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Abstract

Onion (Allium cepa L.) is a vital commercial vegetable crop cultivated worldwide for its culinary, nutritional, and medicinal properties. India ranks among the top producers, yet productivity remains low due to climatic constraints, pest and disease pressure, and limited adoption of improved cultivars. Understanding genetic variability is essential for effective selection and crop improvement. Numerous studies have demonstrated significant variation among onion genotypes in yield, bulb size, quality traits, and adaptability across regions and seasons. Traditional breeding approaches, when combined with modern molecular marker technologies, have accelerated the identification of superior genotypes and enhanced breeding precision. Molecular markers such as RAPD, SSR, AFLP, and SNPs are increasingly used to assess genetic diversity, map desirable traits, and support marker-assisted selection. These tools have proven valuable in identifying high-yielding, disease-resistant, and stress-tolerant onion varieties. Integration of molecular marker-based strategies with conventional breeding offers a promising pathway for developing improved onion cultivars suited to diverse agro-climatic conditions. This review consolidates current research on onion production, genetic diversity, and molecular marker applications, highlighting future prospects for sustainable onion improvement.
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Introduction
Onion (Allium cepa L.) is by far the most important vegetable crop grown in India. It is valued for its distinct pungent flavour and has an extensive culinary, dietary, therapeutic, trading, income and employment generation value. Nutritive value of onion varies from variety to variety. Small sized onions are more nutritive than big ones. Its major value is in its flavour. Onion ranks medium in calorific values, low in protein and very low in vitamins. It has very good medicinal value. Important components like, allicin, ajoene, allixin thiosulfinates and sulphites etc. present in onion helps fighting against free radicals which causes cancer, high blood cholesterol, sugar, liver and intestinal problems. It is one of the few versatile vegetable crops that can be kept for a fairly long period and can safely withstand the hazards of rough handling including long distance transport. Onion is grown throughout the world and major producing countries are China, India, U.S.A., Turkey, Pakistan, Iran, Japan, Russian Federation, Spain and Brazil. In India, onion is being grown in an area of 1.167 million hectare with the production of 20.21 million tonnes and the productivity is 17.32 tonnes ha-1 (Anon., 2016). Maharashtra, Gujarat, Madhya Pradesh, Karnataka, Orissa, Uttar Pradesh, Andhra Pradesh and Tamil Nadu are the major onion producing states. Onion is the pride of India’s agricultural exports and earns valuable foreign exchange for the country. Of the total fresh vegetable exports, the share of onion is 67 per cent. During 2016-17, the export of onion from the country is around 2.4 million tonnes with the value to the tune of Rs. 3,386 crores (APEDA, 2017). The major importing countries of onion from India are UAE, Singapore, Gulf Countries, Sri Lanka and Bangladesh. In India onion is predominantly grown as a Rabi crop. But the country being blessed with the unique gift of nature of diverse climates and distinct seasons, making possible to grow an array of vegetable including onion in different seasons. With the availability of suitable climate, Kharif onion cultivation is a new introduction in North, Eastern and Central India. Out of the total onion production, 30% accounts for Kharif and late Kharif season and 70% to Rabi season. Most onion varieties are very sensitive to day length and temperature and as such specific varieties are developed for particular season and agro-climatic zones. The production and productivity of onion in India are very low as compared to many other countries. Unawareness of the farmers about suitable seasons, varieties for different seasons, climate, soil and improved cultivation techniques, as well as diseases and pests damaging the crop and their control measures and post-harvest management are though the main reasons, unawareness of characteristics of varieties, seasonality’s and proper post harvest practices by marketing agencies are also important reasons responsible for limiting the production and productivity of onion indirectly. In West Bengal, onion is generally grown during Rabi season and the bulb is made available from April onwards with production of 3.43 lakh metric tons during 2015-16(Anon., 2016) from an area of about 22.0 thousand hectare. The state has to depend on other states which produce Kharif and late Kharif onion for the supply of bulbs during October to March. Such dependence sometimes resulted in abnormal increase in price. Such situation may be improved to some extent if the possibilities and potentialities of Kharif onion growing are exploited. In the traditional onion growing areas, its cultivation in Kharif is not commonly practiced mainly because of weather vagaries and unawareness of the farmers to its production technology. Seedlings raising is another problem during that period which may be overcome if it is practiced under protected situation. In the traditional upland rice areas, jute, cauliflower, brinjal, okra and cucurbits, etc. are generally grown during the mentioned season and these crops frequently do not fetch remunerative prices. In such situation Kharif onion cultivation may play a supplementary role. The phenotypic expression of the plant characters is mainly controlled by its genetic makeup and the environment, in which it is grown. Further, the genetic variance of any quantitative trait is composed of additive variance (heritable) and non-additive variance and include dominance and epistasis (non-allelic interaction). Therefore, it becomes necessary to partition the observed phenotypic variability into its heritable and non-heritable components with suitable parameters such as genotypic and phenotypic coefficient of variation, heritability and genetic advance. Further, genetic advance can be used to predict the efficiency of selection. Yield is a complex character controlled by a large number of contributing characters and their interactions. A study of correlation between different quantitative characters provides an idea of association that could be effectively exploited to formulate selection strategies for improving yield components. For any effective selection programme, it would be desirable to consider the relative magnitude of association of various characters with yield.
Crop Improvement
The knowledge of onion genetic variability and resources is limited mainly due to a paucity of public markers and germplasm resources and their outbreeding and biennial habit (McCallum and Havey, 2006). A comparison of plant phenotypes is the simplest approach to the characterization of genotypes and the assessment of genetic diversity; however, phenotypic evaluation is influenced by environment and may not distinguish between closely related accessions (Rodriguez et al., 1999). Molecular markers have proved as valuable tools in the characterization and evaluation of genetic diversity within and between species and populations. It has been shown that different markers might reveal different classes of variation (Russell et al., 1997). Application of molecular markers in breeding has great features and the most important are: the choice of parents, increasing the efficiency of back crossing, selection based on marker-property relationship, identification of genotypes, detection of genes from other species, determining the stability of the genetic composition of cultivars and lines in time and space, protection of copyrights, etc. Among these marker systems, simple sequence repeats (SSR; Fischer and Bachmann, 2000) and random amplified polymorphic DNA (RAPD; Bradeen and Havey, 1995), which is polymerase chain reaction (PCR), based markers, are simple, fast, cheap, and easily automated. Furthermore, RAPD markers are used to quickly and easily determine the genetic diversity of plant material within the population, breeding lines, as well as general collection germplasm, and also useful in genetic analysis of the resistance to the specific diseases of vegetable crops (Zdravkovic et al., 2011). Co-dominant simple sequence repeat (SSR) markers have been successfully used to detect genetic diversity and relationships in onion germplasms (Mahajan et al., 2009). The characteristics of genomic microsatellites (gSSR) are abundant in plant genomes, with reproducibility, high level of polymorphism and co-dominant inheritance (Nicot et al., 2004). Among the foliar diseases, purple blotch (Alternaria porri L.) is one of the most destructive diseases, commonly prevailing in almost all onion growing areas of the world, which causes heavy loss in onions under field conditions. In recent years, the disease has become menace to onion growers in India. The yield loss of onion in India due to this disease under favourable conditions varies from 5.0-96.5 percent (Gupta et al., 1994). Purple blotch is prevalent on leaves and seed stalk of onions and cause serious damage and due to this onion production is reduced which adversely affects exports and also results price hike within the country. 
