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Abstract 
Potato (Solanum tuberosum) belongs to the solanaceae family. Potatoes are third in the world's food crops for human consumption, behind rice and wheat. In order to enhance and preserve the productivity and quality of the potato crop disease prevention is essential. Newly harvested potato tubers, which are 70% water, are prone to rots, galls, other blemish diseases during harvest, transportation, or cold storage. Potato post-harvest losses were primarily caused by insect pests and infectious diseases that spread as a result of incorrect potato harvesting and handling practices. Both mass and quality are lost as a result of their high moisture content and rapid metabolism. Abiotic, thermal, water (pressure flattening), atmospheric composition (black heart), light (greening). mechanical (skinned tubers), and biochemical stresses are the main causes of these losses. Biologic factors include growth responses like sprouting (weight loss), quality changes brought on by pests and diseases, and weight loss from respiration. Potato quality loss during storage is contingent upon storage management and treatments administered at seed storage, growth, and harvest. In order to prevent bacterial and fungal infections from contaminating the tubers throughout harvest. transportation, storage, and distribution, farmers' awareness should also be raised by giving them the necessary training.
Key words: Potato, Diseases, Post-harvest losses, Processing, Storage looses

Introduction
Potatoes (Solanum tuberosum L.) are used by over a billion people worldwide, making it the third most important food crop after wheat and rice. In addition to providing essential nutrients like carbs and dietary fiber, as well as a number of vitamins and minerals (such as potassium, magnesium, iron, and zinc), potatoes are a major source of antioxidants in the human diet (Zaheer et al., 2016). Compared to other grains, potatoes have the highest potential energy content per unit area and may be cultivated, stored, and eaten with minimal technical assistance. It is believed that potatoes are extremely nutritious. The potato provides nutrient-rich food under a variety of settings and is a key source of income for low-income farm households. It also has the potential to have a higher vitamin C and protein content. The potato is also an important diet for the rising world population. (FAO, 2008).
Globally, 19.2 Mha of potato crop are produced annually, yielding 376.8 MT. 38% of the world's potato production is produced by the two largest producers, China and India, who produce 90.3 and 52.5 MT of potatoes, respectively. (FAO STAT 2020).
Post-harvest supervision in the potato crop is a set of practices and responsibilities that fall between crop production and crop consumption. The procedures of harvesting, storing, distributing, and selling result in significant losses. These losses could be anything from a slight decline to a major loss of quality, at any stage of the marketing process, from the first harvest to assembly and customer distribution, might result in post-harvest losses. Losses can be attributed to a variety of circumstances, such as physical damage from handling and shipping. physiological deterioration, loss of water, or even just a market surplus that causes potatoes to be kept longer in adverse conditions. Numerous infections have the potential to directly or indinsctly adversely impair the yield of potatoes. In the potato production chain, fungal diseases pose a serious threat and can lead to financial losses in the field as well as during transportation and storage. (Tiwari et al, 2020).
Resources Used
Different original research articles from throughout the world were reviewed to create the information on Effect of potato diseases on production, post-harvest storage and losses.
Post-Harvest Diseases
Numerous hazardous bacteria, fungi, and microorganisms are the source of a huge variety of postharvest disorders. Postharvest infections cause quality and quantitative losses in vegetables and make them unfit for human consumption due to possible health risks. Mechanical injuries. excessive temperatures, and pathogens are among the physical, environmental, and biological variables that mostly cause post-harvest losses (Clark et al., 2004). Postharvest infections in potatoes pose a serious challenge in India. Most of these diseases show up in the field and have different effects on the tuber and leaves of the plant. Soils and tubers contain these pathogens. Consequently, these diseases may manifest in the field as well as during storage. Due to microorganisms, the host, and/or the environment, postharvest illnesses induce spoiling of both
durable and perishable commodities, resulting in losses along the supply chain. Factors related to a microbe impact its potential to cause postharvest illnesses. Nabi et al., 2017).
Challenges of Post-Harvest Losses 
Vegetable quality will be maintained and monetary losses will be decreased through the use of good postharvest management practices that are supported by good technology and improved postharvest systems.
Post-harvest losses come from
1.Inadequate awareness of the proper harvesting index, which causes a significant portion of the harvested beans to typically be over-mature.
2.Careless handling techniques, such as employing plastic sacks for bulk packaging and transportation, which cause mechanical damage and serve as entry routes for pathogens that cause the pods to rot.
