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Abstract
Effective post-harvest management is essential for maintaining the quality and prolonging the shelf life of horticultural crops, ensuring they reach consumers in prime condition. This abstract outlines the critical components of post-harvest management for horticultural crops, highlighting the importance of appropriate handling, storage, and processing methods to preserve nutritional content, texture, flavor, and visual appeal. It explores various factors contributing to post-harvest losses, including physiological, pathological, and mechanical influences, as well as environmental conditions like temperature, humidity, and ethylene exposure. The abstract article reviews pre-harvest and post-harvest treatments and technologies aimed atthat reduceing losses, such as harvesting at optimal maturity, temperature regulation, controlled atmosphere storage, modified atmosphere packaging, and the application of post-harvest chemicals and natural compounds. This review also emphasizes discuss other strategies thatto improves the storability of fresh vegetables, including value addition through different processing methods. drying technologies, temperature and storage atmosphere management, and the use of anti-senescent compounds like salicylic acid, nitric oxide, 1-methylcyclopropene, and methyl jasmonate.	Comment by user: These losses occur in storage or on shelf. There is no need to repeat mentioning the strategies again under storage. 
Keywords: Post-harvest management, horticultural crops, Value enhancement, and Ccontrolled atmosphere storage.	Comment by user: Which one? There is controlled atmosphere storage and controlled atmosphere packaging.
Introduction
Horticultural crops are vital to the global economy, providing essential food, nutrition, and livelihoods for millions. However, post-harvest losses pose a significant challenge, with estimates indicating that up to 30% of harvested crops are lost before reaching consumers. Strategic post-harvest management and value enhancement can mitigate these losses, enhance food security, and boost the income of farmers and stakeholders. This review offers a detailed examination of the current approaches to post-harvest management and value enhancement for horticultural crops. Once separated from their parent plants, crops undergo physiological changes and are exposed to environmental factors that accelerate deterioration. Factors such as temperature variations, humidity, mechanical damage, and microbial activity contribute to post-harvest losses if not properly managed. Fruits and vegetables, rich in vitamins and minerals, are considered protective foods. Their high nutritional value, affordability, and accessibility, significantly contribute to human health. The Indian Council of Medical Research (ICMR) recommends a daily per capita consumption of 120g of fruits and 280g of vegetables due to their health benefits. India’s diverse vegetable production, including cucurbits (e.g., bottle gourd, bitter gourd, cucumber), solanaceous vegetables (e.g., tomato, brinjal, chili), leguminous vegetables (e.g., Indian bean, French bean, pea), leafy vegetables (e.g., spinach, amaranth, fenugreek), cruciferous vegetables (e.g., cauliflower, cabbage, broccoli), and umbelliferae (e.g., carrot), provides essential nutrients, minerals, and dietary fiber. These crops contain phytochemicals that promote health and prevent diseases. To address post-harvest losses and enhance value addition, various drying technologies have been explored, including hot air-controlled drying, spray drying, freeze drying, infrared drying, superheated steam drying, osmotic dehydration, microwave drying, and hybrid drying methods. While freeze drying yields high-quality dried products, itsit’s long drying times and high energy costs limit its use for large-scale operations. Hot air drying, however, is widely adopted due to its cost-effectiveness and simplicity, though it may compromise produce quality compared to freeze drying. Innovative post-harvest technologies, such as minimal processing, edible coatings, modified atmosphere packaging, ethylene absorbents, essential oils, and hurdle technology, have been developed to extend the shelf life of fresh produce. Advanced methods involving plant regulators such as 1-methylcyclopropene, polyamines, salicylic acid, nitric oxide, 6-benzylaminopurine, methyl jasmonate, and other anti-senescent molecules have proven effective in maintaining vegetable freshness. The commercial potential of processed vegetable products is significant, driven by their taste, health, and nutritional benefits. Post-harvest losses for fruits and vegetables range from 20–40%, with fresh produce experiencing 10–15% shriveling and decay, reducing market value and consumer acceptability. Reducing these losses can enhance availability without increasing cultivated land. Improper handling and storage cause physical damage due to tissue deterioration. In India, post-harvest fruit losses occur at the farm level (15–20%), during packaging (15–20%), transportation (30–40%), and marketing (30–40%). Inadequate market facilities, poor management, insufficient transportation, and careless handling by farmers, intermediaries, and consumers contribute to these losses.	Comment by user: Source/Reference?	Comment by user: Scientific names may make your article more technical.	Comment by user: Reference the sources.	Comment by user: Indicate sources.	Comment by user: This sentence reads as if misplaced. Does it belong here?	Comment by user: These are serious claims that should be backed by evidence or references.	Comment by user: Reference.