Varietal Selection
Onion varieties show wide range of variations among themselves. This causes difficulty in identifying the superiority of particular variety. Thus, before embarking upon any crop improvement programme, comprehensive study of existing variability is very essential. The inter-relationship between different characters is also of considerable significance since this helps in making simultaneous selection for different economic traits. Kalra et al. (1995) studied the growth, pungency and flavour characteristics of different varieties of onions during bulb development. They observed fresh weight and dry weight, bulb diameter, total pyruvic acid content increased throughout bulb development. Bulb size was greatest after 120 days in cultivars VL-3 and 102-1, they noted. Pramanick et al. (1999) observed significant differences between the varieties/lines for all the characters. They reported that Pusa Red gave the highest yield followed by SI 126. However, SI 126 had the highest total soluble solids, dry matter (%) and ascorbic acid contents, making it suitable for the table, for dehydration as well as for storage purposes, they observed. They reported that Early Grano was least pungent followed by N 53 and SI 106, and Early Grano was the poorest in keeping quality followed by SI 13. They reported that Early Grano was early among the varieties. Mohanty et al. (2000) observed that Kharif onion variety N-53 produced the tallest plant (58.5 cm) with maximum number of leaves/plant (17.5) whereas var. Arka Pitambar recorded the most dwarf plants (37.4 cm) with minimum number of leaves/plant (7.8), least diameter of bulb (4.2 cm) and the lowest bulb yield (156.8 q/ha). The neck thickness of the bulb ranged from 0.6 to 1.1 cm. The varieties Pusa Madhavi (0.6 cm), Agrifound Dark Red (0.7 cm), Arka Kalyan (0.7 cm), Arka Niketan (0.7 cm), Agrifound Light Red (0.8 cm) and Punjab Red Round (0.8 cm) showed thinner neck than the other varieties while N-53 had maximum neck thickness (1.1 cm). The bulb diameter was highest for Arka Kalyan (6.0 cm) which was at par with N-53 (5.8 cm) while it was lowest for Arka Pitambar (4.2 cm) and N 2-4-1 (4.6 cm). The highest bulb weight (90.2 g) was exhibited by N-53 while Pusa Red produced the smallest bulb (48.4 g). The highest total bulb yield of (315.2 q/ha) was obtained from Agrifound Dark Red which was statistically at par with N-53 (302.5 q/ha). Moderate yield of 276.0 q/ha was obtained from Arka Kalyan followed by Nasik Red (274.7 q/ha). Out of the 4 moderate yielders, Agrifound Light Red and Arka Niketan had better keeping quality. From a performance study on onion cultivars, Mohanty and Prusti (2001) recorded the highest yield (21.06 t/ha) from cv. Arka Kalyan which was at par with Arka Niketan (19.64 t/ha) and Pusa Madhavi (18.96 t/ha), while Agrifound Dark Red and N 53 displayed moderately high yield of (18.06 and 17.85 t/ha), respectively. They also opined that cultivars suitable for Rabi crop if grown in the Kharif season could confer equally good bulb yield as that of Kharif cultivars. Arka Niketan and Pusa Madhavi with medium bulb size, better storage quality and high yield are advocated for commercial cultivation in the Kharif season. Evaluation of 12 varieties of onion during Kharif season revealed that Pusa Madhavi, Arka Niketan, Punjab Red Round, Agrifound Dark Red, Arka Pitamber and Agrifound Light Red produced small to medium sized bulb with thinner neck depicting better storage quality. The varieties N 53 and Arka Kalyan produced significantly higher bulb yield (228.54 and 220.60 q/ha, respectively) than other varieties (Mohanty and Prusti, 2002a). Mohanty et al. (2002) studied the performance of onion cultivars during Kharif season in Bhawanipatna, Orissa and reported that varieties like Agrifound Dark Red and N 53 recorded significantly higher yield (280.40 and 270.52 q/ha, respectively) than other varieties. Pusa Madhavi, Arka Niketan and Punjab Red Round had the greatest potential for better storage quality. Agrifound Dark Red was suggested for cultivation in Kharif season. Jain and Sarkar (2002) reported that plant height, number of leaves per plant and bulb diameter was highest in Arka Niketan but the yield was highest in Agrifound Dark Red followed by Arka Niketan. Cheema et al. (2003) studied the nine exotic onion genotypes and observed highest number of leaves (14.17) and the lowest bolting percentage in AC-383-I while Red Nashik showed the lowest neck diameter (1.27 cm). Dubey et al. (2004) studied the yield and different yield and bulb quality characters, including bulb diameter and size index, weight of 20 bulbs, percentage of Review of Literature | 6 doubles and bolters, total soluble solids, dry matter, gross and marketable yield in onion. They reported that performance of Agrifound Light Red was stable for bulb development and bulb yield. Onion cvs. Baswant-780, Arka Kalyan and Agrifound Light Red had higher weight & diameter of bulb and bulb yield as reported by Mahanthesh et al. (2005). Gautam et al. (2006) studied the performance of different varieties of onion and their transplanting time for off-season production in mid hill conditions. They observed the highest fresh bulb yield (16.63 t /ha) was on the variety N-53. According to Mahanthesh et al. (2007) plant height, number of leaves per plant, neck thickness, number and thickness of bulb, weight and volume of bulb had positive and significant correlation with the bulb yield. Thus, it would be rewarding to lay due emphasis on the selection of these characters for rapid improvement on bulb yield of onion. In Regional Research and Technology Transfer Station, Keonjhar, Orissa, Das (2008) conducted an experiment during Kharif season to study the effect of seedling age and variety on the yield of Kharif Onion. They observed that 45 days old seedlings of the variety Nasik Red out yielded all other varieties by producing the highest yield of 438.41 q/ha