage in minimising postharvest losses in root and tuber crops. The effectiveness of subsequent loss-prevention measures largely depends on the efficiency and care exercised during harvesting. Physical injuries, including bruises, cuts and other forms of mechanical damage, can compromise the quality of harvested produce and increase its susceptibility to microbial infection and deterioration. Consequently, improvements in handling, packaging and storage may have limited benefits if substantial damage has already occurred during harvesting, as microbial contamination and tissue decay may have commenced. Conversely, appropriate harvesting practices provide a sound foundation for implementing further postharvest management strategies. Therefore, the availability of suitable harvesting tools and equipment, together with adequate training for agricultural workers in their proper application, should be prioritised to minimise crop damage and associated food losses (Vutula, 2024; Yimenu et al., 2024).
Handling
The outer protective skin of roots and tubers serves as an important natural barrier against opportunistic bacteria and fungi responsible for tissue deterioration and decay. Damage to this protective layer increases vulnerability to microbial infection while accelerating physiological deterioration and moisture loss. Consequently, careful handling throughout harvesting and subsequent postharvest operations is essential for maintaining the quality and shelf life of these crops. Adopting appropriate digging, lifting, loading and movement practices can substantially minimise mechanical injuries, reduce dehydration and limit postharvest losses in roots and tubers (Iorzua et al., 2020; Vutula, 2024).
Packing
Appropriate packing practices are essential for preserving the physical integrity and marketable quality of harvested roots and tubers. Farmers frequently arrange larger roots at the uppermost part of bags to enhance the visual attractiveness of their produce and encourage potential buyers. Nevertheless, packing methods should primarily aim to minimise deterioration within containers while providing adequate protection against mechanical impacts and compression. During field packing, particular attention should be given to preventing physical injuries resulting from excessive stacking, overfilling of bags and improper arrangement of produce. Such practices may cause impact bruising, while movement and friction between individual roots during handling and transportation can result in abrasion and vibration-related damage. Therefore, appropriate packing techniques and careful arrangement of produce within containers are necessary to maintain quality and minimise postharvest losses (Vutula, 2024; Yimenu et al., 2024).
Transportation
Effective temperature regulation is an important consideration during the transportation of roots and tubers, particularly when produce is transported over considerable distances. Proper arrangement and stacking of containers are necessary to facilitate adequate air circulation, thereby promoting the dissipation of heat generated by the produce and limiting heat accumulation from the surrounding atmosphere and road surfaces. In many developing countries, traditional containers, including woven baskets, trays and buckets, remain widely used for transporting agricultural produce to households and local markets. These containers are generally affordable, manufactured from locally accessible materials and suitable for transporting relatively small quantities over short distances. However, their suitability for transporting large volumes over extended distances is limited by several disadvantages, including difficulties associated with cleaning and sanitation when contaminated by microorganisms responsible for decay (Mahendranathan & Ekanayaka, 2023; Yimenu et al., 2024).
Packaging also represents a significant component of marketing costs, particularly in developing countries where packaging industries and associated infrastructure remain insufficiently developed. Consequently, selecting appropriate containers for commercial-scale distribution requires careful consideration of affordability, durability, protective capacity and suitability for transportation. Among the available alternatives, sacks and bags manufactured from natural or synthetic fibres, together with moulded plastic crates and boxes, offer considerable potential for the safe packaging and transportation of roots and tubers to distant markets. The adoption of suitable packaging materials can help reduce physical damage, preserve product quality and improve marketing efficiency throughout the distribution chain (Vutula, 2024; Yimenu et al., 2024).
Storage
Successful storage of fresh roots and tubers depends primarily on three essential management practices: selecting healthy, high-quality produce free from mechanical injuries, pest infestation and disease symptoms; maintaining the harvested produce in appropriately designed storage facilities; and conducting regular inspections to identify and address signs of deterioration. In many farming communities, fresh roots and tubers are not routinely harvested for prolonged storage but are instead retained in the soil until needed for consumption or marketing. Nevertheless, appropriate storage techniques can extend the availability of harvested produce and minimise losses arising from spoilage and physiological deterioration. Fresh roots and tubers may be preserved using specially constructed storage structures, including pits, mounds and clamps. For instance, field storage clamps provide an economical option for preserving potatoes and can be constructed using locally available materials that ensure suitable ventilation and thermal insulation. Such low-cost storage approaches are particularly relevant to resource-constrained farming systems where access to modern storage infrastructure is limited (Iorzua et al., 2020; Yimenu et al., 2024).
Processing
Root and tuber crops, including cassava, sweet potato and yam, contribute substantially to household food security, rural livelihoods and income generation in many developing countries. However, their relatively high perishability presents considerable challenges for postharvest management, storage and marketing. Processing therefore represents an important strategy for reducing postharvest losses by extending product shelf life, facilitating market access, improving nutritional value and generating additional economic benefits through value addition. Common processing operations include peeling, washing, grating, pressing, fermentation, sieving, frying and drying, depending on the crop and the desired final product. Traditional and locally established processing methods encompass the production of dehydrated chips, gari, farinha de mandioca, bread and attiéké. These processing approaches enable the conversion of highly perishable fresh produce into products with improved storage potential and commercial value, thereby contributing to more efficient utilisation of harvested roots and tubers and reducing postharvest wastage (Vutula, 2024).