3.Poor transportation methods, such as using open-air trucks that expose product to direct sunshine and high temperatures.
 4. The lack of low-temperature storage and transportation infrastructure.
The important postharvest diseases of potato
The several Post-harvest diseases are-
1. Late blight
2. Pink rot
3. Dry rot
4. Soft rot
5. Brown rot
6. Silver Scurf
7. Charcoal rot
8. Pythium leak
1. Late blight
The illness responsible for the 1840s Irish potato famine was late blight. M. J. Berkeley Schumann was the first to describe the pathogen (G.L. and C. J. D Arcy, 2000). Phytophthora infestans, the cause of late blight, has long been a major global crop disease affecting tomatoes and potatoes. In India, compared to the plains, losses are greater in hilly areas where crops are cultivated under rain-fed conditions. Late blight affects every part of the plant, although it especially affects the leaves, stems, and tubers. First indicators on leaves are pale green, water-soaked patches that range in size from 2 to 10 mm, particularly on the tips and edges. Spots can appear anywhere on leaves in humid conditions, spread swiftly, and finally turn necrotic and black instantly destroying the leaf. Light brown lesions appear on the stem, encircling and lengthening the stem and petioles before breaking them and instantaneously killing. the plant and its leaves. The tubers have rough indentations on their surface that have a hint of purple on the edges. The most common sign is a darkening of the flesh that is rusty brown.
Management of Late blight (Phytophthora infestans)
· Using nutritious seed Only seed free of illnesses should be used. Avoid using seed from a crop that was affected by late blight the year before.
· Choosing a resistant cultivar
· Posing soils with enough drainage for growing potatoes.
· To minimize tuber infection, destroy and remove the haulms from the field when the disease severity reaches >80%.
2. Pink Rot
Around the world, pink rot of potatoes is a significant soil-borne storage disease. When tubers are getting close to maturity, the disease is typically related with high soil moisture. It is also a significant issue in poorly drained soils. Pink rot was first discovered in North America in 1938 in Maine, when it was originally documented in the United States. The term "pink rot" refers to the pink hue that appears in diseased tuber tissue after cutting and 15 to 30 minutes of air exposure. Taylor et al., (2012) A soil-borne fungus called Phytophthora erythroseptica, which causes pink rot, creates thick-walled sexual spores called oospores that can live and stay in the soil for up to 7 years. On tubers, the disease's symptoms are more noticeable and clearer. Deterioration initially shows up at or around the tuber's stem or stolon end. A dark line that may be seen through the tuber skin indicates the location of the decaying section when infected tubers are cut open.
Early on in the infection process, infected tissue becomes rubbery but does not turn brown. As wilting advances from the base of the stem upward, it results in leaf defoliation, drying out, and yellowing.
Management of Pink Rot of Potato
· Keep the soil from being too wet, especially late in the growing season.
· Before harvesting, allow tubers to have a strong skin set.
· When harvesting tubers, avoid cutting or damaging them.

· Do not gather tubers from the field's poorly drained areas.
· Don't pick tubers if the pulp temperature is higher than 65°F.
· Before piling, remove contaminated tubers from the crop.
· Use strong airflows to keep the material from condensing during storage.
· Cure tubers between 45° and 50°F and above 90% relative humidity to promote wound healing. 8. As soon as possible, bring the tuber pulp that has been stored down to 50°F or below.
3. Dry Rot/Fusarium Rot 
It is one of the most important post-harvest disease of potato tuber. Both seed and table potatoes suffer significant losses while being stored and transported. Healthy tubers can become infected by bumps and cuts sustained during harvest, handling, and transportation, but dry rot symptoms typically don't show up until one to two months after the tubers have been stored. The losses brought on by dry rot in lowlands and hills range from 5 to 23 percent. The dry rot-infected tubers' skin initially turns brown, then darkens and wrinkles. Often, these creases are grouped in crooked, concentric circles. Fusarium is the genus that causes it. This fungus causes potatoes to decay in a range of colors. In November 2019, the average incidence of dry rot, scab, and soft rot was 1.85%, 4.44%, and 2.54%, respectively, according to Monjil et al., (2021). In these markets, post-harvest illnesses resulted in a total of 8.83% of losses. In the meantime, 13.78% of the total potato loss was attributed to physical anomalies. 
Management of Dry Rot/Fusarium Rot
· Dry rot is better controlled by gathering tubers from dead plants, being careful not to hurt others, and allowing air to circulate during storage.
· Sow seeds in soil that is warm enough to encourage the growth of sprouts and the healing of wounds. Handle seed tubers with care both during planting preparation and before storing.
· One week before chopping or planting, warm seed tubers to 60-68 degrees Fahrenheit.
· Make sure the seed pieces are free of symptoms by physically inspecting them and using disease-free seed. Before cutting, seed should be slightly warmed to 50 degrees Fahrenheit from its storage temperature of 40 to 42 degrees.