and gradually yield decreased when seedling age subsequently 75 days old. Mahanthesh et al. (2008) carried out an experiment on the screening of different onion (Allium cepa L.) genotypes for bulb size and other characters of onion bulbs conducted during Kharif seasons under rainfed conditions at the Agricultural Research station, Hiriyur in Central Dry Zone of Karnataka. The genotypes Baswant -780 and Arka Kalyan which gave bigger sized bulbs with maximum weight, volume and diameter of bulb, number and thickness of rings per bulb. It was observed bulb weight was positively associated with polar diameter, length and girth of bulb. However, it was negatively correlated with days to maturity and total soluble solids. Supe et al. (2008) were conducted experiment at Onion Research Station, Pimpalgaon Baswant (Nashik) to evaluate eight new onion genotypes during rangda (Late Kharif) season. The results revealed that among the different genotypes S-1 proved to be superior in terms of growth and yield parameters like days to 50% top fall after transplanting (86 DAT), neck thickness (1.19cm), maximum bulb to green top ratio (4.47), lowest premature bolting percentage (3.17%), less twin bulb percentage (5.03%) and highest bulb yield per ha. (525.31q/ha). The same selection also recorded minimum purple blotch index (12%) among all the selections and varieties tested. Giri et al. (2009) studied the performance of onion cultivars during Kharif season in the plains of West Bengal. The results revealed that cultivars like Agrifound Dark Red, Baswant-780, Agrifound Light Red and N-53 among other cultivars tested in this experiment have the better potentialities to grow as a Kharif crop. The highest bulb yield (170.30 q/ha) was obtained in Agrifound Dark Red followed by Baswant-780 (151.40 q/ha). Baswant-780 was the top yielded with a mean bulb production of 230.50 q/ha. Agrifound Dark Red (AFDR) and N-53 with a yield potential of 199.40 and 176.50 q/ha, respectively were the next best performers In that order. The study marked that highest yield manifested by B-780 was accompanied by better growth and larger size of bulbs. (Sharma, 2009). Onion varieties Baswant-780 and Agrifound Dark Red excelled the existing recommended Kharif onion variety N-53 by producing 200.7 q/ha with 74.7 g bulb size and 179.1 q/ha with 69.5 g bulb size, respectively; thus these varieties were also found suitable for cultivation during kharif season in the lower hills of Himachal Pradesh (Dev, 2009). Hazra et al. (2009) studied on identification of suitable early rabi onion varieties under West Bengal condition. Early-rabi onion with planting of seedlings in the first week of October employing the varieties like, Baswant 780, Agrifound Dark Red, Arka Pragati and Phule Safed and harvesting the bulbs during last week of February appeared to be the best. Sarada et al. (2009) evaluated the performance of 8 onion cultivars (Agrifound Dark Red, Agrifound Light Red, Arka Niketan, Arka Kalyan, Arka Pragati, Pusa Red, N 53 and Nasik Red) in black soils in the Krishna-Godavari zone of Andhra Pradesh, India. They noted that cultivars varied significantly in growth and yield parameters. Arka Kalyan produced the tallest plants (61.14 cm) and Arka Niketan and Arka Kalyan were superior in terms of number of leaves per plant (16.7 and 15.4, respectively). Bhatia et al. (2009) evaluated the onion genotypes for growth and yield under Hisar conditions. They reported that variety Pusa White Round gave the highest yield (283.0 q/ha) and minimum yield was recorded in NRCWO-2 (153.5 q/ha). Review of Literature | 8 Bhat and Bhusan (2009) experimented on different onion genotypes (Agrifound Dark Red, L-28, Agrifound Light Red, N-53, Arka Niketan, Yellow Globe, Brown Spanish, Arka Kalyan, Patna Red and Local genotype). They reported that Agrifound Light Red recorded the maximum yield of 35.2 q/ha followed by Arka Niketan (33.9 q/ha) that was found significantly higher than all other cultivars. In Krishi Vigyan Kendra of Haveri, Karnataka, Hiremath and Nagaraj (2009) conducted front line demonstration trials on onion. They observed that Arka Kalyan recorded higher yield of 18.57 t/ha compared to Bellary red (10.33 t/ha). The percentage increase in the yield over respective local control was 28.96 and 21.53 for Arka Kalyan and Bellary Red respectively, they noted. They also reported that yield fluctuation was due to variation in soil moisture availability, rainfall, soil type and pest attack as well as change in the location of trials every year. Lakshmi and Padma (2011) evaluated onion varieties in high altitude and tribal zone of Andhra Pradesh. The results revealed that B-780 followed by Phule Samarth recorded significantly higher yield (24.14 and 23.86 t/ha, respectively) compared to other cultivars due to the production of significantly larger size bulbs with more length, diameter and weight. It was found that kharif varieties if grown in rabi season could also confer good bulb yield. Though B-780, Agrifound Dark Red and Arka Kalyan are recommended for rainy season, the yields conferred that they could be grown in rabi season also under tribal zone of Andhra Pradesh. Birari et al. (2011) studied the performance of twelve genotypes of onion (Allium cepa var. cepa l.) under Parbhani agro-climatic conditions. They recorded maximum bulb yield in Agrifound Light Red (43.08 t/ha) followed by L-28 (39.19 t/ha), J.N. DOW-207 (37.03 t/ha). They reported that genotype Agrifound Dark Red was found superior for most of the traits viz., less bolting percentage, less twin bulb percentage, maximum shape index, and more number of bulb per kg. Chandrika and Reddy (2011) studied the varietal performance of onion to varied planting patterns in the non-traditional area of Southern Agro-climatic zone of A.P. The genotype Arka Pragathi was superior to Agrifound Light Red, Arka Niketan and Arka Kalyan with taller plants, producing more leaves per