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1. INTRODUCTION 

Onion (Allium cepa L.) belonging to family Alliaceae, is one of the oldest 

known vegetables to human beings. It is in continuous cultivation dating back to at least 

4,000 BC with Central Asia being the probable centre of origin. It is an important 

commercial vegetable crop of India contributing great share to the national economy 

among the horticultural commodities both from internal consumption and export. India 

is the second largest producer of onion after china with area of 11.67 lakhs ha with 

production of 202.14 lakhs metric tones and productivity of 17.32 t/ha. Indian onion is 

exported to Sri Lanka, Malaysia, Maldives, Nepal, Dubai, Kuwait, Indonesia, UAE, 

Singapore, Seychelles, Pakistan, Saudi Arabia, Qatar and Bangladesh. There is growing 

demand for onion export from year to year. Recently about 9,80,566 tones of onion of 

worth ` 2,362 crores were exported in comparison to the previous financial year from  

` 1,771 crores in the same period of the previous financial year by exporting 9,70,442 

tones (Anon., 2016). Besides large quantity of onions are consumed within India. 

In India, major onion producing states are Maharashtra, Karnataka, Madhya 

Pradesh, Gujarat, Bihar, Andhra Pradesh, Rajasthan, Haryana and Tamil Nadu. 

Karnataka is one of the leading States in the cultivation of onion. Dharwad, 

Chitradurga, Gadag, Haveri, Bagalkot, Davengere are the major districts in Karnataka 

occupying an area of 186.99 thousand ha with a production of 3227.04 thousand metric 

tons and productivity of 17.2 t/ha (Anon., 2015).  

 Due to widespread consumption, onion has acquired the status as queen of the 

kitchen. It has been used extensively to improve the taste of food and curry as it has 

special qualities, which add taste and flavour to food. Hence, it is used in all the 

traditional cooking and culinary preparations. In addition, it is also consumed as salad 

with meals. Onions are preferred for their green leaves, immature and mature bulbs are 

either eaten raw or cooked as a vegetable. Mild flavoured or colourful bulbs are often 

chosen for salads. The bulbs are used in soups, sauces, condiments, spice, medicine, 

seasoning of many foods and for the preparation of value added edible products like 

powder and flakes. A distinct characteristic of onion is its alliaceous odour, which 

accounts for their use as food. The pungency in onion is due to a volatile compound 

known as allyl-propyl disulphide. The onion bulb contains 88 per cent water. A 100 g 
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edible portion contains energy, 31 cal; protein, 1.5g; fat, 0.6g; total sugar, 7.2g; other 

carbohydrates, 0.3g; thiamin, 0.04 mg; riboflavin, 0.02 mg ; niacin, 0.1 mg; Vitamin C, 

7 mg, 30 mg; Fe, 0.5 mg; Mg, 16.5 mg; K, 150 mg; and Na, 7 mg (Obeng-Ofori et al., 

2007). 

Onions possess many medicinal uses. Bulbs are commonly used as diuretic and 

applied on wounds and boils. A report suggested that it can prevent cardiovascular 

disease. It can also protect against stomach and other cancers, as well as certain 

infections. It can improve lung function, especially in asthmatics. The more pungent 

varieties of onion appear to possess the greatest concentration of health-promoting 

phytochemicals i.e. phenolics and flavonoids that have potential anti-inflammatory, 

anti-cholesterol, anti-cancer and antioxidant properties (Gopalakrishnan, 2010).  

Onion is a seasonal crop of the total production in the country rabi (April-May), 

kharif (October-November), and late kharif (January-February) accounts about 60 per 

cent, 20 per cent, 20 per cent respectively. The rabi crop harvested in April-May is 

stored all over the country and slowly made available for domestic supply as well as for 

export up to October-November. There is a critical gap in supply in the country from 

October to December and as a result the prices shoot up. The good harvest in kharif 

season tries to bridge the gap. If there is failure of kharif crop due to vagaries of 

monsoon, the prices of onion further raise. The kharif crop therefore is more sensitive 

and vulnerable, yet essential. Hence, storage assumes a paramount importance for 

steady supply and nearly two million tonnes of onions need to be stored during this 

period (Tripathi and Lawande, 2003). Onion is a delicate commodity to store because of 

higher water content and serious losses occur due to rotting, sprouting, physiological 

loss in weight and moisture evaporation. Therefore, the crop requires special procedure 

and parameters for storage. But due to non-availability of appropriate post-harvest 

storage facilities, 25-30 per cent of the total onions produced are wasted and it amounts 

to crores of rupees (Chopra, 2010). In general, the losses due to reduction in weight, 

sprouting and rotting (decay) were found to be 30 to 40 per cent, 20 to 40 per cent and 

20 to 30 per cent respectively (Shivakumar and Chandrashekar, 2014). Part of the blame 

lie in our ancient onion storage systems because traditional poor ventilated storage 

practices result in substantial losses in stored onions. Hence use of improved storage 

structures and good storer varieties, judicious use of fertilizers, timely irrigation, 
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scientific harvesting and post-harvest handling practices are essential to reduce the 

losses in stored onions. Onion storage structures made of bamboo (single tier or 2-tier) 

designed by NHRDF for on-farm-onion-storage can help in reduction of losses up to 8-

15 per cent over conventional storage structures. These types of storage structures have 

better aeration from sides and bottom which help in taking out accumulated heat and 

humidity and minimize the decay and sprouting losses during storage of onion (Yadav 

et al., 2011). Although improved storage structures for onion are developed, they are 

not popular among the farmers probably because of the higher cost of construction.  

Some plant growth regulator and fungicides could be employed as pre-harvest 

foliar spray to extend the shelf life and reduce spoilage in onions as more scientific 

understanding of their action is known today. It is known that the use of synthetic 

growth regulators have their effects through changing the internal levels of the naturally 

occurring hormones, thereby causing the modification of growth and development in 

the desired direction and to the desired extent (Mathur,1971 and Singh et al.,1982). 

Plant growth regulators have contributed a great deal to the progress of horticultural 

science by modifying and controlling the growth behavior of many crop plants. They 

have, therefore, become one of the most important tools for horticulturists to increase 

crop production. Fungicides have been frequently used to prevent pre and post harvest 

fungal diseases there by preventing huge economic lossess caused by rotting. 

 Chloro choline chloride (CCC), also called as chlormequat, is chemically 

known as 2-chloro ethyl trimethyl ammonium chloride. Cycocel is one of the most 

extensively used plant growth retardants to control the vegetative growth of the plants 

and thereby enhances the production of a number of agricultural and horticultural crops. 

Cycocel is the most active member of the new group of quaternary ammonium 

compounds and is anti-gibberellin in its action (Anbukkarasi et al., 2013). Salicylic acid 

is being applied for enhancing photosynthesis, delaying the ripening and senescence 

process, alleviating chilling injury, enhancing antioxidant capacity, and controlling 

post-harvest decay (Mohammadreza and Morteza, 2010). Azoxystrobin brings about the 

cessation of normal energy production (ATP production) within the cell. Evidence of 

this effect on fungi can be observed in spore mortality, mycelial collapse and inhibition 

of sporulation or disruption of other vital stages of fungal development (Harrison and 

Tedford, 2002).  
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 Despite the achievements in production technology, the post harvest losses 

during storage still pose a great problem. Due to non-availability of appropriate post-

harvest storage facilities, nearly 1/3
rd

 of the total onions produced are wasted causing 

economic loss to the farmer (Tripathi and Lawande, 2003). As most of the farmers in 

India are using traditional storage structures they end up in losing about 20 per cent of 

the crop due to rotting and sprouting (Anon., 2011). The losses that occur due to 

physiological loss in weight and moisture evaporation are not given much importance. 

The present experiment was carried out on popularly grown variety Arka Kalyan which 

has an average performance in storage. Therefore, pre-harvest foliar application of 

chemicals in the form of spray and seedling dip planned in this study are expected to 

improve yield in addition to reducing the losses due to rotting, sprouting, weight loss 

due to physiological process and moisture evaporation during storage. 

  The present investigation aims at reducing the losses that occur during 

traditional storage method, a similar condition as practiced by farmers were maintained 

during the investigation. This kind of chemicals are thought to be beneficial to maintain 

the quality of onion bulbs in storage with respect to inhibition of sprouting, rotting and 

reduction in the physiological loss in weight when applied as pre-harvest sprays and as 

a seedling dip. Keeping all these aspects in view, the present study was planned with the 

following objectives.  