4. Soft Rot
Potato soft rot can result in significant losses during storage, contingent on the crop's value and the intensity of the disease. A tiny area of the tuber tissue first gets moist and malleable at the lenticels or the stolen attachment site. Low humidity can cause the initial soft rot lesions to grow depressed and dry. In situations when there is an abundance of moisture, lesions may form and extend to larger areas. According to Rifat et al., (2014), depending on the crop's worth and the intensity of the attack during storage, losses due to soft rot bacteria can have a significant economic impact. Although many other types of bacteria can produce bacterial soft rots, the most common culprits are gram-negative bacteria such as Erwinia, Pectobacterium, and Pseudomonas It has been predicted that losses from post-harvest bacterial soft rot can range from 15 to 30 percent of the harvested crop (Agrios, 2007).
Management of Soft Rot
· A minimum nitrogen dose of 150 kg/ha should be used, sufficient drainage should be provided, and excessive irrigation should be avoided.
· Timing of planting should be adjusted to avoid hot weather when plants are emerging Before the soil temperature climbs above 28°C, harvest the crop
· Only picking the harvest once the tuber skin has completely cured
· Protecting tubers from harm and classifying damaged or bruised tubers.
· Apply 3% boric acid to seed tubers prior to storage and let them dry in the shade for 30 minutes.
5. Brown Rot/Bacterial Rot
One of the most harmful potato diseases in the world is brown rot. The disease is widespread throughout India's potato-growing regions, with the exception of the northwestern plains, which include Rajasthan Punjab, and Haryana, the north central region of Uttar Pradesh, and the northwestern high hills. The disease is expected to spread to new locations with an increase in the global temperature. The disease causes two types of crop damage: premature plant mortality and wilting, which results in a complete loss of output; and rot of tubers during storage and transportation. It is caused by bacteria Ralstonia solanacearum. The first sign is a minor wilting
of the leaves on the upper branch on sunny, clear days. The decrease of turgidity causes the leaves to droop, which is followed by complete, irreversible wilt.

Management of Brown Rot/ Bacterial Rot
· Approximately 80% of bacterial wilt issues can be resolved by using healthy planting material.
· Steer clear of tillage operations: Root or stolen injuries are the entry points for pathogens into plants. Intercultural surgeries cannot be performed without risk of such injuries.
· If the field is already contaminated, implementing the following agronomic techniques will help to decrease the disease:
· Rotation of crops Use crops like cereals and other crops to rotate your crops every two to three-year.
· Crop rotation is generally recognized to be crucial for preserving crop yield and minimizing the accumulation of illnesses and pathogens carried by the soil (Cook 2000, Krupinsky et al., 2002). 
· Planting potatoes carly lowers their risk of developing brown rot.
6. Silver Scurf
A common illness known as potato silver scurf causes silvery skin lesions to form on the periderm of tubers. The "silver scurf" fungus damages tubers during storage as well as potato plants in the field. It spreads via both seeds and the soil. Helminthosporium solani, an ascomycete fungus of the class Dothidiomycetes and order Pleosporales, is the causative agent of potato silver scurf disease. (Kirk et al., 2008). Although some tubers catch an infection in the field at first, storage facilities suffer the most harm. The damage increases with the amount of time tubers are stored. Silver scurf also affects the processing trade, according to Tiwari et al., (2020), as seen by the blackish burnt appearance of chips made from extensively infested tubers.
Management of Silver scurf
· Use seed that is disease-free or almost disease-free.
· Till frost or vine death, keep vines in good health.
· Harvest potatoes once the skins have sufficiently hardened.
· Keep storage temperatures in the lower range of ideal. Wait at least three years between potato plantings and follow appropriate crop rotation practices.
· Before storing, check potatoes for the presence of silver scurf and modify storage durations as necessary.

