



Economic Implications of Post-Harvest Losses and Mitigation Strategies Among Smallholder Farmers in Nigeria
ABSTRACT
The basic objective of this review was to examine how post-harvest loss management strategies affect food security, using secondary data. Recent evidence identifies inadequate storage and infrastructure, limited extension and training, and poor handling and drying practices as important drivers of post-harvest losses, with storage a major loss point (Adeagbo et al., 2026; Akumu et al., 2020; Onwude et al., 2023; Stathers et al., 2025). Improved drying and airtight storage can reduce grain loss and quality deterioration, while reported post-harvest loss levels vary by crop and setting; recent reviews report losses of 30–50% for key commodities in Sub-Saharan Africa (Akumu et al., 2020; Mawoneke et al., 2025). Hermetic storage bags are among the tested approaches, and combining bags with farmer training has reduced maize losses and household food insecurity in a field intervention (Chegere et al., 2020; Stathers et al., 2025). The study recommends careful harvesting, handling and packaging, appropriate crop protection, and government programmes that improve access to storage facilities to reduce post-harvest losses and support food security.
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INTRODUCTION 
According to the FAO, to feed the 9.1 billion expected population by 2050, food availability will have to increase by 70%. Further trends like increasing urban population, shift of lifestyle and diet patterns of the rising middle class in emerging economies along with climate change put considerable pressure strain on the planet‟s resources: declining freshwater resources and biodiversity, loss of fertile land, etc. Consequently, there is a need for an integrated and innovative approach to the global effort of ensuring sustainable food production and consumption (Martin et al., 2023).
Nigeria the most populous nation on the continent of Africa, is still feed her above 200 million citizens on self- sufficient basis, to help people maintain balanced and healthy diet, fruits and vegetables have a special significant (Onwude et al., 2023; Mahendranathan & Ekanayaka, 2023).
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. The incessant increase in food importation is led by postharvest losses. Losses of fresh produce in Nigeria exceed 40 percent (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).
Recent reviews describe postharvest 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 postharvest 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).
Food and nutrition security remained a major issue, 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, 2002). At the 2009 World Summit on Food Security, a fourth dimension, stability, was introduced to this idea as a short-term time indicator of food systems' ability to withstand natural or manufactured shocks (FAO, 2009).
POST HARVEST LOSSES OF AGRICULTURL PRODUCE
At the global level, the amount of lost and wasted food is larger in the later stages of the food chain in high-income regions, and vice versa in low-income regions, where more food is lost and squandered in the start-up phase (Clemente-González et al., 2026; Kaur & Watson, 2024). As a result, quality losses affect the nutritional composition, calorie content, digestibility, and acceptability of the food product. In 2010, about 133 billion pounds of food (about 31% of total available food) was wasted only in the USA at the retail and consumer level (FAO, LEI, 2015). It was estimated that in terms of cereals, root crops, fruits, and vegetables, these losses account for, respectively, approximately 19%, 20%, and 44% of losses (FAO, LEI, 2015). Root plants and vegetables are particularly vulnerable to mechanical damage, both during treatments and during harvesting or technological processes, because the tubers, roots, leaves, and stems of these plants are exposed to mechanical damage, such as bruises, abrasions, intersections, and cracks, which in the vast majority of cases are the result of dynamic loads (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). For example, in potatoes, mechanical damage and the formation of black spots in the tuber parenchyma cause significant economic losses and degradation of quality (Grudzińska & Barbaś, 2017). However, due to the calorific value of products, cereals (53%) have the largest share in losses, such as wheat, rice, and maize, and are the most popular edible plants in the world and form the basis of the main food items in most developing countries. Minimizing cereal grain losses along the supply chain can be the only effective resource that can help strengthen food security, fight hunger, reduce agricultural land needed for production, and develop rural areas and improve the living conditions of farmers, especially in Africa and Asia (Stathers et al., 2025; Kuiper & Cui, 2020).