Objectives: 

1. To determine the effect of seedling dip and pre-harvest foliar spray of salicylic 

acid, azoxystrobin and cycocel on storage behavior of onions 

2. To study the shelf life of onions at regular intervals as influenced by different 

treatments 

3. To study the biochemical quality of stored onions at regular intervals as 

influenced by different treatments 
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2. REVIEW OF LITERATURE 

 Onion (Allium cepa L.) is extremely important vegetable crop valued for 

internal consumption and is the highest foreign exchange earner among the fruits and 

vegetables. It is stored for long period for use in off season as well as for export but 

the present storage methods in India are quite inadequate and most of them are 

traditional and unscientific. Onion is reported to have good storage potential, but 

successful storage depends upon the variety, maturity, cultural practices and post 

harvest handling. Onions are stored either loose or in bags from May to November for 

a period of four to six months. However, 50-90 per cent storage losses in the form of 

rotting, sprouting, physiological loss in weight, moisture evaporation recorded are 

dependant upon genotype and storage conditions (Shivakumar and Chandrashekar, 

2014). The curing techniques like neck cut in onion bulbs, exposure of onion bulbs in 

gamma radiation, packaging and storage techniques are proved to be useful methods 

in delaying sprouting and their subsequent deterioration resulting in improved shelf 

life of onion bulbs during storage (Anbukkarasi et al., 2013). 

 There have been continuous efforts worldwide to prolong the storability of 

onions. The present investigation aims at prolonging the storage period of onion and 

maintaining the quality by employing seedling dip and different pre-harvest foliar 

sprays consisting of phenolic compound, fungicides and growth retardant. The 

research work carried out on various aspects revolving around post-harvest physiology 

of onion and the studies conducted in exploring the ways of extending the shelf life of 

onion and other horticultural crops have been reviewed here under. 

2.1 Importance and production status of onion in India 

 The production of vegetables is becoming important with the expansion of 

irrigated area and with the growing awareness on the importance of the sector as 

source of income, improved food security, sources of raw materials for industries, 

employment opportunity because it demands large labour force. The expansion of 

water harvest schemes in small farmers sector and irrigated agricultural development 

projects have made significant contribution to the development of the sector. The 

success of production depends on the adoption of improved technologies such as 
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cultivars that have acceptable standard and high value in the local use and export 

markets (Lemma et al., 2006). 

 India is the 2
nd

 largest producer of onion in the world next only to China 

occupying an area of around 1.67 lakh ha with production of 202.14 lakhs MT and 

productivity of 17.32 t/ha. Out of this, around 65 per cent produce which comes in 

rabi season is partly used for domestic consumption as well as storage for further 

consumption in different parts of the country from June to November along with the 

fresh produce of early kharif and kharif onion. The major onion storing states are 

Maharashtra, Gujarat, Madhya pradesh, Rajasthan and Bihar. As per the NHRDF’s 

estimate, around 45-46 lakh MT onions have been stored in the year 2016-17 by 

farmers as well as traders which is around 15 per cent more compared to last year and 

quality is better. Around 12-15 lakh MT onions are required per month for 

consumption in the country (Anon., 2016). 

 Onion is a staple in Indian cuisine but often subjected to price fluctuation due 

to glut and shortage of onion, which is more common in India. Some times it has 

devastating consequences on ruling government because of price fluctuation as both 

consumer and grower are affected. In order to stabilize the price fluctuation, the 

government has banned exports of onions, slashed import duties and even imported 

onions from Pakistan during 2011. India's supply lines are clogged because of 

inefficient storage, poorly maintained roads and bureaucratised, centralised interstate 

commerce. In fact, it is outrageous; according to estimates, a staggering 30 to 40 per 

cent of Indian farm produce rots in poorly kept state-run warehouses. 

2.2 Description of onion crop 

 Onion (Allium cepa L.) belongs to the family Alliaceae is one of the most 

important monocotyledonous crops. It belongs to the genus Allium and recent 

estimations accept about 750 species in the genus Allium, among them onion, garlic, 

leeks, and Japanese bunching onion are the most important edible Allium crops and 

about 60 taxonomic groups at sub-generic, sectional and sub-sectional rank (Baloch, 

1994; rabinowitch and Currah, 2002). Onion from Central Asia is probably migrated 

to the Near East. Then it was introduced to India and South-East Asia; and into the 
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Mediterranean area and from there to all the Roman Empire (Grubben and Denton, 

2004). 

 Onion is a cross-pollinated cool season vegetable crop. It is the oldest known 

vegetable. Onion is an indispensable and important vegetable item which is used in 

every kitchen therefore its constant demand always remains throughout the year. 

Besides its high food value, it is also a good source of income for vegetable growers. 

2.3 The onion lifecycle 

 Onion is a shallow rooted, biennial crop which is usually grown as annual. The 

leaves are long, hollow with widening, overlapping bases. The tubular leaf blades are 

flattened on the upper surface, and the stem of the plant is also flattened. Roots arise 

from the bottom of the growing bulb. Leaf initiation stops when the plant begins to 

bulb. The base of each leaf becomes one of the “scales” of the onion bulb, hence bulb 

size depends on the number of leaves present at the time of bulb initiation. The leaf 

base begins to function as a storage organ at bulb initiation, so the size of the leafy 

part of the plant also influences bulb size. Thus, the more leaves present and the larger 

the size of the plant at the onset of bulb initiation, the larger will be the bulbs and the 

higher will be the crop yield (Hamasaki et al., 1999). 

 An onion bulb is a storage organ, consisting of foliage leaf bases and swollen, 

bladeless inner sheaths that develop into distinct bulbs depending on the varieties. 

These bulbs are varying in size (small, medium and large), bulb weight, and the shape 

covers a wide range from globose to bottle like and to flattened disk-form. The colour 

of the membranous skins may be white, silvery, buff, yellowish, bronze, rose red, 

purple or violet. The colour of the fleshy scales can vary from white to bluish-red. 

There exist much variation among the bulbs for flavour and storability (Baloch, 1994; 

rabinowitch and Currah, 2002). 

2.4 Bulb initiation and formation 

 Bulb formation is the process whereby the leaves in the neck region of the 

sheath rapidly elongate (Brewster, 1977). The leaf sheath cells then expand resulting 

in lateral swelling of the leaf sheath. Scale leaves are formed instead of leaves, which 
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have a much reduced leaf blade in comparison to the sheath. The scale leaves then 

swell to form the storage tissue. As the bulb matures, two or three foliage leaf initials 

are laid down at the bulb base. These initials elongate to produce leaf blades in the 

following season when the bulb sprouts. 

 Bulb formation in onion plants occurs when both a threshold day length and 

accumulated thermal time have been reached (Lancaster et al., 1996). In the case of 

two closely related cultivars commonly grown in New Zealand (Pukekohe Longkeeper 

and Early Longkeeper), these thresholds are approximately13.5 hours and 590 degree 

days respectively. Threshold values will vary according to cultivar, however the 

thermal time threshold is thought to be linked with the requirement for a minimum 

number of leaves to be initiated prior to bulbing. If the threshold thermal time is 

reached before critical day length then bulbing is delayed and subsequent bulbs have 

larger diameters and more leaves. Conversely, the threshold day length can be reached 

before threshold thermal time has accumulated, and in this case bulbing is delayed 

until the thermal time requirements have been met. Light spectral quality interacts 

with day length (Brewster, 1990). Short-day onions form bulbs under short day 

lengths at low latitudes; however their behaviour is typical of other onions in that 

bulbing accelerates with increased day length (Wickramasinghe et al., 2000). Far-red 

light, and to a lesser extent blue light, promote bulbing, whereas red light inhibits it 

(Kahane et al., 1992). Once bulbing has been initiated, temperature (including night 

temperature) is positively correlated with the rate of bulb development in an inductive 

day length (Brewster, 1990; Wheeler et al., 1998). 

2.5 Onion bulb dormancy 

 Mature onion bulbs enter a dormant period during which sprouting and rooting 

are not induced even under favourable conditions. For most cultivars, true dormancy is 

relatively short, and ends early in the storage period. Apparent dormancy is 

maintained for a short period, before sprouting certain internal changes occur leads 

breaking of dormancy. Sprouting occurs when the leaf primordia that are produced in 

stored onion bulbs develop green leaves rather than scale leaves (Abdalla and Mann, 

1963). The blades of these leaves elongate, and eventually protrude from the neck of 

the bulb. Sprouting of bulbs varies with cultivar and pre and postharvest factors i.e. 
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maturity at harvest, curing, pre-storage treatment of chemicals (PGR, Pesticide) and 

storage environment. Sprout suppression is key point in determining the storage life of 

onions. Bulbs with roots sprout earlier in dry storage than those whose roots have been 

removed (Miedema, 1994). Therefore, the root system may provide substances that 

promote sprout growth or elongation. Cultivar differences in time to sprouting in store 

are more pronounced in de-rooted bulbs than in rooted bulbs (Miedema, 1994). 

Cytokinins produced in the roots stimulate cell division in the sprout meristem or 

increase the sink activity of the sprout. Wounding of the growth plate also promotes 

sprouting and may do so by facilitating gas exchange and promoting respiration. 

2.6 Quality attributes of marketable onions 

 Onion bulbs are stored to meet consumer demands during offseason with good 

quality. The principal biological factors leading to onion bulb deterioration during 

storage are respiration, sprouting and rotting. Class I onions must not show any signs 

of external sprouting (Commission Regulation 1508/2001/EEC). Early signs of 

external shoot growth are permitted in Class II onions provided that the number or 

weight does not exceed 10 per cent per unit of presentation. Bulbs with watery scale 

and bacterial or fungal rots are deemed unfit for marketing. 