plant, accumulated higher dry matter, bulbs of superior quality with longer length, diameter and weight. It produced maximum bulb yield of 33.83 t/ha in 2004 and 24.64 t /ha in 2005 and fetched mean maximum profit of Rs. 85588 and benefit cost ratio of 3.74. Under Akola condition Jogdande et al. (2011) evaluated the performance of ten onion genotypes (Local-1, Local-2, Local-3, Locals-4, Local-5, Local-6, Kalwan Local, Chandur Local, Akola Safed and Agrifound Light Red). They reported that Agrifound Light Red produced maximum plant height, maximum number of leaves per plant was produced by Local-1 and Local-6 took minimum period for harvesting of bulb. Maximum weight of fresh bulb, cured bulb, marketable yield per hectare was recorded in variety Akola Safed. Singh et al. (2011) observed a wide range of variability in plant height (54.95 to 71.80 cm) of onion. They reported that marketable yield was significantly and positively correlated with plant height, neck thickness. Navaldey et al. (2011) conducted an experiment was on genetic variability studies in onion. They reported highest phenotypic and genotypic coefficient of variations on plant height (12.00-11.57%). At Department of Horticulture, Marathwada Agricultural University, Parbhani (Maharashtra), Pardesi and Wasker (2012) investigated the performance of improved onion varieties. The results revealed that variety Arka Niketan (Check) was early in maturity, while variety PKV Selection White was best for low twin bulb percent. The neck thickness was lowest in variety Sel-383. Yield of bulb was found to be highest in variety JNDWD-207. Dwivedi et al. (2012) evaluated eight improved cultivars of onion (VL-1, VL-3, Arka Niketan, Arka Kalyan, Pusa Red, Pusa White flat, Pusa Hybrid 107 and Pusa Hybrid 102) for growth, yield and quality traits under agro-climatic conditions of Kymore Plateau region of Madhya Pradesh. They reported that variety Pusa Hybrid 102 recorded significantly highest yield along with width of bulb, weight of bulb and dry matter content followed by Pusa White flat with highest TSS content Naik et al. (2012) evaluated onion varieties under Central Telengana conditions of Andhra Pradesh. They took observations on plant height, yield parameters (bulb diameter and bulb weight) and yield. They reported that Arka Pragati, followed by Light Red onion and Arka Kalyan, was well adapted to the agro-climatic conditions of the Central Telangana zone of Andhra Pradesh in terms of yield. Reddy et al. (2013) studied on evaluation and popularization of onion (Allium cepa var. cepa) varieties during kharif season under semi-arid conditions of Andhra Review of Literature | 10 Pradesh. They reported that Agrifound Dark Red, N-53 and Agrifound White produced bigger size bulbs leading to high bulb yield (37.57, 31.64 and 26.09 t/ha, respectively). Rabi varieties when grown during Kharif season could confer equally good bulb yield as that of kharif varieties. Tripathy et al. (2013) reported that the cultivars Bhima Super, NRCWO-3, NRCRO-4 and Arka Niketan (control) produced significantly high total bulb yield (325.41 to 376.00 q/ha). Umamaheswarappa et al. (2014) studied the morphological and yield attributes of onion (Allium cepa L.) varieties under Central Dry Zone of Karnataka. They reported that the highest and significant polar diameter of bulb (5.40 cm), equatorial diameter of bulb (5.60 cm), bulb weight (74.20 g), total yield (370.50 q/ha) and marketable yield (328.9 q/ha) was noted in the genotype NRCWO-2, NRCWO-2 and HOS-4. They suggested these varieties are to be under cultivation during Kharif season in Central Dry Zone of Karnataka. The highest bulb yield (313.5 q/ha) was recorded in genotypes AVT-I- BLRO 1229 and AVT-II-CLRO-1227, followed by IET hybrid-ALRO-1230 and IET-ALRO 1243(297.0 and 280.5 q/ha, respectively) whereas the lowest bulb yield (171.6 q/ha) was obtained in AVT-II-CLRO-1275 genotypes (Attri et al., 2015). Hirave et al. (2015) reported that the variety N-53 produced the maximum plant height (66.87 cm). While, Bhima Red and Phule Samarth were at par in terms of number of leaves per plant (14.33 and 14.20 cm). Regarding neck thickness, the variety Pune Red recorded minimum value (0.87 cm) which was at par with N-53 (0.93 cm), Bhima Super (0.97 cm) and Baswant-780 (1.03 cm). The variety N-53 produced the maximum bulb diameter (6.61 and 6.36 cm), fresh bulb weight (110.95 and 106.28 gm), cured bulb weight (99.53 and 95.30 gm). However, cultivar Bhima Red recorded maximum marketable yield per hectare (328.57 quintal/ha) which was at par with Bhima Raj (298.41 quintal/ha) and Bhima Super (269.83 quintal/ha), respectively. Tarai et al. (2015) reported that Bhima Kiran and Bhima Shakti recorded the highest bulb length (6.2 cm) and bulb diameter (5.4 cm) respectively. They further reported that better performance was observed in Bhima Shakti, Arka Kalyan and Agrifound Light Red with respect to bulb weight (77.5 g, 75.8 and 72.5 g), yield per plot ( 29 kg, 28.4 kg and 27.2 kg) and yield per ha (24.8 t/ha, 24.3 t/ha and 23.2 t/ha) Review of Literature | 11 respectively. The recorded lowest neck diameter was in N-2-4-1 followed by Arka Niketan and Agrifound Light Red indicating their potentiality for longer storage life. A screening trial was carried out in Krishi Vigyan Kendra, Thrissur, India during 2014-15 to identify the suitable onion varieties for the plains of Thrissur district. Twenty high yielding varieties are evaluated and the biometric and yield parameters were analyzed. The study revealed that onion varieties Bhima Sakthi, Agrifound Light Red, Agrifound White, Arka Kalyan, Bhima Super, and Agrifound Dark Red can be recommended for the plains of Thrissur distrct, Kerala. The results presented based on analysis of data reflects that all varieties tried were appreciable in the field conditions except Bhima Raj in terms of marketable bulb yield and percentage of productive bulbs (Menon et al., 2016).