CAUSES OF POST-HARVEST LOSSES
MECHANICAL INJURY 
Mechanical damage of fruits and vegetables are caused by careless handling during harvesting, packing, transportation, storage etc. Some insects and birds are also responsible for the mechanical injury in fruits and vegetables (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). 
BIOLOGICAL ACTIVITIES  
Fruits and vegetables are also prone to damage by microbial attack. The microbial spoilage are mainly caused by fungi, bacteria, yeast and moulds. However, a significant portion of losses of fruits and vegetables during post-harvest period is attributed to diseases caused by fungi and bacteria. The succulent nature of fruits and vegetables makes them easily invaded by these organisms (Mahendranathan & Ekanayaka, 2023; Karoney et al., 2023). ENVIRONMENTAL CAUSES OF POST HARVEST LOSSES
The environmental factors such as temperature, humidity, composition and proportion of gases in controlled atmospheric storage play an important role in post-harvest loss of fruits and vegetables. The high temperature and relative humidity favour the growth of micro-organisms which result in serious damage to the produce. High temperature also increases the rate of respiration of fruits and vegetables which subsequently result in the breakdown of the inner tissues. Also, high temperature and relative humidity increase the decaying of fruits and vegetables, while decrease in temperature slow down the rate of microbial attack on different crops especially when it is below 5 °C.(Makule et al., 2022; Mahendranathan & Ekanayaka, 2023).
SOCIO-ECONOMICS CAUSE OF POST HARVEST LOSSES
The following socio – economic causes of post harvest losses (Onwude et al., 2023; Stathers et al., 2025).
Inadequate Marketing Systems
Farmer can produce large quantities of quality fruits, ornamentals and vegetables but if they do not have a dependable, fast and equitable means of getting such commodities to the consumer losses will be extensive. This is because of lack of communication between producers and receivers, and lack of market information.






 Inadequate Transportation Facilities
In Nigeria, roads are not adequate for proper transportation of agricultural products. Also, transport vehicles and modes, especially those suited for fresh horticultural perishables, are in short supply.
 Unavailability of needed tools and equipment
Even if growers and handlers of fresh agricultural products were convinced of the merits of using some special tools and/so equipment in harvesting and postharvest handling, they most likely will not be able to find them in the domestic market because most of the tools and equipment manufactured locally or imported are insufficient to meet demand. The unavailability of tool/equipment is one of the courses of post-harvest food loss.
 Lack of Information
The human element in post harvest handling is extremely important. Most handlers involved directly in harvesting, packaging, transportation, and marketing in Nigeria have limited or no appreciation for the need for or how to maintain quality of agricultural products. An effective and far reaching educational (extension) program on harvesting, packaging transportation and marketing of agricultural products is crucial for effective post-harvest handling.
Poor Maintenance of Storage and handling Facilities
In Nigeria, some good storage facilities that were built for years ago are currently “out of order” or not functioning properly because of lack of maintenance. This problem is especially true of public sector facilities.
 Government Regulations and Policies
It is vital to have consistent agricultural development policies and programmes in order to keep to guiding principles, strategies and tactics that are compatible with the nature of the postharvest losses to be solved and to desired objectives. Policies, strategies and programmes should be compatible with and adjusted to the prevailing understanding and knowledge of the agricultural development process.










EFFECT OF POST HARVEST MANAGEMENT ON FOOD SECURITY
Food and Agriculture Organization of U.N. predicts that about 1.3 billion tons of food are globally wasted or lost per year (Clemente-González et al., 2026). Reduction in these losses would increase the amount of food available for human consumption and enhance global food security, a growing concern with rising food prices due to growing consumer demand, increasing demand for bio-fuel and other industrial uses, and increased weather variability. In addition, crop production contributes significant proportion of typical incomes in certain regions of the world (70 percent in Sub- Saharan Africa) and reducing food loss can directly increase the real incomes of the producers (World Bank, 2011; Onwude et al., 2023; Kuiper & Cui, 2020).
Postharvest technologies can contribute to food security in multiple ways, they can reduce PHL, thereby increasing the amount of food available for consumption by farmers and poor rural and urban consumers. For example, the control of the Larger Grain Borer (LGB) greatly reduced the loss of maize in on-farm storage among smallholders in a number of African countries, thus improving their food security. The benefits to consumers from reducing losses include lower prices and improved food security (Chegere et al., 2020; Mutungi et al., 2023). 