2.7 Strategies to delay sprouting 

 Storage life of onions depends on the variety, pre and post-harvest treatment 

imposed and the storage environment etc. Varieties with long shelf life are having 

high dry matter content and varieties with less pungency and low dry matter are grown 

for the fresh market for raw consumption are getting popularised but are generally 

having poor keeping quality (Hurst et al., 1985). Research to develop strategies to 

delay sprouting has been focused on crop husbandry, pre and post harvest use of 

sprout suppressing chemicals, manipulating the storage environment and breeding 

programmes. 

2.8 Pre-Harvest factors that affect storage life 

 Pre-harvest treatment and conditions in the field play an important role and 

affect the storage life. These include pre-harvest nutrition, temperature during the 
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growing season, application of plant growth retardants, chemical pesticides, maturity 

at harvest and the method of harvesting. 

2.8.1 Crop maturity at harvest 

 Stage of harvesting plays a key role in determining the shelf-life of onions as it 

is linked with physiological maturity of bulbs. In general, one week after 50 per cent 

of neck fall is the stage recommended for harvesting. Sprouting and rotting are 

common problems in storage since bulbs contain high moisture. If bulbs are harvested 

too soon the water content in foliage leaves and the neck is too high, which results in 

increased susceptibility of bulbs to pathogen attack. Early harvested bulbs may not be 

dormant and would therefore be unfit for storage purposes. Maturity stage at harvest 

influences initial bulb weight, respiration and incidence of sprouting, decay and 

cumulative weight loss. Rutherford and Whittle (1982) found that bulbs harvested 

early, dried and stored in the same manner as bulbs harvested later, had lower 

carbohydrate levels, which were further reduced due to sprouting upon prolonged 

storage. 

2.8.2 Harvesting method 

 Physical damage to onion bulbs during harvest should be minimised as much 

as possible especially for softer, less pungent onions, because wounding, particularly 

of the basal plate, causes accelerated sprout growth (Miedema, 1994a) and increases 

storage losses due to rotting (Herold et al., 1998). Undercutting is usually performed 

prior to mechanised lifting. The aerial parts and roots are removed before onions are 

stored in bulk, which aids airflow among the bulbs.  

2.9  Post-harvest factors that affect storage life 

 Postharvest treatments and storage conditions play a kea role which affects 

shelf life of onion during storage. These include curing and drying, irradiation, post 

harvest treatment of chemicals (PGR, pesticide) and the storage environment. 

 



 

11 

2.9.1 Curing and storage 

 Onions before storage are generally cured and dried after harvest (Gubb and 

MacTavish, 2002) to prolong shelf life during storage. It is the removal of excess 

moisture from the outer skin and neck portion of onion which helps in reducing the 

infection of diseases. It is done till the neck is tight and outer scales are dried. The 

bulbs should be adequately cured for proper development of skin colour and to 

remove field heat before storage of bulbs. Curing of onion bulbs can serve several 

functions. It dries the outer most two to four scale leaves, it can provide mechanical 

protection to the bulb. It dries the remaining roots attached to the bulb and the neck 

left attached to the crown, which protect against disease infection. It also discourages 

loss of moisture and the sealing of wounds on the bulbs. During curing moisture is 

removed from the skin, roots, and stem of onion bulbs. The skin dries and becomes 

uniform in colour, show a brittle texture. The roots shatter or break off easily when 

touched. The stem area shrinks in size and dries to the surface of the bulb. It may not 

slide back and forth when squeezed between the thumb and forefinger (Paul and 

William, 2008). Bernard (2004) suggested that onions have to be cured before storage 

because during curing, the outer scale leaves and neck dry out and shrink. This will 

prevent infection of disease and minimize shrinkage loss. Curing heals wounds and 

strengthens general skin condition of the bulbs as reported by Moude et al. (1984). 

The purpose of curing is to dry the thin outer layers of the bulb to form one or more 

complete outer skins. These outer skins act as a barrier against water loss and infection 

from fungal pathogens such as Botrytis allii (neck rot) (Maude et al., 1984), 

Aspergillus niger (black mould) and Fusarium oxysporum (basal rot), and bacterial 

pathogens such as Erwinia carotovora (soft rot) (Fenwick and Hanley, 1985). Curing 

is complete when the necks have dried out and are tightly closed, and the skins have 

an attractive colour (O’Connor, 1979). Bulbs are cured either in field or in open shade 

or by artificial means before storage. During kharif season, bulbs are cured for 2-3 

weeks along with top. In rabi, bulbs are cured in field for 3-5 days, tops are cut 

leaving 2-2.5 cm above bulb and again cured for 7-10 days in shade to remove field 

heat (Gopalakrishnan, 2010). 

 Curing can be accomplished by placing onions in crates exposed to ambient air 

of 75 to 80
o
F for 2 to 3 weeks. Onions can be cured in storage by forcing warm air 

(90
o
F) through the pile for 4 to 5 days. The air requires an initial relative humidity of 



 

12 

60 to 70 per cent. Exit the hot and saturated air from the storage and not be recycled. 

Air volume is required at least 1.5 cubic feet per minute for each cubic foot of onions. 

Pandey et al. (1992) reported that curing in the sun or a solar drier with or without 

foliage reduced per cent weight loss significantly compared with non-cured bulbs. The 

lowest per cent total loss obtained with curing in the sun with foliage and storage of 

bulbs with dried foliage. Pandey et al. (1993) found that the lowest loss (1.8%) due to 

decay (mainly Fusarium oxysporum) occurred in bulbs stored with foliage removed at 

harvest and no curing. Per cent total loss was highest in bulbs with foliage removed at 

harvest and cured in sun before storage and lowest in bulbs cured in sun with foliage 

attached and stored with dry foliage followed by bulbs cured in sun with foliage 

attached but with dry foliage removed prior to storage. Bhonde and Bhadauria (1995) 

reported about small onions grown in Karnataka for export to Malaysia and Singapore. 

To meet the continued demand for export during the off season onion has to be stored 

for 2-2.5 months. Therefore, in a trial bulbs were subjected to various field curing 

treatments (or not cured) before being stored under ambient conditions in nylon net 

bags. Losses due to sprouting and physiological loss in weigh were greater after 4 than 

2 months storage in all treatments. Bulbs stored for 2 months showed the lowest losses 

(<13 %) when bulbs cured in the shade (with foliage) then cooled before storage. 

Curing in the sun with foliage then removing the foliage before storage also resulted in 

low losses after 2 months storage. Losses of non-cured bulbs after 2 months storage 

were 16.1% with neck cutting and 26.8% without neck cutting. Chauhan et al. (1995) 

found that lowest total storage losses occurred with the windrow method with 10 days 

in the shade with tops and cutting the neck to 2.5 cm. They concluded that 

physiological weight loss was the main cause of storage losses, followed by decay and 

sprouting. Bhonde et al. (1996) recorded lowest sprouting, decay and total losses in 

storage when harvesting was done 12 days after the last irrigation and bulbs were 

cured for 3 days. Wright and Grant (1997) found that application of additional water 

during field curing increased the proportion of bulbs with stained skins and rots. 

Heated air curing of bulbs reduced the incidence of rots regardless of harvest method. 

Forced air drying also reduced skin staining in most harvesting methods. 

 Field curing by windrow method for three to five days and shade curing with 

tops for 10 to 12 days by retaining 2.5 cm neck length is effective in reducing storage 

losses in onion along with color retention and development of more number of scales 
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upon storage for longer period (Singhal, 2000). As scale leaves play an important role 

in bulb firmness. The absence of dry scales induced a more rapid breaking of 

dormancy both in terms of rooting and sprouting. The defective scales and damaged 

stem base were prime factors in breaking dormancy. Late harvest resulted decrease in 

the number and quality of the dry scales Fustos et al. (1997). 

 According to Satish and Ranganna (2002a), onion bulbs were best cured in the 

artificial curing for 10 to 14 hours at 45°C with air flow rate of 222 m
3
 per minute 

compared to 8 to 10 days of sun curing. The artificially cured bulbs showed significant 

increase in firmness (9.75 to 10.5 kg/cm
2
) along with development of an attractive 

colour in comparison with the sun curing. Curing of onion bulbs for 7 days before 

storage results in lowering the PLW of 31.9 per cent in comparison to control (without 

curing) which is about 43.90 per cent during storage of 120 days (Bhattarai and 

Subedi, 1998). 

 Bottner (1970) studied the effect of different temperature during curing and 

observed that bulbs cured in cool air ventilation resulting in reduced the rotting of 

onion during storage. Thampson et al. (1972) studied the effect of curing methods on 

storage behaviour of onions and found that both field and artificial curing methods 

were superior in reducing physiological loss in weight and rotting percentage in 

comparison to non-cured bulbs stored for 87 days. Goburdhan (1980) reported that 

field curing of onion bulbs for 21 days extends the storage life upto five months in 

comparison to control which is stored for three months.   