Genetic Variation and heritability
The effective selection depends upon the heritable components of genetic variation, which can be measured by heritability. Heritability is the portion of genetic variation which is transmitted from generation to generation. Lush (1949) classified heritability into broad sense and narrow sense. Heritability in broad sense is the portion of genetic variance to the total variance and therefore, gives the broad perspective whereas narrow sense heritability is the portion of additive genetic variance to the total variance and gives precise estimate of genetic variability. The knowledge of heritability is therefore essential for crop improvement. The estimates of heritability serve as a useful guide to the breeder. The breeder will be able to realize the proportion of variation that is due to genotypic effect in case of broad sense heritability. If heritability of a character is very high, selections for this character would be fairly successful as there would be close correspondence between genotype and phenotype due to a relatively smaller contribution of environment to the phenotype. But for a character of low heritability, selection may be considerably difficult or virtually impractical due to the masking effect of environment on the genotypic effect (Singh, 1990). Genetic advance is the measure of improvement that can be achieved by practicing selection in population. Since, the estimates of heritability give no indication of the amount of progress expected from the selection they are most meaningful when accompanied by estimates of genetic advance. High genetic advance coupled with high heritability is an indication of more additive gene action (Panse, 1957). Burton and Devane (1953) suggested that the GCV along with the heritability estimate could provide a better depiction of the amount of advance to be expected by phenotypic selection. Review of Literature | 12 Prasad et al. (2005) observed significant variation in plant height among 209 onion lines. Plant height had high heritability associated with low genetic advance (Vidyasagar, et al., 1993). Balareddy (1999) recorded low PCV and GCV and reported very high heritability associated with medium genetic advance. Fatema (2001) reported high heritability associated with high genetic advance as percentage of mean for plant height. But, Sandhu and Korla (1975) observed low heritability and genetic advance for plant height in onion genotypes. Monpara et al. (2005) observed non significant variation among the 106 genotypes for number of leaves per plant. Randhwa et al. (1974) observed significant variation among genotypes for leaf number per plant. Pandian et al. (1980) reported very high heritability for number of leaves per plant, coupled with low genetic advance. But Patil et al. (1986) noticed very high heritability with high value of genetic advance. Mohanty (2002) and Mohanty (2004) observed significant variation among twelve onion varieties reported high GCV and PCV for neck thickness, the heritability was estimated to be highest which was coupled with low genetic advance. Patil (1997) reported low variation among twenty five onion genotypes for neck thickness, the estimates of genetic and phenotypic variance were low, the GCV and PCV also reported to be low. He noticed lower heritability coupled with low genetic advance. However, Patil et al. (1986) observed low heritability with low genetic advance for neck thickness. Haydar et al. (2007) reported non-significant variation for days to maturity among ten onion varieties. He recorded the highest genotypic and phenotypic coefficient of variation. Sidhu et al. (1986) observed moderate heritability for days to maturity with low genetic advance. However, Vidyasagar et al. (1993) reported high heritability with low genetic advance for this character. Patil (1997) observed significant variation among genotypes for number of days to maturity and low PCV and GCV. Moderate to high estimates of heritability coupled with high genetic advance were noticed for days to maturity (Yaso, 2007 a). Bulb weight is an important character, directly related to bulb yield. Significant variation among onion genotypes for bulb weight was noticed by Aliyu et al. (2007). High heritability coupled with high genetic advance for the bulb weight was reported by Singh et al. (1995). McCollum (1971) noticed low heritability. While, Buso and Costa Review of Literature | 13 (1979) reported high heritability and Vidyasagar et al. (1993) observed moderate heritability associated with low genetic advance for bulb weight. McCollum (1968) studied the heritability of bulb diameter and the shape index. He found that heritability was low for the bulb diameter, intermediate for bulb length and high for the shape index. However, bulb yield displayed significant and positive phenotypic and genotypic associations with number of leaves per plant, bulb length; bulb girth and 10-bulb weight (Golani et al., 2006). High heritability together with low genetic advance was reported for per cent dry matter content by Patil et al. (1986). Pavlovic et al. (2007) reported that the genetic variance was higher than that of the environmental and the phenotypic coefficient of variation was higher than genetic coefficient of variation. The values of phenotype variance and heritability in broader sense showed that average dry matter was controlled more by genetic factors than the ecology conditions. Vidyasagar et al. (1993) recorded lower variation (10.4-15%) among genotypes studied for TSS. Sidhu et al. (1986) observed lowest genotypic coefficient of variation for TSS among all the characters studied among different genotypes of onion. The genotypic and phenotypic coefficients of variation were observed to be lowest (Trivedi et al., 2006 (a) and Patil, 1997) for TSS. They also reported higher heritability associated with low genetic advance. Balareddy (1999) reported low to moderate GCV and PCV, high heritability associated with moderate genetic advance for the character TSS. High estimate of genetic advance was recorded for TSS content with moderate to high values of heritability (Yaso, 2007). Genotype environment interactions were significant for all characters, except bulb diameter. The highest genetic variation was observed in bulb yield (150.80-210.60 q/ha). Phenotypic variation was high for neck thickness (22.72%), but moderate for plant height (13.07%), bulb weight (10.65%) and number of leaves per plant (10.61%). High values of heritability coupled with moderate to high genotypic coefficient of variation and genetic gain were observed for the number of leaves per plant, neck thickness, plant height and bulb weight. Bulb yield was significantly and positively correlated with the number of leaves per plant and bulb weight at phenotypic and genotypic levels. Neck thickness was positively correlated with plant height and bulb Review of Literature | 14 diameter, but was negatively correlated with bulb weight and yield at both levels. It was concluded that these two parameters, as well as the number of leaves per plant, were the most important components in the selection for high bulb yield. (Mohanty, 2001) Pavlovic et al. (2003) recorded significant variability for bulb yield. Phenotype coefficient of variation (PCV) was greater than genotype coefficient of variation (GCV). Heritability confirmed that the genotype variability was stronger in the overall phenotype variability. The highest heritability coupled with genetic advance was recorded for sprouting losses, followed by rotting losses and total losses. A study on genetic variability, correlation in storage life of onion (Allium cepa L.) was carried out by Trivedi et al. (2006). The results indicated that a positive direct effect was recorded for the characters like physical loss in weight, bulb weight, non reducing and total sugars, where as negative direct effect was registered for the attributes like rotting and sprouting losses, polar bulb diameter, equatorial bulb diameter, T.S.S., reducing sugars and marketable yield. High heritability was also recorded for total sugar, non-reducing sugar, marketable yield, polar bulb diameter, total soluble solids and physical loss in weight Trivedi et al. (2006 a). Gurjar and Singhania (2006) evaluated thirty cultivars and local landraces of onion and revealed that the PCV were higher than the GCV for the different traits studied. High heritability with moderate to high GCV and genetic gain were recorded for bulb neck thickness, bulb weight and bulb yield, indicating that these traits could be improved by simple selection. Moderate to high heritability with low GCV and genetic gain were observed for plant height, days to maturity, number of leaves per plant, equatorial bulb diameter and dry matter content, indicating the prospective of heterosis breeding for their amelioration. According to Hossain et al. (2008) higher genotypic coefficients of variations were recorded in number of seeds per scape (NSPS), final plant height (FPH), final scape height, fresh weight of bulb and bulb length. These characters also exhibited high heritability along with high genetic advance as percentage of mean. Phenotypic correlation coefficients showed that bulb length, bulb diameter and scape diameter were positively and significantly