MANAGEMENT STRATEGIES OF POST HARVEST LOSSES FOR FOOD SECURITY
A systematic analysis of each commodity production and handling system is the logical first step in identifying an appropriate strategy for reducing postharvest losses (Stathers et al., 2025; Kaur & Watson, 2024).
WAYS OF REDUCING POST HARVEST LOSSES IN CEREAL GRAINS 
Harvesting 
African producers harvest grain crops once the grain reaches physiological maturity (moisture content is 20-30%) (Akumu et al., 2020; Stathers et al., 2025). At this stage the grain is very susceptible to pest attacks. Poor farmers sometimes harvest crops too early due to food deficiency or the desperate need for cash. In this way, the food incurs a loss in nutritional and economic value, and may get wasted if it is not suitable for consumption. Quality cannot be improved after harvest, only maintained; therefore, it is important to harvest at the proper maturity stage and at peak quality. 






Drying
Most farmers in Africa, both small and large, rely almost exclusively on natural drying of crops by combining sunshine and movement of atmospheric air through the product; consequently, damp weather at harvest time can be a serious cause of postharvest losses (Akumu et al., 2020; Nyamai & Anuri, 2025). Grains should be dried in such a manner that damage to the grain is minimized and moisture levels are lower than those required to support mold growth during storage (usually below 13-15%). This is necessary to prevent further growth of fungal species that may be present on fresh grains. The harvested crop may be dried in the yard or in a crib.
Threshing/shelling 
For some grains, particularly millet and sorghum, threshing may be delayed for several months after harvest and the unthreshed crop stored in open cribs. In the case of maize, the grain may be stored on the cob with or without sheathing leaves for some months, or the cobs may be shelled and grain stored. Some machinery suitable for small small-scale operation exists such as: maize shellers; Rice mechanical threshers which are actively being promoted by the International Rice Research Institute (IRRI). 
Winnow/cleaning 
Usually done prior to storage or marketing if the grain is to be sold directly. For the majority of the smallholder , this process is done manually. It is relatively ineffective from a commercial perspective, since grain purchased from smallholders frequently requires screening to remove stones, sand, and extraneous organic matter. There is little incentive for smallholders to provide well-cleaned grain for marketing; as a result profits from sales are limited. 
On-farm storage 
Post-harvest losses at storage are associated with both poor storage conditions and lack of storage capacity. It is important that stores be constructed in such a way as to provide: dry, well-vented conditions allowing further drying in case of limited opportunities for complete drying prior to storage; protection from rain and drainage of ground water; and protection from entry of rodents and birds and minimum temperature fluctuations (Akumu et al., 2020; Stathers et al., 2025). 