 Field curing by way of pre-drying bulbs in shade for about three to fifteen days 

was found to improve the storability of onion (Sidhu and Chadha, 1986) and further 

observed that the tops where removed after 15 days of storage gave reduced sprouting 

(the neck of the bulb was completely dried and turned deep red in colour) in 

comparison to the bulbs in which tops are removed immediately. Field curing of onion 

by retaining 4 cm neck length for four days results in reduced losses due to sprouting, 

rotting and shrinkage (Anon., 1986).  

 Curing of onion bulbs for four days in the field by Windrow method followed 

by curing in shed for 21 days before storage decreased the reducing sugar content 

which improved the storage life of bulbs. Bulbs stored after full curing treatment 
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recorded lower storage losses (38.70%) compared to non-cured bulbs (47.80%) (Kale 

et al., 1992). Sanguansri and Gould (1990) observed that artificial cured onions had 

lower weight loss and enhanced colour and firmness than to field cured onion bulbs.  

 Warade et al. (1997) found that curing of onion in the field for 4 days by 

Windrow method followed by shade curing for 21 days resulted in decreased levels of 

reducing sugars and improved storage life of bulbs. Pandey et al. (1992) found that 

lowest per cent loss due to sprouting and physiological loss in weight was noticed in 

sun cured onion bulbs with foliage.  

 Schroeder et al. (2012) reported that among two cultivars of onion (Redwing, 

Vaquero) Redwing bulbs exhibited significantly less severe rot (23.1 ± 1.1%) than 

Vaquero bulbs (46.0 ±1.3%) inoculated with B. cepacia (1 × 105 CFU/ml), and the 

severity of sour skin increased significantly with increasing postharvest curing 

temperature (14.2 ± 0.9, 24.3 ± 1.3, 42.2 ± 1.7 and 57.6 ± 1.8% at 25, 30, 35, and 

40°C, respectively). The mean severity of sour skin was significantly less for bulbs 

cured for 2 days (24.5 ± 0.9%) versus 14 days (44.8 ± 1.4%), and increased 

significantly with increasing duration of storage (27.8 ± 1.3, 35.5 ± 1.6, and 40.6 ± 

1.7% for 1,2, and 3 months of storage, respectively). The results indicated that the 

severity of sour skin and slippery skin in onion storage facilities can potentially be 

minimized by using relatively low post-harvest curing temperatures (<35°C) and short 

curing durations (approximately 2 days). 

 In yet another study, onion bulbs were cured (14 days under partial shade) with 

and without foliage, and stored under different conditions e.g., cold store, cemented 

room and mud room for four months. Results indicated that the quality of onion bulbs 

was significantly affected by curing methods, storage conditions and duration. The 

maximum dry matter (DM) (17.5%) and TSS (11.5%) was recorded in bulbs cured 

with foliage as compared to curing without foliage (15.7% DM and 9.36% TSS). The 

DM (21.2%) and TSS (14.9%) recorded in cold stored bulbs was followed by those in 

mud and cemented room storage (15.65 and 13% DM with 9.44 and 6.65% TSS). 

Curing with foliage resulted in significantly lower weight loss, sprouting and rotting. 

After four months storage, the minimum percentage of weight loss (6%), sprouting 

(9.6%) and rotting (1.7%) was recorded in cold stored bulbs while the maximum 
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weight loss (98%), sprouting (100%) and rotting (70%) was observed in bulbs stored 

in cemented room (Nabi et al., 2013). 

2.9.2 Storage temperature 

 Temperature has a profound effect on the dormancy period and storage life of 

onion bulbs. In general, sprouting was inhibited both by low and by high 

temperatures, and encouraged at intermediate temperatures (Abdalla and Mann, 1963; 

Brewster, 1977a; Miedema, 1994a; Ernst et al., 1999). Different cultivars respond 

differentially to temperature (Gubb and MacTavish, 2002). The optimum temperature 

range for sprouting in dry storage is 10-20ºC for most cultivars, with some cultivars 

displaying a sharp optimum while others have a broader range. Moisture loss is greater 

at temperature ranges <10 ºC and >27 ºC. 

 In developed temperate countries, such as the UK, onions are kept in large, 

specialized stores. Ventilation is forced and temperature is usually maintained around 

5ºC, but can be as low as -1ºC. In warm climates, such as the tropics, high temperature 

storage is a practical option, but involves a compromise between sprouting losses and 

rotting losses (Ko et al., 2002). High temperature storage conditions are generally 25-

30ºC and 60–75 per cent RH. Ventilation of storage bins to reduce fluctuations in 

temperature and humidity reduced the rate of external sprouting, bacterial infection 

and dehydration over 31 weeks of high temperature storage in red onion cv. Baftain 

bulbs (Brice et al., 1995). The high temperature inhibition of sprouting may be related 

to the dormancy observed in hot seasons in some wild Alliums (Gubb and MacTavish, 

2002). Short-term (three weeks) high temperature post-harvest treatments of 30 and 

35ºC significantly reduced the number of days to sprouting in dry storage at 15ºC, 

when compared to those exposed to post-harvest temperature treatments of 15 and 

25ºC, which in turn were not significantly different from one another (Miedema, 

1994a). This indicates that exposure of onion bulbs to high temperatures during curing 

and drying may reduce the level of dormancy and therefore reduce storage time. 
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2.9.3 Humidity 

 The relative humidity of the storage environment is a compromise between 

maintaining a level below that at which pathogens are encouraged and above that at 

which water is rapidly lost from the bulbs (Hole et al., 2000). The outer skins that 

protect against water loss tend to crack and fall off at <55 per cent RH, and pathogen 

attack is encouraged at >80 per cent RH, therefore 55-80 per cent RH is desirable in 

the storage environment. 

 When the water content of the skin is in equilibrium with the water vapour 

pressure of the surrounding atmosphere, water will be adsorbed or desorbed depending 

on the relative pressure. Changes in humidity, therefore, have an impact on the 

properties of onion skins. This is significant as the ability of onion bulbs to withstand 

physical abuse during post-harvest and post storage handling depends on the 

mechanical properties of the skins. 

2.9.4 Effect of Storage on bulb quality  

 Physical injury, rotting and re-growth (sprouting and rooting) are the main 

contributory factors of deterioration in onion bulbs during storage. These factors 

increase respiration rate, which consequently increase moisture loss and reduce the 

shelf life of the produce (Nandasana, et al., 1998). Moisture loss itself is a major 

concern in post harvest life because loss in weight during storage is loss in economic 

value to farmers and the traders as well (Trevisan, et al., 1999). Onions required to be 

stored at 0°C (32°F) and at 65 to 70 per cent relative humidity. Temperatures above 

0°C (32 °F) may cause the onion to sprout. Sprouting leads the bulb to rot and increase 

moisture loss. Relative humidity exceeding 70 per cent may cause the onion’s roots to 

sprout. Air movement through the pile is beneficial to reduce disease spread that could 

occur from a wet pile (Doug, 2004). 

 The length of time an onion may be safely stored will depend on the degree of 

maturity and the variety, which will determine its dry matter content. Yellows are the 

best storage onions, followed by reds, whites and then Spanish onions. The more 

pungent the onion (i.e. yellows and reds), the longer it usually can be stored. The 

sweeter it is, (i.e., Spanish), the poorer storage onion it will be (Doug, 2004). Santiago 



 

17 

et al. (2003) cured medium-size Red Creole onion through sun drying and site drying, 

placed in net bags and wooden crates with net capacity of 20 kg and stored at 27
o
C 

and in cold room at 0
o
C. They found that bulbs stored at 27

o
C lasted for 13 weeks with 

100 per cent rotting while bulbs stored at 0
o
C were prematurely terminated on the 17 

week of storage with high percentage of sound bulbs. Bulbs in 27
o
C incurred a 10 per 

cent weekly rate of rotting compared to 1 per cent rotting at 0
o
C. Bulbs in net bags 

incurred 8 per cent weekly rate of rotting while 4 per cent of bulbs in wooden crates 

rotted. Sun dried bulbs had relatively lower bulb rot incidence regardless of storage 

temperature and packaging material. Bernard (2004) suggested that after curing, 

gradually decrease the storage temperature. A few warm days may cause moisture to 

accumulate on the bulbs and result in discoloration and potential decay of bulbs. 

2.9.5 Effect of diseases on the shelf life and quality of the bulb  

 Beside improper cultural practices, a number of bacterial and fungal infections 

are responsible for various diseases that lead to decay of the bulbs during storage. A 

fungal infection neck rot is caused by Botrytis during pre-harvest time. Neck rot is 

often the most serious cause of post harvest losses in Onion. The fungus may spot 

leaves and causes die back of leaves and spread from cut leaves to the bulb scales 

(Snowdon, 1990). The scales become water soaked and light to dark brown in color. 