correlated with fresh weight of bulb. The number of seeds per scape, final scape height, final plant height and number of pseudostem branches at Review of Literature | 15 maximum flowering stage were also positively and significantly correlated with seed yield per scape. Dhotre et al. (2010) reported high heritability coupled with high expected genetic advance for number of rings per bulb, TSS and dry matter content. Bulb yield exhibited positive and significant association with fresh bulb weight, equatorial diameter, TSS and number of rings per bulb and neck thickness was significantly correlated with rotting and total storage loss. Fresh bulb weight, equatorial diameter and bulb shape index exerted positive and direct effect and polar diameter and double/split bulb per cent showed negative direct effect on bulb yield. It was proposed to emphasize more on such characters to improve bulb yield. Hosamani et al. (2010) reported variation was highest for bulb yield per hectare followed by average bulb weight, dry matter content and bulb neck thickness. The genotypic coefficient of variation and phenotypic coefficient of variation were high for yield and average bulb weight. Whereas, moderate variation for all the characters except total soluble solids and number of leaves per plant. The heritability in broad sense lowest in case of number of leaves per plant whereas, highest in dry matter content. Higher heritability estimates were obtained for the dry matter content yield per hectare, total soluble solids and average bulb weight and it was moderate for other traits. Higher estimates of genotypic and phenotypic coefficients of variation were recorded for bulb weight, reducing sugars, non reducing sugars, total sugars, total loss and sulphur content, reducing sugars and sulphur content were registered the higher heritability coupled with high genetic advance was reported by Ananthan (2010). The highest phenotypic and genotypic coefficient of variation was recorded on yield per plot, yield per hectare, bulb size, plant height and bulb weight. Similarly, the high heritability and genetic advance were also recorded on yield per hectare, plant height, bulb size, and bulb weight, being suggesting the major role of genetic constitution in the expression of the characters. Yield per ha had positive and highly significant correlation with yield per plot, TSS and bulb size both at phenotypic and genotypic level, respectively (Navaldey et al., 2011). Morsy et al. (2011) reported Bulb weight had highly significant positive correlation with plant weight, dry matter and TSS in both seasons (Kharif and Rabi). The significant positive correlation was obtained between bulb weight and each of plant height and number of leaves per plant in both seasons. Marketable yield had highly Review of Literature | 16 significant positive correlation with plant height and total yield in both seasons. The significant positive correlation was obtained between marketable yield and each of number of leaves per plant, bulb length, dry matter and TSS content in both seasons. Total yield had highly significant positive correlation with plant height, plant weight, days to maturity and marketable yield in both seasons. Significant positive correlation was obtained between total yield and each of number of leaves per plant, bulb length, dry matter and TSS in both seasons. Dhaduk et al. (2011) reported that the genotypic correlation coefficient was higher than corresponding phenotypic ones for most of characters studied and there is predominant role of heritable factors. Bulb yield showed positive correlation with bulb polar diameter, equatorial diameter, average bulb weight, days to maturity at genotypic level while at phenotypic level yield showed significant and positive relation with average bulb weight. Path coefficient revealed that maximum positive direct effect was recorded by average bulb weight followed by plant height on bulb yield. GCV was higher than corresponding PCV for most of the traits. High heritability along with high genetic advance was observed for bulb yield and neck thickness. Correlation studies revealed significant positive correlation between yield per hectare with plant height, polar and equatorial bulb diameter, bulb weight and moisture content. Maximum direct positive effects were exhibited by equatorial diameter of bulb through average weight of bulb and TSS was reported by Chandanshive et al. (2011) in garlic. Genetic variability and correlation in onion was studied by Ram et al. (2011) during Rabi seasons involving 16 genotypes. Results revealed that the genotype Pusa Madhvi, AOSDRB-0919 and AOSDRB-0913 performed better in terms of yield and yield contributing traits and these lines may be use for breeding program. The highest phenotypic and genotypic coefficient of variations were noted for yield per plot, yield per ha, bulb size, plant height and bulb weight. The high heritability and genetic advance were recorded in yield per plot (86.9 and 0.60%), yield per ha, plant height, bulb size and bulb weight, suggesting the major role of genetic constitution in the expression of the character. Yield per ha had positive and highly significant correlation with yield per plot, TSS and bulb size both at phenotypic and genotypic level respectively. From a study on genetic variability, Bharti et al. (2011) reported that the genotype cv. Pusa Madhavi, AOSDRB-0919 and AOSDRB-0913 performed better in terms of yield and yield attributing characters and therefore, these lines may be used for breeding programme. The highest phenotypic and genotypic coefficient of variations were recorded on yield per plot (16.96-15.81%), yield per ha (14.86-14.07%), bulb size (12.34-11.65%), plant height (12.00-11.57%) and bulb weight (14.27-11.57%). Similarly, the high heritability and genetic advance were also recorded on yield per plot (86.9 and 0.60%), yield per ha (89.6 and 7.30%), plant height (93.0 and 11.38%), bulb size (89.2 and 6.16%), and bulb weight (65.7 and 18.80%), being suggesting the major role of genetic constitution in the expression of the characters. Yield per ha had positive and highly significant correlation with yield per plot, TSS and bulb size both at phenotypic and genotypic level, respectively. An investigation was carried out to study the genetic variability in late Kharif germplasm of onion at Nashik, Maharashtra by Singh et al. (2011). The results revealed a higher magnitude of coefficient of variation for bolters (112.78-112.65%), followed by doubles (86.35-86.16%), thrips/plant (37.55-37.36) and marketable yield (29.34 and 29.90%). Highest heritability was noted in doubles, gross yield, bulb diameter, plant height, bolters and thrips/plant. High genetic advance noted in bolters (231.73%), doubles (177.12%), thrips/plant (76.56%) and marketable yield (54.53%) and rest of others characters showed medium to low genetic advance. Marketable yield was significantly and positively correlated with plant height, neck thickness, bulb diameter, bulb size index, weight of 20 bulbs, and gross yield and negatively correlated with bolters, doubles and days for bulb initiation at genotypic and phenotypic levels. Adesoye et al. (2012) reported that the highest genetic distance (75%) was observed between light brown and white phenotypes. A. ascalonicum produced a distinct banding pattern from all other 14 genotypes belonging to A. cepa. Genetic diversity within and between the four phenotypic (colour) classes showed that highest variability exists within the purple cultivars. Nei’s gene diversity ranged from 0.11 ± 0.19 in the light brown phenotypic groups to 0.27 ± 0.18 in the purple group. The observed number of alleles was 1.79 ± 0.41 and effective number of alleles was 1.46±0.35 for the purple phenotype, while 1.27±0.45 and 0.19±0.32 alleles represent the observed alleles and effective number of alleles in detecting polymorphism the light brown phenotype, respectively. Dendrogram constructed from similarity coefficient produced three Review of Literature | 18 clusters. The On8 and On10 cultivars from Borno and Kebbi states respectively were the closest probably as a result of exchange of genetic materials between farmers and for commercial purpose being an open pollinated crop, while On16 and On17 clustering together may be due to collection from same location and adaptation to the environment. Results are discussed in the light of current taxonomic delineations which consider A. ascalonicum as a subspecies of A. cepa. Interspecific Hybridization between A. cepa and A. ascalonicum is encouraged in order to introduce medicinally active compounds like flavonoids into A. cepa. Ibrahim et al. (2013) observed the existence of high genetic variability within the families studied with high negative heritability in some yield traits such as soluble solid content which shows the preponderance of this trait when selecting this type of local cultivar for breeding. Jat et al. (2014) reported Pusa Madhavi was superior in terms of bulb yield per hectare. Large amount of variability was observed in the experimental for selection. Characters like plant height, leaf height, leaves per plant, diameter of bulb, fresh weight of bulb, dry weight of bulb, bulb yield per plot, high and heritability coupled with high to moderate genetic advance.