WAYS OF REDUCING POST HARVEST LOSSES FOR PERISHABLE CROPS (FRUIT AND VEGETABLE) 
Harvesting
 Harvesting should be carried out as carefully as possible to minimize mechanical injury such as scratches, punctures and bruises to the crop. The time of the day when harvesting is done also affects produce quality and shelf-life. In general, harvesting during the coolest time of the day (early morning) is desirable; the produce is not exposed to the heat of the sun and the work efficiency of the harvesters is higher. If harvesting during the hotter part of the day cannot be avoided, the produce should be kept shaded in the field to minimize product weight loss and wilting (Mahendranathan & Ekanayaka, 2023).
Handling
Mechanical injury provides sites for pest attack and increases physiological losses. Therefore, avoid mechanical injury to the crop while handling. Because of their soft texture, all horticultural products (fruits and vegetables) should be handled gently to minimize bruising and breaking of the skin. The skin of horticultural products is an effective barrier to most of the opportunistic bacteria and fungi that cause rotting of the tissues. Breaking of the skin also stimulates physiological deterioration and dehydration. Reducing the number of times the commodity is handled reduces the extent of mechanical damage (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). 
Sorting and cleaning
 Systematic sorting or grading coupled with appropriate packaging and storage, will extend shelf life, maintain wholesomeness, freshness, and quality, and substantially reduce losses and marketing costs. Sorting is done to separate poor produce from good produce, and further classify the good produce based on other quality parameters like size (Mahendranathan & Ekanayaka, 2023).
 Packaging 
Proper packing is essential to maintain the freshness of leafy vegetable. Packaging should be designed to prevent premature deterioration in product quality, in addition to serving as a handling unit (Mahendranathan & Ekanayaka, 2023; Kaur & Watson, 2024). Use clean, smooth and ventilated containers for packaging. This is a very important factor in cutting down losses in these crops during harvesting, transportation, marketing and storage. Use containers that are appropriate for the crop. Examples of packaging container 




Transportation 
 Minimizing losses during transport necessitates special attention to vehicles, equipment, infrastructure, and handling. Load and unload transport vehicles carefully. Use clean, well ventilated vehicle covered at the top for transportation. Transport crops during the cool part of the day by driving carefully over smooth roads to minimize damage to crop. Fresh produce must not be watered prior to loading, as this will lead to decay, rotting, and extensive losses. Major causes of losses are improper handling during loading and unloading (Onwude et al., 2023; Mahendranathan & Ekanayaka, 2023).
Storage
Only crops with high initial quality can be stored successfully; it is therefore essential to ensure that only crops of the highest quality (mature, undamaged) are stored. Shelf life can be extended by maintaining a commodity at its optimal temperature, relative humidity and environmental conditions (Makule et al., 2022; Mahendranathan & Ekanayaka, 2023).  
Processing
 Processing is an important value-added activity that stabilizes and diversifies food supplies and creates employment and income opportunities. Excessive hulling or threshing can also result in grain losses, particularly in the case of rice (hulling) which can suffer cracks and lesions. It can minimize the high perishability problem of leafy vegetables. Processed products are also more stable, have improved digestibility, and permit a better diet diversity, giving consumers access to a wider choice of products and a wider range of vitamins and minerals (Stathers et al., 2025). 

WAYS OF REDUCING POSTHARVEST LOSSES IN TUBER AND ROOT
Harvesting
It is the most important phase. Unless this operation is carried out with maximum efficiency, later prevention of food loss activities may be a waste of time. If, for example, roots and tubers are bruised or otherwise damaged during harvesting, consideration of improved handling or packaging is not likely to be worthwhile, since an early infestation with moulds and virus will occur and rotting will have started. If harvesting operations are correctly undertaken there is greater scope for later introduction of improved methods. Provision of the proper tools and equipment for harvesting and training workers in their correct use should be a priority prevention of food loss activity (Gabriel et al., 2025; Yimenu et al., 2024). 


Handling
The skin of roots and tubers is an effective barrier to most of the opportunistic bacteria and fungi that cause rotting of the tissues. Breaking of the skin also stimulates physiological deterioration and dehydration. Careful digging and movement of roots and tubers significantly reduces post harvest losses (Iorzua et al., 2020; Gabriel et al., 2025). 
Packing
Farmers commonly pack the roots and strategically place the large roots at the top on the bag to quickly attract the buyer on first sight. Packing should minimize deterioration of the roots within the container and cushion against impact and compression. During packing in the field care must be taken to minimize physical damage that results from impact bruises due to stacking and overfilling of bags, abrasion or vibration bruises due to root movement against each other (Gabriel et al., 2025; Yimenu et al., 2024). 
Transportation
Temperature management is critical during long distance transport, so loads must be stacked to enable proper air circulation to carry away heat from the produce itself as well as incoming heat from the atmosphere and off the road. In many developing countries traditional baskets and various types of trays or buckets are used for transporting produce to the house or to village markets. These are usually of low cost, made from readily available material and serve the purpose for transport over short distances. But, they have many disadvantages in large loads carried over long distances (i.e. they are difficult to clean when contaminated with decay organisms) (Mahendranathan & Ekanayaka, 2023; Yimenu et al., 2024). 
However, packaging can be a major item of expense in produce marketing, especially in developing countries where packaging industries are not well developed. The selection of suitable containers for commercial scale marketing requires very careful consideration. Among the various types of packaging material that are available: natural and synthetic fibre sacks and bags as well as moulded plastic boxes seem to be more suitable and have greater promise for packaging roots and tubers and for their transport to distant markets (Gabriel et al., 2025; Yimenu et al., 2024). 