The fungus persists from one season to the next on onion waste and by sclerotia on 

soil. Its conidia are dispersed by wind or splashing rains (Eckert, 1988). The 

symptoms usually appear during the storage. The disease causes the scales to become 

water soaked and brown in colour with odd smell when the scales are exposed. High 

humidity is highly conducive for the spread of fungus (Eckert, 1979). In addition to 

neck rot, several other fungal rots such as basal rot, bacterial rot, black mold rot and 

blue mold are commonly problems in stored onion. The incidence of several fungal 

and bacterial rots can be minimized by effective pre or post harvest diseases control 

measures (Srivastava and Tiwari, 1997). Wright (1993) reported that levels of 

bacterial soft rot (caused by Erwinia carotovora subsp. carotovora, Pseudomonas 

marginalis, P. viridiflava and P. gladioli pv. alliicola) in stored onion bulbs were 

affected by rates (double the local recommended rate) and application times of 

nitrogen (N) fertilizer (late in the growing season), at the time of harvesting and water 

(supplementary irrigation) during the field-curing period. Hassan (1996) reported that 
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higher irrigation led to higher susceptibility of onion bulb to storage diseases (Botrytis 

allii, Pseudomonas marginalis and Erwinia carotovora). Early harvesting of onion 

resulted in decreased susceptibility of bulbs to infection with storage pathogens. 

Maturity stage had a slight effect on predisposition of bulbs to the tested pathogens 

during storage.  

 It is evident from the previous work that various aspects of pre and post 

harvest handling need to be optimized under local conditions to decrease post harvest 

losses in onion and develop a package of post harvest technology for the onion bulbs. 

With proper technology, the growers will be able to produce good yield and quality 

onion and India will in a better position to explore international markets for its onion 

export. 

2.9.6 Alternative strategies to delay sprouting 

 Increasing awareness among the consumers towards food safety pressurized 

the retailers to provide food with little or no chemical residues i.e. continuing use of 

MH to extend onion storage life is far from certain, and alternative strategies must be 

explored. In order to identify potential targets for manipulation to suppress sprouting 

in storage, it is useful to examine what changes occur in stored onion bulbs. 

2.9.7 Physiology of onion with respect to sprouting 

 Sprouting is the physiological phenomenon that comes after dormancy 

breakage, and it is a major problem during the storage of onion. Sprouting is defined 

as the condition when the stem apex of an onion shows signs of bursting through the 

neck. Sprouting in an onion requires nutrients, and these nutrients must come from the 

onion. Therefore, changes in the characteristics of biochemical compounds and plant 

hormones could be used to predict the onset of sprouting. Miedema and Kamminga 

(1994) investigated the timing of rooting and subsequent sprouting and concluded that 

roots appear first, followed by sprouts. The reason for sprouting has been investigated 

by a number of scientists with respect to the growth inhibitors (Miedema and 

Kamminga, 1994) and temperature (Benkeblia and Selselet 1999, Miedema, 1994). 

Pak et al. (1995) stated that the major factors responsible for sprouting are the length 

of dormancy period (if it is present; in some cultivars such as Hysam, Hystat, and 
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Centurion, there is no dormancy period) and the sprout growth rate. Sprouting is 

accompanied by many physiological changes, including increases in reducing sugar 

content, respiration, water loss, and change in plant growth regulators (Tucker, 1989) 

 Sprouting begins with the reallocation of water and metabolites from scales to 

a base plate. The sprouts originate from this base plate (Chope, 2012) and this 

reallocation of phytonutrients is responsible for the formation of new cells and cell 

elongation. Before harvest and during sprout growth, there is an increase in mitotic 

activity in onion meristem, and significantly less activity is found during dormancy 

(Matejko and Dablbelm, 1991). Pak et al. (1995) reported that the sink strength 

(carbohydrate usage in the bulb base) increases gradually with the increase in mitotic 

and sucrose synthase activities during sprouting and the initiation of leaves. It is very 

difficult to record internal sprouting because dormancy terminates as soon as internal 

sprouting starts. Therefore, it is only possible to determine internal sprouting if onion 

is cut longitudinally in two halves. This contrasts with rooting, which is superficially 

located on a ring around the base plate and can be recorded easily. Miedema (1994) 

reported that, at the same temperature, rooted bulbs sprout earlier than nonrooted ones. 

It has been postulated that the root supplies specific organic substances, called 

cytokinins, which have been utilized for onion sprout growth. The supply of cytokinin 

from roots to sprouts was proven by the application of benzyladenine in derooted 

bulbs in a few cultivars, resulting in sprouting in the derooted bulbs. cytokinins play a 

role in sprouting by stimulating cell division. Removal of the primordial roots gives 

less chance for the accumulation of cytokinins, and ultimately inhibits sprouting. 

2.9.8 Physiology of onion with respect to dormancy 

 Onion bulbs have high water content and display an active life after harvesting. 

Onions are characterized by three major periods: rest, dormancy, and regrowth 

(sprouting). After harvest, onions go through a rest period for 4–6 weeks, and during 

this rest period, they do not respond to rapid environmental change and there is no 

visible cellular activity (Jones, 1920). The activity of endogenous hormones 

(cytokinins, gibberellins, and auxin) is very low, and inhibitor activity is high. After 

completion of the rest period, the onion enters its period of dormancy. It has been 

postulated that after removal from the ground or immediately after harvest, onions are 
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in a state of natural dormancy, controlled by the various endogenous hormones, and 

also varying with the genetic makeup of the particular cultivar (Benkeblia et al., 

2005). During dormancy, onion bulbs respond to environmental changes. The effect of 

this environmental change is slower in the early stage of dormancy and more rapid in 

the later stage until dormancy is finally lost. The duration of dormancy varies from 

several weeks to months depending on the cultivar, and the methods used in the 

determination of dormancy and sprouting (Carter et al., 1999). According to Espen et 

al. (1999), dormancy in onion bulbs is a physiological state that could be linked to the 

metabolic changes following the source-to-sink transition, when the bulbs are 

prepared to sprout. The metabolic activity in onion depends on the source-to-sink 

transition; the source (scales) is where the carbohydrates are produced and the sink 

(base plate) is where they are consumed during the sprouting in onion. Even though 

the onion bulb is in its dormant stage, the source-to-sink transition takes place at a 

greatly reduced level that keeps the bulb metabolically active, but the change is 

unnoticeable (Lang et al., 1987). During dormancy, the enzymatic activity is very low, 

especially the activity of invertase, which results in reduced levels of metabolic 

activity in onion, but it is relatively rapid during other stages, such as sprouting. 

Dormancy period is followed by a period of internal change that prepares bulb for 

dormancy breakage and subsequent growth, which finally results in visible changes in 

onions. Storage regime also affects the onion dormancy and biochemical changes in 

onion. These biochemical changes include the change in water content, the 

concentrations of flavour-related compounds, (Uddin and MacTavish, 2003) organic 

acids, (Salama, 1990) carbohydrate content, (Benkeblia et al., 2005; Rutherford and 

Whittle 1982) phenolics, (Benkeblia 2000) and endogenous growth-related 

compounds (Thomas 1969; Thomas and Isenberg, 1972). Understanding dormancy of 

onion will help in maintaining quality for marketing and ensuring its continuous 

supply even when the environmental conditions are not suitable for the production of 

onion. In order to maintain quality, onions are placed into medium- to long-term 

storage with the treatment of synthetic sprout inhibitors (maleic hydrazide, exogenous 

ethylene). Regardless of the efforts taken by breeders and growers, there may be 

losses that occur from lack of detailed understanding of the physiological bases of 

onion dormancy and sprouting. 
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2.9.9 Changes occurring in onion bulbs during storage and sprouting 

 Many characteristic changes which occur during storage are change in water 

content, concentration of flavour compounds, carbohydrates, minerals and plant 

growth regulators. Changes in these characteristics are likely to be linked with 

respiration and remobilisation of carbohydrates to provide energy for the growing 

sprout. All nutrients required for growth of the sprout are usually supplied from bulb 

itself; therefore changes in certain key characteristics can be used to predict the onset 

of sprouting. Peaks and troughs in certain substances are known to coincide with 

sprouting but there is currently no biochemical assay that anticipates sprouting 

(Chope, 2006). 