7. Charcoal rot
On infected host tissue, the fungus that causes charcoal rot survives as microscopic sclerotia. On contaminated seed tubers, the infection can spread. Microsclerotia can endure for a very long time on soil-borne plant waste. When the soil temperature reaches 90°F or above, tubers are more susceptible to infection. The illness Charcoal rot, or Macrophomina phascolina, is a common disease that affects many different host plants, including potatoes, and is found in tropical and subtropical regions. According to Arora (2012), charcoal rot in this crop can lower the marketable quality of the tubers and result in up to 88% output losses. (Somani 2007).
Management of Charcoal rot
· Plant tubers of verified seed. Although there are no resistant potato cultivars, carly-season varieties may not sustain harm in affected fields.
· Harvest as soon as the tubers are fully developed and, if at all possible, before the soil reaches 82°F.
· Avoid damaging tubers when harvesting them.
· For a number of years, rotation to non-host crops is necessary to lower disease incidence.
8. Pythium leak
The majority of these illnesses manifest in the field and affect the plant's tuber and leaves in various ways. These pathogens can be found in soil and tubers. As a result, these illnesses can emerge both in the field and during storage. In order to control disease during storage and transportation, pre harvest disease management practices are crucial. Postharvest disease losses may arise from the processing of products from harvest to consumption. Estimating the value of the produce lost due to postharvest wastage requires taking into consideration expenditures associated with harvesting, packaging, and transportation in addition to primary and secondary agricultural practices.
Management of Pythium leak
· To prevent situations that are conducive to both pink rot and leak, choose locations with well-drained soils.
· Use potato crop rotations for a minimum of four years.
· Do not overwater close to harvest.
· Prior to harvest, allow tubers to reach full maturity

· Try to avoid bruising the tubers.
Important Post-Harvest losses of Potatoes 
Due to a lack of ware and seed potato storage technology, farmers are forced to store their potato harvest for an extended amount of time. According to Gebremedhin et al. (2001), harvesting crops that were planted between 125 and 230 days later resulted in notable production decreases 70-100%). According to Jaiswal et al., (2022), transpiration weight loss was the primary cause of losses during handling, curing and packaging, while unpicked potatoes accounted for the majority of losses during agricultural operations. Heap storage resulted in the largest losses, which were followed by storage at 10-12 °C and 2-4 °C. Potatoes should ideally be stored at 10-12 °C with a sprout suppressor. not in an at 2-4 C. heap According to Clark et al., (2004), mechanical damage, excessive temperatures, and pathogens are among the physical, environmental, and biological factors that mostly cause post-harvest losses. The various ways that a tuber responds to excessive or insufficient heat, cold, or humidity are considered physical losses. Adequate storage is required to prevent water loss, control air and gas exchange (oxygen, carbon dioxide, and ethylene), and maintain the proper temperature. Heat exchange and ventilation are also made possible by it. Damage caused by mechanical means is often overlooked. In addition to being a loss in and of itself, physical injury can result in further physiological and pathological losses. Mechanical damage can arise from hilling, harvesting, and handling operations such as grading, transportation, and marketing. (Degebasa, 2020).
The weight of seed tubers, the spread of disease, water loss, and sprouting are all impacted by storage conditions like temperature, light, and relative humidity. Wustman (2007). A product's acceptability, edibility, and nutrient/caloric content are all impacted by quality losses. Developed nations tend to experience these losses more frequently (Kader 2002). Nath et al., (2018) adopting the proper handling, marketing, packaging, shipping. and storage procedures, improving pre-harvest factors and harvesting practices, and implementing breeding techniques for a longer shelf life can all help reduce post-harvest losses.
Respiration
The physiological activity in storage is indicated by respiration rate, which is defined by 02 intakes, CO2 production, and heat production. The findings showed that both temperature and mechanical damage levels had a substantial impact on weight loss and respiration rate. At S°C. respiration rate and weight loss were at their lowest, while at 15°C, they were at their highest. Ghazavi et al., (2010). Respiratory rate measurements revealed that, in these circumstances, water loss accounts for 86% of weight loss. Deterioration is caused by water loss, which encourages rotting in certain environmental circumstances. Rees et al. (2003)
Reducing Sugar
The amount of reducing sugar surged as a result of the reduced respiration rate and the enzymatic conversion of starch and sucrose to reducing sugar (Amjad et al., 2020) The enzyme invertase which hydrolyzes sucrose, is highly active at lower storage temperatures (Singh & Kaur, 2009). Seed potatoes are typically kept in storage at 2-4°C. Because there is a year round demand for ware for processing potatoes, both short and long-term storage are requited. To prevent sugar buildup, potatoes for ware and processing are kept at warmer temperature 8-12°C). Gottschalk, K., & Ezekiel, R. (2006).
Loss of Moisture
Water from tubers is lost because to evaporation. The local water vapor pressure deficit, or the air's capacity to dry out, and the weather in the area have a direct impact on the rite of water loss. Produce that has lost moisture eventually loses quality and becomes unmarketable (Singh & Kaur. 2016) Because of their more porous epidermis, immature tubers lose water more quickly. When sprouting begins, this rate of water loss increases because the surface of the sprouts is more permeable to vaporized water. (Pinhero and others, 2009).
Loss in Dry matter content
During storage, tuber respiration causes dry matter loses. Dry matter loss will reach 1.3% per month when sprouting is well advanced, and it will range from 1% to 2% of fresh weight in the following months, (Abewoy, D. 2021). Temperature and humidity during storage have an effect on the dry material in terms of water content and fluctuations in the specific gravity of the tubers. (Blenkinsop et al., 2002).
Table 1 : Estimated Post-Harvest Losses per Quintal of Potatoes at Various On-Farm Handling Stages
	Stages
	Losses (kg/q)
	Losses (q/ha)
	% of total loss