Storage
The following three things must be done to ensure successful storage of fresh roots and tubers. i) Carefully select only top quality roots and tubers without any signs of handling or pest or disease damage for storage; ii) keep them in specially designed stores and iii) check the stores at regular intervals. Many farmers do not routinely store fresh roots and tubers, but leave them in the ground until required. It is possible to store fresh roots successfully in specially constructed pits or in mounds, or clamp stores. For example, when storing potatoes, a field storage clamp is a low cost technology that can be designed using locally available materials for ventilation and insulation (Iorzua et al., 2020; Yimenu et al., 2024). 
Processing  
Root and tuber crops (cassava, sweet potato, yam etc…) are both important household food security and income generating crops in many developing countries. Overcoming the perishability of the crops, improving marketing, enhancing nutritional value and adding economic value through processing are the main strategic areas in for reducing postharvest losses. The various processing techniques are listed below: peeling and washing, grating, pressing/fermentation, sieving, frying/drying. All these techniques can be divided into: Traditional methods such as drying (production of dehydrated chips); processing into „gari‟ and farinha de mandioca; production of bread; production of „attieke (Gabriel et al., 2025). 
FINDINGS
Recent studies in Nigeria and sub-Saharan Africa identify inadequate storage, weak extension and training, poor handling, and 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 during this process, there will be the greatest losses (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 a short while or for a while longer 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, clay flower pots) (Grover & Singh, 2013).


















CONCLUSION AND RECOMMENDATION
Post harvest losses which is a problem confronting the production of food in the developing country have a tremendous effect on the availability of food and income of the farmer. The post harvest losses are mostly caused by poor methods of harvesting, transportation, storage and distribution. Strategic techniques that can be adopted to reduce the ugly incidence of postharvest loss by putting into practice the crucial cultural practices, cautious handling, and packaging. By defending them against diseases and other environmental conditions during the pre- and post-harvest stages, the application of the proper pesticides may significantly extend the amount of time that fresh produce is available. The amount of food that is accessible for consumption by farmers and underprivileged rural and urban customers can be increased if the post harvest loss is reduced. In order to boost food availability and accessibility, production must be raised along with distribution and loss reduction. Decreased post harvest food losses are therefore crucial part of guaranteeing future global food security (Kuiper & Cui, 2020; Adeagbo et al., 2026). In general considerable contributions to global food security might be made through reducing food loss. The key to establishing and maintaining food security in Nigeria is to keep harvest-related losses to an absolute minimum. There is a need to raise awareness among farmers through capacity building, extension services, and hands-on demonstrations of post-harvest loss mitigating technologies in order to ensure quick adoption and wider acceptance of these measures and strategic interventions, and to drive adoption of post-harvest loss technologies and tactics in particular (Stathers et al., 2025; Mutungi et al., 2023). Also, Programmes that ease access to storage facility should established by the government, so that farmers can easily have access to storage facilities at a least cost. A lack of financial collateral and a poor credit history can be solved by using creative financing strategies such as credit extension, and no recourse loans. Similarly, improving physical infrastructure and employing supply chain and marketing channels to disseminate information and post harvest technology could considerably contribute in boosting access. 
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