2.9.10 Flavour precursors and pungency 

 Onions, and other Alliums, are eaten for their unique taste and the medicinal 

properties of their flavour compounds (Randle, 1997; Griffiths et al., 2002). The 

flavour compounds are secondary metabolites whose biosynthesis involves the 

metabolism of cysteine and glutathione, which are essential pathways for uptake of 

sulphur and detoxification (Jones et al., 2004). Sulphate is taken up by the roots, 

reduced to sulphite and assimilated into cysteine. The tripeptide glutathione is formed 

and converted into S-2-carboxypropyl glutathione which is metabolised through many 

glutamyl peptides, terminating in S-alk(en)yl-L-cysteine sulphoxide (ACSO) synthesis 

(Block, 1992; Kopsell and Randle, 1997). The ACSOs make up 1-5 per cent of the dry 

mass of an onion bulb and is responsible for the characteristic flavour and odour of 

onions. Intact onion cells have no flavour, but when cells are disrupted the vacuolar 

enzyme alliinase (S-alk(en)yl-L-cysteine sulphoxide lyase) hydrolyses the flavour 

precursors (ACSOs) present in the cytoplasm. The products of this reaction are 

pyruvate, ammonia and unstable alk(en)yl sulphenic acids (Uddin and MacTavish, 

2003), which spontaneously condense in pairs to form thiosulphinates that contribute 

to perceived flavour (Briggs and Goldman, 2002). The three major ACSOs present in 

onion are methyl (MCSO), propyl (PCSO) and 1-propenyl (PRENCSO) cysteine 

sulphoxide. PRENCSO gives rise to the lachrymatory factor, thiopropanal S-oxide 

(Lancaster et al., 1998; Kopsell et al., 1999). The production of the lachrymatory 
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factor was thought to be spontaneous, but further investigation has revealed that it is 

specifically synthesised by an enzyme known as lachrymatory factor synthase (Imai et 

al., 2002). The composition and concentration of ACSOs determines the nature and 

intensity of flavour and odour. Total ACSO content is also positively correlated with 

enzymatically produced pyruvate (Kopsell et al., 1999). Variations in flavour between 

cultivars, and changes that may occur in flavour during storage are due to the 

differences and differential changes in the ACSOs present in bulbs and their alliinase 

activity. A highly significant correlation exists between threshold olfactory perception 

(the minimum concentration of onion juice in water that could be detected by 70% of 

the judges) and enzymatically produced pyruvic acid (Schwimmer and Weston, 1961; 

Schwimmer and Guadagni, 1962). This suggested that the same enzyme system that 

produces volatile odour compounds when the cells of onion are disrupted, also gives 

rise to pyruvic acid, and that pyruvic acid concentration was a good indicator of 

pungency. Selection for less enzymatically produced pyruvate resulted in a milder 

onion (Havey and Randle, 1996; Havey, 1999). Relative pungency is dependent on 

both genetic and environmental factors (Havey and Randle, 1996; Havey, 1999). It is 

possible for pungency to increase, decrease or stay the same during storage (Uddin 

and MacTavish, 2003). 

 Pyruvate analysis measures total pungency but does not estimate the relative 

amounts of individual flavour precursors or final flavour volatiles. The pyruvate 

concentration in onion bulbs ranges from 1.6 μmole/g fresh weight in mild to 13 

μmole/g fresh weight in pungent cultivars as found by Randle (1992). The high 

correlations between flavor perception and enzymatically produced pyruvate 

demonstrate that pyruvate analysis is a useful method for measuring onion pungency. 

Pyruvate analysis would be less expensive and more objective than tests for 

evaluations of several hundred bulbs (Abrameto et al., 2010). There are different 

methods to assess the pungency like HPLC method and spectrophotometric method as 

reported by Gallina et al. (2012). The concentration of pyruvate in onion sample 

expressed as mol g
-1 

fresh weight can be calculated using a calibration curve 

constructed using the due to differences in availability of alk(en)yl cysteine sulfoxides. 

Pyruvate produced by hydrolysis of the ACSOs can be estimated using dinitro phenyl 
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hydrazine (DNPH) (Schwinner and Weston, 1961). Absorbance of pyruvate 

phenylhydrazone is measured spectrophotometrically at 420 nm after mixing onions 

with water (1:1), filtering, centrifugation and dilution before analysis. Randle and 

Bussard (1993) developed a fast juice extraction method using a pneumatic press, 

eliminating blending bulb tissues with water. 

2.9.11 Carbohydrates 

 Series of oligosaccharides and water-soluble carbohydrates viz. Glucose, 

fructose and sucrose referred as fructans constitute around 60-80 per cent of the dry 

weight of onion (Rutherford and Whittle, 1982). With prolonged storage, fructose and 

sucrose levels increased with time due to enzymatic hydrolysis of oligofructans 

(Salama et al., 1990) and fructan levels decreased as are used in respiration (Suzuki 

and Cutliffe, 1989; Ernst et al., 1998). It has been postulated that carbohydrate content 

is directly correlated with storage life. Higher fructose content at harvest was 

correlated with extended storage life in onion cv. Robusta bulbs stored at 4°C for three 

months (Rutherford and Whittle, 1982). The maximum soluble sugar concentration 

was less in the bulbs stored at 4°C, as were the concentrations of tetra, penta and hepta 

saccharides, probably due to decreased enzymatic hydrolysis of fructan polymers by 

depolymerases. The similarity in the pattern of change in total soluble sugars at 

different temperatures suggests that the catabolism of carbohydrates is more 

dependent on physiological stage than temperature. In contrast, fructose concentration 

was higher in onion cv. Sentinel bulbs stored at 0 and 15ºC than in those stored at 

30ºC, suggesting that hydrolysis of fructans increased at low temperatures (Salama et 

al., 1990). A net increase in total sugars was observed at 0ºC, and a net decrease 

observed at 15 and 30ºC (Benkeblia et al., 2002). The pattern of changes in total 

soluble sugar content of onion cv. Rouge Amposta bulbs is similar at 4, 10 and 20°C, 

with a maximum concentration occurring at approximately seven weeks of storage. 

 Storage life of onion cultivar can be easily predictable by determining dry 

matter and fructans content at harvest. Therefore, the proposal of Rutherford and 

Whittle (1982) to use estimations of fructose and dry weight at harvest as indicators of 

storage, medium and long storage life. Fructans concentration in ground lyophilized 

bulb can be measured using a fructans assay kit (O’ Donoghue et al., 2004).  
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2.9.12 Physiological loss in weight and water loss 

 Water accounts for 80-93 per cent of the fresh weight of freshly harvested 

onions. The actual amount depends on cultivar and growing conditions. Water loss 

during curing and drying is rapid and is around 5 per cent of fresh weight (Gubb and 

MacTavish, 2002). Water loss continues throughout storage because of evaporation 

and low-level of respiration. Onion sown in rabi season are harvested in May month, 

kept in ventilated room under ambient storage condition at temperature range 26 to 

36°C, showed total storage losses which ranged from 13 to 43 per cent. Physiological 

loss in weight was found to be the major factor responsible for the highest loss during 

storage and it ranged from 20 to 87 per cent (Sidhu, 2008). Since the water loss is a 

function of storage temperature and relative humidity, high rate of water loss in the 

cultivar could be partly due to the high temperature and low relative humidity during 

storage. 

2.9.13 Respiration 

 Respiration is oxidative breakdown of complex substances into simple 

molecules such as water and CO2. It is necessary evil and has negative correlation with 

shelf life of produce during storage. It can be measured in mmol CO2 kg
-1

 h
-1

. The 

high rate of respiration indicates a higher oxygen consumption and an intense 

metabolic activity mainly carbohydrate catabolism (Benkeblia and Shiomi 2004). 

Chope et al., (2007) reported that respiration of onions after two months at 20°C 

increases nearly 50 per cent of the freshly harvested bulbs. The increase in the 

respiration rate of onion is the consequence of physiological changes where this period 

corresponds to the break of dormancy and the onset of sprouting even if sprouts are 

not emergent from the necks. In India, long-term storage of onion bulbs is important 

for maintaining a continuous supply to the industry and domestic use. Brewster (1977) 

assessed that bulbs harvested at the beginning of September by hand, when 80 per cent 

of the plants had fallen tops, field cured for 21 days dried at 24°C for 35 days and then 

stored untopped at 1°C and relative humidity (RH) 75 to 80 per cent for an additional 7 

months. In general sprouting is inhibited both by high as well as low temperatures and 

encouraged at intermediate temperatures as observed by (Brewster, 1977). The Q10 of 

a respiration rate represents the increase in the respiration rate produced by raising the 
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temperature by 10°C. Benkeblia et al. (2000) observed that the Q10 of onion cv. Rouge 

Amposta bulbs O2 and CO2 respiration rates were 1.67 and 1.84 respectively. The 

respiration rate of oxygen increased throughout storage, doubling within 15 weeks at 

20°C and 20 weeks at 10°C. At 4°C the increase was only slight. 

 Respiration rate is dependent on the physiological state of the bulb (Ogata, 

1961; Benkeblia et al., 2000). The respiration rate of a sprouted bulb is greater than 

that of a non-sprouted bulb sampled simultaneously. The high rate of respiration 

indicates a higher oxygen consumption and an intense metabolic activity mainly 

carbohydrate catabolism (Benkeblia et al., 2004). Chope et al., (2007) reported that 

respiration of onions after two months at 20°C increases nearly 50 per cent of the 

freshly harvested bulbs. Brewster (1977) assessed onion bulbs harvested at the 

beginning of September when 80 per cent of the plants had fallen tops, field cured for 

3 weeks, dried at 24°C for 5 weeks and then stored untopped at 1°C and relative 

humidity 75 to 80 per cent for additional 7 months. Sprouting was inhibited both by 

low and high temperatures and encouraged at intermediate temperatures. The use of 

controlled atmosphere storage extends storage life of onion bulbs; however, as relative 

humidity was high within the storage chambers, disease often ended storage life 

before external sprouting occurred. Respiration of harvested crops is highly dependent 

to ethylene production and activity and any factor increasing the production and 

activity of ethylene leads to increases in respiration and consequently increases the 

senescence rate. 