Post-Harvest Management Strategies
Effective post-harvest management begins with proper handling and storage practices, includinginvolves harvesting at optimum maturity stage, cleaning, washing, sorting, grading, disinfecting, packaging, and storing crops at optimal temperatures to maintain quality and extend shelf life. Temperature control is vital to slow aging, softening, color changes, and undesirable metabolic shifts in horticultural crops. Techniques such as cold storage and zero-energy cool chambers help preserve product quality. By adopting appropriate disease management strategies, farmers and stakeholders can reduce post-harvest losses, extend shelf life, and ensure high-quality produce reaches consumers. Staying informed about established guidelines, regulations, and best practices in disease management is crucial for making informed decisions and maintaining the safety and marketability of horticultural crops.	Comment by user: There is also ethylene and diseases control.	Comment by user: Reference?	Comment by user: Reference?	Comment by user: You may replace stakeholders by fresh produce handlers. Stakeholder is more proper in developmental studies.
Environmental Factors and Post-Harvest Techniques
Environmental factors and post-harvest techniques are critical for maintaining the quality and shelf life of horticultural crops. Proper management of these factors can minimize losses and ensure produce reaches consumers in optimal condition.
1. Temperature Management: Temperature significantly affects post-harvest quality. Controlling temperature during handling, storage, and transportation slows ripening, reduces respiration rates, and inhibits microbial growth. Cooling systems, such as refrigeration or controlled atmosphere storage, maintain optimal temperature conditions for different crops.	Comment by user: References?
2. Humidity Control: Humidity levels influence transpiration and water loss in horticultural crops. Proper humidity management prevents moisture loss, wilting, and shriveling. Different crops require specific humidity levels during post-harvest handling and storage. Appropriate storage containers, packaging materials, or humidity control systems help maintain optimal humidity.	Comment by user: References?
3. Ethylene Management: Ethylene, a natural plant hormone, drives ripening and senescence. Some crops are sensitive to ethylene, leading to accelerated ripening and quality deterioration if exposed to high levels. Managing ethylene involves storing ethylene-producing crops separately and using ethylene inhibitors or absorbers to minimize adverse effects.	Comment by user: References?
4. Light Exposure: Light exposure affects the quality and color development of certain crops. Leafy greens, for example, require dark storage or transportation to prevent light-induced chlorophyll degradation. Light-blocking packaging or dark storage conditions can reduce light exposure.	Comment by user: This is more so for anthocyanin. Purple apples and pears are affected more due to degradation of anthocyanin.
5. Packaging and Modified Atmosphere: Proper packaging and modified atmosphere techniques extend shelf life by controlling respiration rates, inhibiting microbial growth, and reducing physiological deterioration. Modified atmosphere packaging, vacuum packaging, or high-barrier films help maintain product quality during storage and transportation.	Comment by user: References?
6. Handling Techniques: Gentle handling practices prevent physical damage and bruising during post-harvest activities. Careful sorting, grading, and proper loading/unloading techniques minimize injuries and preserve produce quality.	Comment by user: References
By effectively managing environmental factors and applying appropriate post-harvest techniques, farmers and stakeholders can optimize the quality and shelf life of horticultural crops, reduce losses, and ensure high-quality produce reaches consumers.
Value Enhancement Techniques	Comment by user: Reference the sources
Value enhancement techniques transform perishable crops into shelf-stable products, creating new market opportunities. Drying methods, such as hot air-controlled drying, spray drying, freeze drying, and osmotic dehydration, preserve crops. Minimal processing techniques, including trimming, slicing, and sanitizing, maintain freshness and quality while extending shelf life. Developing value-added products like juices, jams, pickles, and chutneys increases the economic value of horticultural crops and reduces losses. Drying offers significant opportunities for vegetable preservation. Despite potential for innovation and diversification, many Small and Medium Enterprises (SMEs) face challenges in scaling up, accessing technology, and meeting international standards. Traditional processing methods, such as drying, convert perishable vegetables into shelf-stable products, fostering entrepreneurship and creating market opportunities. For example, drying techniques applied to vegetables like bitter gourd, cauliflower, carrot, and broccoli yield high-quality, value-added products.