The genetic variability which measures the forces of differentiations at two levels, namely intra-cluster and inter cluster level, is a prerequisite for any plant breeding program. Significant differences among genotypes in respect of agronomic traits are prerequisites of multivariate analysis. A considerable amount of genetic variability was observed and, therefore, diversity analysis was carried out through Principal component and D2 statistics analysis. Twelve cultivars of onion were evaluated during the Kharif season by Mohanty and Prusti (2002b) to study genetic diversity using Mahalanobis' D2 statistic. The populations were grouped into three clusters which included two monogenic groups. Maximum intercluster distance was recorded between cluster II and III (D2=192.25). The cv. Arka Kalyan (Cluster II) was agronomically superior than the other cultivars. Genetic divergence was not parallel to geographic distribution. Weight of bulb and neck thickness contributed predominantly towards total divergence. Hybridization between cluster II (cv. Arka Kalyan) and III (cv. Pusa Madhavi) was suggested to recover Review of Literature | 19 transgressive segregates of kharif onion with high yield potential and other desirable characters. Singh and Dubey (2011) found significant difference among twenty six onion lines for all the traits indicating sufficient genetic diversity among the cultivars. On the basis of D2 values, the twenty six genotypes were grouped in six clusters. The cluster Ist was largest consisting twenty genotypes followed by cluster II with two genotypes (L 352, L-424), cluster III, IV, V and VI with one genotype were the smallest cluster. The highest intra-cluster value (D2) and genetic distance was noted for cluster I (61.68), (7.83) followed by cluster II (39.63), while other clusters III, IV, V and VI had zero intra cluster value. An experiment was conducted by Singh et al. (2013) to study the variability and their interrelationship and divergence pattern based on quantitative and qualitative traits. All accessions were grouped into six different clusters. The highest inter cluster distance was observed between IV and V and lowest between II and VI. Based on cluster means the important cluster was I for plant height and percent marketable bulbs cluster IV for mean yield, total yield and equatorial diameter and cluster III for the number of leaves, collar thickness and average bulb weight. The greater part of the variance was accounted for other traits such as plant height, collar thickness, per cent marketable bulb yield, polar diameter of the bulb and neck thickness. The high diversity found in the accessions showed its great potential for improving qualitative as well as quantitative traits in long day onion. In genetic diversity study Kale et al. (2014) found the maximum inter cluster D2 value of 30.67 between cluster VI and IX, followed by the cluster IX and X. Cluster VII showed maximum intra cluster diversity (D2=1 0.51) followed by cluster IX (D2=10.17). Total soluble solids contributed maximum towards total divergence, followed by leaf area, dry matter, magnesium, calcium, vitamin C, bulb splitting per cent, pyruvic acid and bulb yield. The 43 accessions of bulb onion were analyzed for genetic variability studies based on morphological and biochemical traits. It was found that cluster-I was largest of all with 12 genotypes while cluster-IV and VI were the smallest with only two genotypes. Observations on cluster distances revealed that the intra-cluster distance were less than inter-clusters. In principal component analysis, first seven principal Review of Literature | 20 components explained 78.29% of the total variation and only, quantitative characters contributed significantly towards PC-1, whereas qualitative characters in PC-2 (Khosa and Dhatt, 2015). 
Molecular Marker-Assisted Improvement in Onion
Characterization and grouping based on phenotype are influenced by environmental variations; molecular markers are preferred because of polymorphic nature, co-dominance, selective neutral behaviour, easy and fast assay, high reproducibility and easy exchange of data between laboratories (Joshi et al. 1999). A molecular marker is a DNA sequence that is readily detected and whose inheritance can easily be monitored. There are different marker systems available for crop plants such as restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), inter-simple sequence repeat (ISSR), microsatellite or simple sequence repeat (SSR), amplified fragment length polymorphism (AFLP), sequence characterized amplified region (SCAR), cleaved amplified polymorphic sequences (CAPS) and single nucleotide polymorphism (SNP) etc. (Semagn et al., 2006). In spite of advances in sequencing technologies, sequencing of onion remains a huge challenge because of its 16.4 giga base genome size. It has one of the largest nuclear genomes among all diploid eukaryotes (Arumuganathan and Earle, 1991). The use of genetic markers in Alliums has increased several-fold with the development of different marker systems mentioned briefly above. For diversity analysis, RAPD and ISSR markers are widely used by horticulturists due to their low cost, simplicity and no need of prior sequence informa tion. AFLP is one of the powerful techniques used for diversity analysis. It combines both RFLP and PCR; therefore it is more specific, gives a large number of bands and allows higher genome coverage. The knowledge of genetic diversity helps in the efficient management of germplasm and selection of parents for crossing. The integrity of inbred lines was studied using RAPD (Bradeen and Havey, 1995). Diversity analysis of seven cultivars of A. cepa and single cultivar of Japanese bunching onion, chive, leek and a wild relative of onion (A. roylei) by RAPD showed A. roylei as the closest relative of A. cepa, questioning the current classification of A. cepa in the section Rhizideum (Susan et al., 1993). 90 RAPD primers grouped 24 onion cultivars into northern and southern regions of India (Sangeeta et al., 2006). Ten varieties of onion (A. cepa L.) Review of Literature | 21 were analysed, Bermis and India-2 were more dissimilar and Faridpuri and Bhati were the most genetically similar (Maniruzzaman et al., 2010). Xu et al. (2001) used five RAPD for classification and identification of thirty-one garlic (A. sativum L.) cultivars. Somaclonal variation in plants regenerated from long term callus cultures of garlic was detected using RAPD (Al-Zahim et al., 2005). Several locus-specific RAPD and AFLP markers were developed and used as a tool for the rapid characterization of garlic germplasm collections (Ipek et al., 2008). Abdoli et al. (2009) found the paradox in genetic diversity detected by RAPD technique and geographical origins. This may be due to limited genome coverage and poor reproducibility of RAPDs; it showed the need of an alternative more efficient marker system. The exotic cultivars Alisa Craig and Brigham Yellow Globe were different compared to the Indian cultivars and Nashik Red and Poona Red were indistinguishable, and similarly N-53 and Bombay Red were quite close (Mahajan et al., 2009). The genetic fidelity of A. ampeloprasum L. and A. sativum in vitro regenerated clones was studied by Gantait et al. (2010) using 10 ISSR primers. Jakse (2005) identified 398 SNP, indels and SSRs which distinguished 35 elite onion populations. The diversity assessment of tropical Indian onion and cross amplification of genomic and expressed sequence tag (EST)-SSR markers in distantly related native wild species were estimated (Khar et al., 2010). Anandhan et al. (2014) evaluated seven open-pollinated varieties of onion for varietal identity using SSR primers. Pooled samples of 100 seeds were used to generate a representative profile of the population. Fifty EST-SSR primers were used and 21 were polymorphic among the varieties. Eight primers were found to have a PIC value more than 0.5 and are sufficient to discriminate all seven varieties. The genetic similarity (GS) value ranged from 0.77 to 0.92. The highest similarity was observed between varieties Bhima Raj and Bhima Red. As they are multi-allelic in nature, SSR primers have the ability to distinguish even within close groups. Amplification of unique alleles was also observed in six varieties and these could be of use in establishing varietal identity in close groups of varieties and for quality analysis during seed production. Genetic analysis of Alliums germplasm by molecular markers will help in the understanding extent of genetic diversity and varietal identification. QTL detection and linkage mapping will help in marker-assisted selection for different qualitative traits in Review of Literature | 22 onion. Markers linked to colour, TSS, pungency and CMS will be useful in functional analysis of these traits and further improvement of the cultivars and recent sequencing efforts will definitely speedup the process. 