2.9.14 Dry matter content: 

 Dry matter content is the primary characteristic of onion bulb quality, 

determining, in part, the end use (e.g. as salad, cooking or dehydrated onions), storage 

life, pungency and firmness (Sinclair et al., 1995a). Onions with high dry matter 

content tend to be much firmer and store for longer periods before shoot growth and 

disease incidence deplete the number of marketable bulbs (Darbyshire and Henry, 

1979; Rutherford and Whittle, 1982; Suzuki and Cutliffe, 1989).  

 During the drying and storage period the dry matter content was significantly 

higher in the newer, inner leaf bases than in the older, outer leaf bases of onion 

(Darbyshire, 1978; Rutherford and Whittle, 1982). Onion outer leaf bases containing 
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larger cells that have a lower percentage of dry matter content than the inner leaf bases 

as reported by (Darbyshire and Henry, 1979). Onion cultivars characterized by low 

dry matter content tend to accumulate simple sugars such as glucose and fructose 

during bulb formation, whereas those characterized by high dry matter tend to 

accumulate more fructans. A positive relationship between fructans content at harvest 

and storage life has been reported (Suzuki and Cutliffe, 1989). Supporting this 

relationship, bulb fructans concentration before storage was greatest in the cultivars 

with the longest storage potential. Fructans concentration would be expected to 

decrease over time as they are enzymatically hydrolysed to fructose found by Hurst et 

al. (1985). High fructans concentration may protect against tissue damage caused by 

anaerobic respiration under low oxygen conditions Ernst et al., (2003).  

 The higher dry matter content recorded in bulbs cured and stored with foliage 

as compared to bulbs stored without foliage (Pandey et al., 1992). In contrast the 

lowest dry matter found in bulbs stored in cemented room without foliage. Bulbs in 

mud room were better than Cemented room stored bulbs in dry matter content, while 

dry matter in bulbs kept under cold store was more than both Mud as well as 

Cemented room storages. Since, each storage condition is characterized by different 

temperature, considerable variations are reported under different storage conditions 

(Krawiec, 2002) with storage temperature resulting in increased dry matter losses 

(Tariq et al., 2005). 

 Hadokova and Ito (1968) suggested that high soluble sugar content at harvest 

would be indicator of good keeping quality of onion bulbs. Cultivar having high dry 

matter content could be for longer storage period than those having low dry matter 

content (Toul and Pospisilova, 1968). Kodic (1971) found that the onion varieties with 

higher dry matter content stored well and retained their aroma better than those onion 

varieties having low dry matter. Onions which had their tops removed at harvest tend 

to have less dry matter than those on which the tops were retained (Nettles and Smith, 

1971). Sprouting losses have been observed to be more in varieties with a low 

percentage of dry matter and TSS content (Sandhu et al., 1976). 

 Bajaj et al. (1980) reported that the average dry matter content of five white 

and seven red cultivars of onion on dry weight basis ranged from 10.66 to 14.8  
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per cent. Bajaj et al. (1980) reported that onion bulbs with higher levels of dry matter, 

total soluble solids, non-reducing sugars and phenolic content exhibited longer storage 

life. For better storage, the red cultivars with high level of dry matter, non-reducing 

sugars and phenolic constituents were found to be more suitable than white cultivars 

(Bajaj et al., 1981). Darbyshire and Henry (1981) observed that as the per cent dry 

weight of onion bulbs of nine cultivars increased, the fructose content also increased 

during storage. 

 Chang et al. (1987) reported that bulbs with high dry matter and pyruvic acid 

content have the better storage quality. Patil and Kale (1989) concluded that higher 

content of dry matter and TSS was associated with better keeping quality. Bulbs with 

high TSS, high dry matter, non-reducing sugar, thin neck and medium size of the 

bulbs were good storage quality of onion (Shaha et al., 1992). 

 Agic et al. (1997) observed that cultivars with a high dry matter percentage 

and those with a large number of dry scales showed potential for a longer storage 

period. The per cent dry matter and TSS increased during storage from 11.4 to 12.3 

and 10.6 to 11.9, respectively, but reducing sugar content decreased from 3.47 to 2.35 

per cent. However, the non-reducing sugar content of onion bulbs increased from 5.26 

to 6.61 per cent during six months of storage (Patil and Kale, 1998). 

 Pramanick et al. (1989) found that SI-126 had the highest total soluble solids, 

dry matter percentage and ascorbic acid content makes suitable for storage. Bulbs of 

poor keeping varieties had low dry matter content, low TSS, high relative rate of loss 

and high moisture loss especially in the period immediately after harvest, which result 

in softening, shrivelling and loss of weight (Kallokumar et al., 1999). 

2.10 Physiology of onion with respect to plant growth regulators 

 Knowledge of plant growth regulator (PGR) transport pathways has led to new 

opportunities to manipulate PGR levels within the plant. In plants, growth substances 

readily translocate from the upper part such as leaves to the lower part such as roots 

and stem. The pre-harvest chemical treatments of upper foliage with its translocation 

to lower parts are beneficial for the onion in terms of prolonging storage life. 

However, pre-harvest application has the drawback that unused chemical directly goes 
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to the soil and affects the quality and fertility of the soil. The various phases of plant 

growth are controlled by a balance of the level of endogenous hormones presented in 

the plant (Thomas and Rankin, 1982). Hemberg (1967) stated that the dormancy of 

onion is controlled by the interactions between different inhibitory and promoting 

substances. The role of endogenous growth regulators is well documented in diverse 

physiological processes, but there are many contradictory reports on the effects of 

both endogenous and exogenous substances. 

2.11 Effect of chemicals on physico-chemical properties, shelf life 

 and disease control of fruits and vegetables 

2.11.1 Salicylic acid 

 Salicylic acid (SA) is considered to be a potent plant hormone (Raskin, 1992a) 

because of its diverse regulatory roles in plant metabolism (Popova et al., 1997). 

Salicylic acid is an endogenous plant growth regulator of phenolic nature that 

possesses an aromatic ring with a hydroxyl group or its functional derivative. It 

possesses diverse physiological roles in plants and potentially alleviates the 

devastating effects generated by various biotic and abiotic stresses and plays a key 

role in the regulation of plant growth, development, interaction with other organisms 

(Raskin, 1992a,b; Yalpani et al., 1994; Senaratna et al., 2000). It is a well known 

naturally occurring immune signal in the induction of disease resistance response in 

plants (Denancé et al. 2013; Gimenez-Ibanez and Solano 2013; Yang et al. 2013). SA 

signaling system activates not only local resistance but also systemic acquired 

resistance (SAR) observed even in distal tissues. SAR is an SA-dependent heightened 

defense to a broad spectrum of pathogens that is activated throughout a plant 

following local infection (Liu et al. 2011a). In the past, exogenous application of SA 

and its derivatives such as acetyl salicylate and methyl salicylate were used to control 

post harvest diseases of fruits and vegetables by increasing the SAR (Babalar et al., 

2007). Many reports suggest that SA can be used as commercial application for 

maintaining post harvest quality to prolong shelf life of fruits, vegetables and 

ornamentals. Both pre- and post-harvest SA application in extending shelf life and 

maintaining quality of post harvest produce have been investigated and developed for 

commercial use. Dietary salicylates derived from fruit and vegetables are described as 
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bioactive compounds with heath care potential (Hooper and Cassidy, 2006) and are 

considered as generally recognized as safe (GRAS). It also effectively protects cell 

wall by decreasing the respiration rate mainly due to its negative effects on ACC, 

ACO, pectin methylesterase, cellulose and antioxidant enzymes leading to decrease in 

ethylene production and action (Mohammadreza and Morteza, 2010). 

 Javaheri et al. (2012) reported that tomato seedlings sprayed at two weeks after 

transplanting with different concentrations of salicylic acid at two week interval for 

five times. Plants treated with salicylic acid 10
-6

 M recorded significantly higher fruit 

yield (3059.5 g/bush) compared to non-treated plants (2220 g/bush). At 10
-2

M 

concentration fruits had significantly higher vitamin C (32.5 mg per 100 g of fruit 

fresh weight), increased diameter of fruit skin (0.54 mm) more than two fold 

compared to control (0.26 mm) and high TSS (9.3
0
B) as compared to non-treated 

plants (5.9
0
B). These results suggest that foliar application of salicylic acid may 

improve quantity and quality of tomato fruits. 

 Supriya (2015) recorded that onion bulbs treated with Salicylic acid at 2 mM 

found to significantly lower PLW (14.70%), minimum respiration was observed in 

onion bulbs treated with SA 4 mM (16.00 ml CO2/kg/h) and the minimum sprouting 

was noticed onion bulbs treated with 4 mM SA (3.70%). 

 Pineapple fruits treated with 5mM salicylic acid concentration for 15 minutes 

and stored at 10°C exhibited significant decrease tissue respiration rate, soluble solid 

content, titrable acidity, soluble sugar content and slowed degradation of starch. The 

activity of peroxidase, polyphenol oxidase, phenylalanine ammonia-lyase also 

decreased with this treatment. Salicylic acid treatment increased the activity of 

superoxide dismutase and ascorbate peroxidise along with extending the shelf life as 

compared to the untreated control (Lu et al., 2010). 