Emerging Technologies in Postharvest Disease Management
Emerging technologies in postharvest disease management provide innovative solutions to enhance the quality and safety of horticultural crops. These technologies include biological, physical, and advanced monitoring techniques that reduce reliance on chemical treatments and improve disease control.
a) Biocontrol Agents
Beneficial Microorganisms: Beneficial microorganisms, such as bacteria, fungi, and yeasts, are increasingly used to manage postharvest diseases. These agents inhibit pathogens through competition, antibiosis, and induction of host resistance. Bacillus subtilis and Pseudomonas fluorescens, bacterial biocontrol agents, produce antimicrobial compounds and compete with pathogens for nutrients and space. Trichoderma harzianum, a fungal biocontrol agent, is effective against pathogens like Botrytis cinerea and Penicillium spp. Essential oils from plants like thyme, clove, and cinnamon combat fungal pathogens such as Colletotrichum and Aspergillus. Aloe vera gel coatings reduce microbial load and extend fruit shelf life.	Comment by user: Italicize non-English words/scientific names	Comment by user: Sources?
b) Physical Treatments
Hot Water Treatment: Hot water treatment involves immersing produce in hot water to eliminate surface pathogens. This method controls fungal and bacterial pathogens and is often used as a pre-storage treatment. For example, treating mangoes at 50°C for 10–15 minutes controls anthracnose and reduces decay. Similarly, hot water treatment of citrus fruits reduces green mold caused by Penicillium digitatum. UV-C Irradiation: UV-C light (200–280 nm) has germicidal propertieseffect, reducing surface microbial load and delaying disease development. UV-C irradiation reduces gray mold in strawberries and grapes by damaging fungal DNA and inducing resistance in the fruit. It also extends tomato shelf life by reducing decay.	Comment by user: It ceases to be a literature review if it lacks sources.


c) Advanced Monitoring and Detection
Remote Sensing Technologies: Remote sensing technologies utilize sensors to collect data on the physiological state of crops, which can be used to monitor disease progression and environmental conditions in real-time. These technologies can help in early detection and precise management of postharvest diseases. Hyperspectral imaging and thermal imaging can detect early symptoms of diseases like fire blight in apples and powdery mildew in grapes.
Benefits of Strategic Post-Harvest Management
Strategic post-harvest management significantly reduces losses, enhances food security, and increases the income of farmers and stakeholders. By adopting effective management strategies and value enhancement techniques, stakeholders can improve crop quality and shelf life, reduce waste, and enhance market competitiveness.
Challenges and Opportunities
Despite the benefits, challenges in post-harvest management persist:
· Limited Infrastructure: Inadequate cold storage, transportation, and packaging facilities lead to significant losses.
· Lack of Awareness: Many farmers and stakeholders lack knowledge of effective post-harvest management and value enhancement techniques.
· Limited Market Access: Poor market linkages reduce income for farmers and stakeholders.
Recommendations
1. Invest in Infrastructure: Governments and private sectors should invest in cold storage, transportation, and packaging facilities.
2. Promote Sustainable Practices: Encourage eco-friendly packaging, waste reduction, and energy-efficient technologies.
3. Develop Value-Added Products: Create products like juices, jams, pickles, and chutneys to enhance economic value and reduce losses.
4. Provide Training: Offer training programs for farmers, stakeholders, and extension workers on post-harvest management and value enhancement.
5. Encourage Private Investment: Promote private sector investment in processing, packaging, and marketing of horticultural crops.
Conclusion
Strategic post-harvest management and value enhancement are vital for reducing losses, improving food security, and increasing stakeholder income. By implementing effective strategies and technologies, farmers can enhance crop quality, reduce waste, and improve market competitiveness. Emerging technologies, including biocontrol agents, physical treatments, and advanced monitoring, offer sustainable solutions to enhance produce quality and safety while minimizing environmental impact. Further research and investment are needed to advance sustainable post-harvest practices and value enhancement techniques.
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