	Harvesting 
	5.84
	6.80
	72.31

	Grading & Packaging 
	0.94
	1.10
	11.65

	Handling & Transportation 
	0.54
	0.63
	6.73

	Marketing 
	0.75
	0.88
	9.31

	Total 
	8.07
	9.40
	100



Some Disorders of Potato Tubers
Abnormalities of the tubers that are not brought on by animals, insects, or viral diseases are known as physiological disorders. An abundance of potatoes on the plant, dietary deficits, or environmental stress can all lead to anomalies in the tubers.
Sprouting
Sprouting is one of the most important physiological processes affecting the quality of postharvest tubers. Potatoes that have been harvested dormant for six to twelve weeks will vary depending on the variety and storage temperatures. When the latent state of tubers is disturbed after two to three months of storage, sprouting may begin, high storage temperatures will accelerate sprouting. This process is accompanied by further physiological and metabolic alterations, such as elevated respiration, decreased water retention, decreased sugar content, and decreased glycoalkaloid content Galindo A (2004)
Greening
After being exposed to light for a few days, potato tubers turn green. Chlorophyll has accumulated in the tuber's outer cell layers, which is the cause of this. In the field, in storage, on the shop shelf, greening can happen at any point in the potato supply chain. The primary component that influences greening is light exposure. When potatoes are kept in the dark, they cannot turn green. The rate of greening can he influenced by a variety of factors, including planting depth, tuber physiological age, temperature. air oxygen levels, illumination, and culture. Potatoes can become green for a variety of reasons other than just exposure to light. Variability, age and maturity, temperature, light intensity and quality, and light duration all have an impact on greening. Sengul et al., (2004).