Disease Resistance and Marker Applications
Onions like other vegetables are susceptible to numerous foliar, bulb and root pathogens that reduce yield and quality (Cramer, 2000). Purple blotch of onion caused by Alternaria porri is an important disease of onions worldwide (Chaput, 1995 and Schwartz, 2004) especially in warm and humid environments (Suheri and Price, 2000). A trial was conducted by Bhonde et al. (1992) on 8 onion cultivars viz. Agrifound Light Red, Arka Niketan, L-102-1, Nasik Red and Pusa Red, Agrifound Dark Red, Arka Kalyan and Kharif Local to evaluate varieties for late Kharif (Rangda) crop of onion in Nasik area. Agrifound Light Red had the lowest incidence and intensity of purple blotch of all cultivars. Among several factors, diseases are the most important factors associated with low productivity in onion. Purple blotch caused by Alternaria porri is one among the serious fungal diseases that affect onion, causing heavy yield loss ranging from 2.5 to 87.8 per cent during Kharif season (Srivastava et al., 1994). Sharma (1997) reported the lines IC48059, IC48179, IC39887, IC48025 and ALR showed resistance and another 10 lines were moderately resistant to purple blotch disease. An experiment on evaluation of onion (Allium cepa L.) genotypes for tolerance to thrips (Thrips tabaci L.) and Purple Blotch was conducted by Tripathy et al. (2013). The results indicated that NRCRO-3, NRCWO-3, NRCWO-4 and VG-19 showed tolerance to both thrips (25.91 to 28.28 thrips plant-1) as well as purple blotch (PDI of 42.83 to 51.66%). The cultivars, Bhima Super, NRCWO-3, NRCRO-4 and the control, Arka Niketan produced significantly high total bulb yield (325.41 to 376.00 q/ha) having better tolerance to thrips (25.91 to 32.42 thrips plant-1) and Purple Blotch (42.83 to 56.50%). The cultivar with high yield potential having tolerance to both onion thrips and purple blotch disease identified for Odisha condition are Bhima Super, NRCRO-4, NRCWO-3 of DOGR, Pune and Arka Niketan of IIHR, Bangalore. Review of Literature | 23 Tripathy et al. (2014) in a field investigation of onion for bulb yield and reactions to pests and diseases during kharif season reported the varieties like NRCWO-1, NRCWO-3. NRCWO-4, Bhima Super, Bhima Red and NRCRO-3 may be recommended for karif season cultivation to obtain maximum bulb yield. Similarly cultivars like Bhima Kiran, Bhima Super, NRCRO-2 and Col-652 may be recommended for better tolerance to both Purple Blotch and Thrips infestation. Cultivation practices comprised under TDTD viz., use of improved variety/season specific, Nursery Raising, Soil/Seed treatment, Transplanting, fertilizer application and control of Purple Blotch disease, showed that percentage increase in the yield of Onion ranged from (31.31 to 37.50%) over local check during the course of study from 2005-06 to 2009-10. (Ojha and Singh, 2013). Kale and Ajjappalavara (2014) evaluated and screened Forty four genotypes of onion against purple blotch disease. The results revealed that the 5 genotypes viz., OG-4, OG-7, OG-14, OG-34 and OG-44 were found to be moderately resistant (Grade 2) and per cent of leaf area infection ranged from (11.00 to 20.00%). Under moderately susceptible (Grade 3) 31 genotypes were grouped with (21.00-40.00%) leaf area infection, five were susceptible (Grade 4) with leaf area infection from (41.00 - 60.00%) and the remaining two genotypes were highly susceptible with (Grade 5) and leaf area infection was more than (60%).
Conclusion and Future Prospects
Onion (Allium cepa L.) plays a vital role in global agriculture, serving as both an economic and nutritional crop. Despite its importance, productivity remains limited by biotic and abiotic stresses, genetic constraints, and inadequate adoption of improved cultivars. The review highlights significant genetic variability among onion genotypes for yield, bulb characteristics, and quality traits, which provides a strong foundation for breeding programs. Understanding heritability, genetic advance, and trait associations has enabled the identification of superior varieties suited to different agro-climatic zones.
The application of molecular markers such as RAPD, SSR, AFLP, and SNP has revolutionized onion improvement by offering precise tools for genetic diversity analysis, cultivar identification, and marker-assisted selection. These technologies have facilitated the detection of key genomic regions controlling important agronomic and resistance traits. Moreover, molecular breeding combined with traditional selection enhances efficiency, accelerates varietal development, and ensures better adaptability and resilience.
Future research should focus on integrating next-generation sequencing, genomic selection, and bioinformatics to map complex traits related to yield, disease resistance, and stress tolerance. Strengthening germplasm conservation, expanding molecular databases, and promoting collaborative breeding programs will be crucial for sustainable onion production. The integration of modern molecular approaches with conventional breeding promises a new era of onion improvement for higher productivity, quality, and resilience to future challenges.
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