Results
Recent studies in Nigeria and sub-Saharan Africa identify inadequate storage, limited extension services and training, poor handling, drying, and storage practices as important drivers of post-harvest losses. Improved drying and airtight storage reduce maize grain losses and quality deterioration, while combined training and hermetic storage interventions improve food-security outcomes. Estimates vary by commodity and setting: recent estimates indicate that 20–40% of cereals may be lost before consumption in sub-Saharan Africa, while reported losses for key commodities range from 30–50% (Adeagbo et al., 2026; Akumu et al., 2020; Chegere et al., 2020; Mawoneke et al., 2025; Mutungi et al., 2023; Nyamai & Anuri, 2025).





A recent commodity-system assessment of maize handling, storage, and marketing in Nigeria, Rwanda, and India documented loss points along the chain and identified training and advocacy as relevant interventions (Dandago et al., 2021).
The food supply chain depends heavily on storage, and numerous studies have shown that the greatest losses can occur during this process (Stathers et al., 2025; Kaur & Watson, 2024; Akumu et al., 2020). Most crops are grown seasonally, and after harvest, the grain is kept in storage for varying periods to serve as food reserves and seeds for the following season. In India, a 2013 study reported that about 50–60% of seeds were kept in traditional household and farm structures for self-seeding and consumption (e.g., Kanaja, Kothi, Sanduka, and clay flower pots) (Grover & Singh, 2013).


















CONCLUSION AND RECOMMENDATION
Post-harvest losses, which affect food production in developing countries, have substantial implications for food availability and farmers’ incomes. Post-harvest losses are primarily associated with inadequate harvesting, transportation, storage, and distribution practices. Strategies to reduce post-harvest losses include appropriate crop management practices, careful handling, and suitable packaging. The appropriate application of pesticides to protect produce against disease and adverse environmental conditions during pre- and post-harvest stages may help extend its availability. Reducing post-harvest losses can increase the food available to farmers and disadvantaged rural and urban consumers. To improve food availability and access, increased production should be accompanied by better distribution and reduced losses. Reducing post-harvest food losses is therefore an important component of efforts to support future global food security (Kuiper & Cui, 2021; Adeagbo et al., 2026). In general, reducing food loss could make a considerable contribution to global food security. Minimising harvest-related losses is important for establishing and maintaining food security in Nigeria. Farmers’ awareness should be strengthened through capacity building, extension services, and practical demonstrations of post-harvest loss mitigation technologies to encourage their adoption and acceptance (Stathers et al., 2025; Mutungi et al., 2023). Government programmes should improve farmers’ access to storage facilities at affordable costs. Limited collateral and poor credit histories could be addressed through financing approaches such as credit extension and non-recourse loans. Similarly, improvements in physical infrastructure and the use of supply-chain and marketing channels to disseminate information and post-harvest technologies could help improve access. 

Limitations 
This review draws on secondary literature and does not present new field measurements, cost estimates or statistical comparisons for Nigerian smallholder farmers. The studies considered cover different commodities, locations and post-harvest stages, so reported loss estimates and intervention outcomes are not directly comparable. Consequently, the review identifies recurring problems and potentially useful mitigation strategies but cannot quantify their economic benefits or establish that any intervention will produce the same results across all Nigerian farming systems.
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