Methods of potato Storage
1. Heap method
Paul et al., (2002) reported the in Maharashtra, Karnataka, Uttar Pradesh, and other states, heaps are popular for storing potatoes. The most typical conventional technique of keeping potatoes is to use them for processing or value addition. Just outside the settlement. potatoes are piled up under the shade of trees. Available straw material is spread over the piles in a layer that is roughly 30 cm thick. The growers typically keep 6 to 30 tonnes of potatoes in each mound. If heaps are improperly constructed and sliced, cracked, bruised, sick, and rotten potatoes are not removed by sorting before storage, losses in heaps can even reach up to 40%
2. Pit method
The traditional method of pit storage is particularly well-liked in Madhya Pradesh. In a darkened area, pits are created. There are two different kinds of pits: katcha pits and pucca pits (katcha pits are not lined with a brick wall whereas pucca pits are). The pits can be either circular or rectangular in shape. Prevailing temperature and relative humidity between Katcha Pit and Pucca Pit showed essentially no changes. In pit storage, an average temperature of 25.6°C (12.4°C below ambient) and a RH of roughly 66% (23% over ambient) were maintained. The storing of potatoes in pits results in more desirable potato chipping quality for processing needs. Paul et al., (2002)
3. Diffused Light Store
The Diffused Light Store (DLS), a straightforward arrangement for storing potato seeds, guarantees proper seed sprouting. It permits the short-term storage of a small amount of seed for up to 6 months (depending on the local ambient temperature, the cooler the place, the better). The store is composed of wood with large open spaces to let diffused light in. D.S uses natural indirect light and ambient air ventilation. It also has roof lights and seed potatoes can be stored there for 5-7 months or until the following planting season (Muthoni et al., 2014). 
4. Cold storage
To preserve food products, cold storage is frequently referred to as refrigerated warehouse. The quality of the items and their subsequent susceptibility to handling are influenced by storage conditions and the amount of time spent in storage. Food goods can be kept for longer lengths of time and sold during seasons of the four when no manufacture is feasible by reducing the temperature during storage. Typically, seed potatoes are stored between two and four degrees Celsius. But because starch is converted tis sugar at this temperature, potatoes become sweeter and less appealing to consumers. As a result, consumers will usually pay extra for "fresh" potatoes-that is, potatoes that haven't been kept in cold storage (Minten et al., 2010). Storage rooms cold temperatures aid in preventing the spread of disease, although other preventative measures like cleaning are still necessary (Bachmann et al., (2000).
Results and Discussion
Elphinstone (2007) stated that a high concentration of the disease accumulates in subpar storage structures and spreads throughout the field reducing yields and seed quality. A survey that details the loss and damage occurring along the potato value chain states that about 25% of potatoes in stores were harmed as a result of post-harvest quality decline,) Kaguongo et al., 2014. 
Raghuvanshi et al., (2018), the predictable post-harvest losses per quintal of potatoes produced or handled at various farm-level stages. Potato yields at the farm level were estimated to be 8.07 kg/q. The greatest percentage of losses was observed during harvesting 72.31. percent of total losses at the farm level), with grading and packaging coming in second at 11.65 percent of total losses in potatoes at the farm level. Potato post-harvest losses occur during storage as a result of weight loss, sprouting, and rotting, all of which are influenced by the storage environment. The possibility of unacceptably high moisture loss, disease propagation, mould infections, and insect pest attack makes potatoes extremely vulnerable to quality loss. During storage potatoes gradually lose weight and quality due to changes in moisture, respiration, and sugar levels. (Kuyu et al., 2019)
Before being utilized or sold in the market, the majority of potatoes that are harvested are stored for a while (Gharavi & Hoshmand, 2010).
According to Czajkowski et al., (2011), bacterial soft rot alone responsible for 30-50% of the enormous yearly loss of potatoes, which results from fungal, bacterial, viral, and insect attacks on potato tubers and plants. These factors cause around 22% of the annual loss of potatoes. According to Okonya et al., (2016), inadequate storage structures also lead to a rise in insect and disease attacks in fields and warehouses, which reduces yields.
Conclusion
Potato tubers have significant post-harvest losses, thus reducing them is imperative. Post-harvest processing and storage are critical components of modern agricultural systems that must be included to avoid catastrophic losses, particularly in situations where the environment encourages the formation and spread of diseases and disorders. A few examples of effective post-harvest procedures for potato tubers are harvesting, cleaning, chilling, storing, marketing, and providing enough transportation. Storage management and treatments administered from seed storage to growth and harvest all have an impact on the reduction of potato quality loss during storage. Tubers can be efficiently stored and these losses minimized by practicing good crop management and setting up optimal storage conditions. The current review aims to give a general overview of the illnesses and pathogenesis of decay fungi related to potatoes, as well as developments in disease prevention and post-harvest management techniques.
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