 In jujube fruit (Ziziphus mauritiania Lamk) vitamin C, total soluble solids 

(TSS), acidity, firmness and quality grade increased significantly by the SA (150 mg/L 

at 3 weeks before harvest) treatment either at harvest time or after cold storage. The 

percentage of fruit weight loss commercially unacceptable peel as well as, fruit 

browning index tended to decrease in SA spray (Al-Obeed et al., 2012). 
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 Khademi and Ershadi (2013) found that post harvest treatment of peach fruits 

cv. Elberta with SA (2 mM) had positive effect on firmness, total phenolic contents 

and antioxidant capacity of fruits without any adverse influence on fruit taste and 

appearance. Pre storage treatment of Satsuma mandarin fruits with 2 mM SA showed 

decreased disease incidence of 10 per cent in first 50 days and 23.3 per cent in next 

120 days of storage. In addition to increased fruit firmness, contents of H2O2 and some 

defense related metabolites enhanced storability of citrus fruit (Zhu et al., 2016). 

 The effect of salicylic acid (SA) on strawberry (cv. Selva) fruit was studied by 

treating at 3 stages namely, vegetative stage (v), fruit development stage (F) and as 

postharvest treatment of fruits (P). When plants were treated with 2 mmol /L SA at F 

and P stage more than 30 per cent reduction in fruit ethylene production was observed 

compared to control fruits. SA at all concentrations effectively reduced fruit ethylene 

production, fungal decay and retained overall quality. Single stage treatment strategy 

of fruits with 2 mmol /L SA at postharvest stage was the most effective. Post-harvest 

treatment with 4 mmol /L SA slightly damaged the fruits and was less effective than 2 

mmol /L in retaining fruit quality (Babalar et al., 2007). 

 Amin et al. (2007) investigated that foliar application of salicylic acid (50, 

100, 200 mg/l) on onion results in significant increase in growth characters, 

photosynthetic pigments content/ leaves, yield and its quality traits, total soluble 

sugars, total free amino acids, total phenols and total indoles. The lower and moderate 

concentrations (50 and 100 mg/l) were more effective than the higher ones (200 mg/l).  

 Yeganeh et al. (2013) studied effect of salicylic acid in table grapes cv. 

‘Bidaneh Sefid’ both at pre and post harvest stages and found that SA significantly 

improved the post-harvest performance of berries in all studied traits viz. soluble solid 

content, dry matter, sugar/acid ratio and fruit overall quality. SA at 2 and 4 mM 

decreased water losses, fungal decay and rachis browning. Fruits treated at both pre 

and post harvest maintained better quality in comparison to fruits treated after harvest. 

 Post harvest treatment of Apple cv. Jonagold in SA solution (0,1.5, 3 mM) for 

5 min resulted in retention of maximum fruit firmness, TSS, TA, peroxidase activity, 

ascorbic acid content and superoxide dismutase activity and reduced browning index, 

relative electrical conductance and weight loss compared to control (Kazemi et al., 
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2011). Shafiee et al. (2010) found that pre harvest application salicylic acid (0.03 mM) 

along with nutrient solution in strawberry cv. Camarosa prevented fruits softening, 

decreased weight loss, decay and extended post harvest life. The authours opined that 

SA can be easily used instead of laborious postharvest treatments to improve 

strawberry fruit quality.  

 Yao et al. (2005) investigated the effect of pre harvest application of cherry 

fruits with SA (2 mM) and methyl jasmonate (0.2 mM) on cherry fruits to induce 

defense resistance system against post-harvest diseases and found promising measure 

for controlling post-harvest decays on a commercial scale. SA treated fruits possess 

direct fungi toxicity on Monilinia fructicola and inhibited mycelial growth, spore 

germination of the pathogen invitro. The fruit treated with MeJA (pre-harvest) 

expressed higher activity of β-1, 3 glucanase and PAL than fruit treated with SA and 

the control during the early storage time. 

 Pomegranate fruit were treated with salicylic acid (0.7, 1.4 or 2.0 mM) 

followed by storing fruits at 2
o
C for 3 months. Fruits treated with SA (2 mM) resulted 

in reduced chilling injury, electrolyte leakage and maintenance of Vit C content 

(Sayyari et al., 2009). SA treatments with concentrations of 2 and 4 mM significantly 

increased grape post-harvest life through maintaining the rachis conditions, reduced 

weight loss, increasing phenol content, improving plant defense mechanism and 

elimination or reduction of fungi contamination during storage. Thus, the treatments 

with SA may be an effective alternative to improve the post-harvest life and 

maintaining quality of grapes, with the addition of the benefit of improving phenolic 

content and composition, and reducing the rate of rachis browning during postharvest 

storage (Ranjbaran et al., 2011). 

 Tsewang (2016) found that seedling dip followed by foliar spray of salicylic 

acid (2 mM) 60 and 90 days after transplanting in onion crop resulted in lower PLW 

and higher pungency. Foliar spray of salicylic acid (2 mM) 90 days after transplanting 

exihibited increased firmness of bulbs, higher yield, and lower respiration rate. 

Seedling dip followed by foliar spray of 2 mM salicylic acid at 90 DAT showed good 

sensory attributes with respect to texture, flavour and taste. 
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 Xuang et al. (2001) found that the foliar application of salicylic acid at 1 mM 

increased bulb girth in garlic. 

 Krishna et al. (2011) found that both pre- and postharvest treatments of apple 

cv. 'Oregon Spur' with SA resulted in improvemed physico-chemical characteristics 

and reduced fruit infection percentage resulting in improved fruit quality and extended 

shelf life of apple fruits. Lolaei et al. (2012) found that both pre-harvest and post-

harvest treatments of SA effectively increased the fruit quality of strawberry fruit 

during storage. Treated fruits exihibited higher titratable acidity, less weight loss, 

decay, higher vitamin C and redness in comparison to control. SA treatment delayed 

the onset of the climacteric peak of respiration and also inhibited respiration and 

ethylene production. SA affected on the quality of strawberry fruit and increased its 

store-keeping. 

 Alijo et al. (2015) conducted a study to know the effect of post harvest 

treatment of peach fruits cv. ‘Elberta’ with three different concentrations 0.5, 1 and 2 

mM L
-1

 SA and three different concentrations 250, 500 and 750 ppm and cinnamon 

essential oil for 5 min at 25ºC. SA @ 2 mM was found to be effective in reducing the 

weight loss (1.89 %) along with improved quality parameters during of storage period. 

 Noor et al. (1998) reported that the bulbs treated with salicylic acid @ 800 to 

1000 ppm recorded less moisture loss, delayed sprouting, rotting and maximum 

overall acceptability scores when compared to control.  

2.11.2 Azoxystrobin 

 The Strobilurins are a group of broad-spectrum fungicides with non-toxic 

effects on humans or the environment. These compounds are active synthetic 

substances with a similar action to the natural strobilurin A (Anke et al., 1977), and 

they are active against the major groups of plant pathogenic fungi. Azoxystrobin 

(Amistar 25 SC) is a potent strobilurin fungicide having novel biochemical mode of 

action (Hewitt, 1998). Its fungicidal activity results from the inhibition of 

mitochondrial respiration in fungi, which is achieved by the prevention of electron 

transfer between cytochrome b and cytochrome c (Becker et al., 1981). The result of 

this activity is the cessation of normal energy production (ATP) within the cells, 
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which results in cell death. Evidence of this on fungi can be observed in spore 

mortality, mycelial collapse and inhibition of sporulation or disruption of other vital 

stages of fungal development (Harrisson and Tedford, 2002). 

 According to Supriya in the year (2015), foliar application of onion crop with 

Azoxystrobin (0.5ml/L) showed minimum rotting (7.8%) and maximum marketable 

yield. Tsewang (2016) found that foliar application of onion crop with 0.1 per cent 

azoxystrobin 60 and 90 DAT was found to be effective in controlling rotting and 

giving higher total phenolic content and foliar spray of azoxystrobin (0.1%) at 90 

DAT resulted good quality bulbs interms of size, diameter, reduced sprouting and 

disease incidence.  

 The study of Srinivasan et al. (2014) on the performance of azoxystrobin 

tested against anthracnose and powdery mildew diseases of chilli confirms the 

efficacy of this chemical. In this study, azoxystrobin was sprayed in various doses 

(62.5, 125.0, 187.5 and 250.0 g a.i /ha) at fifteen days interval for three times starting 

from 35 days after planting. It was found that azoxystrobin at 250 g a.i/ha effectively 

controlled fruit rot and powdery mildew diseases of chilli. This treatment also 

recorded the highest fruit yield. Azoxystrobin did not induce any phytotoxic effect in 

chilli crop. 

 Anand et al. (2007) conducted a study to know the compatibility of 

Pseudomonas fluorescens (Pf1) with azoxystrobin at different concentrations viz., 100, 

150, 200, 250 and 300 ppm and revealed that the bacterium was compatible with all 

the concentrations tested, even at the maximum concentration of 300 ppm, its growth 

was unaffected. The field experiment revealed that the combined foliar application of 

Pf1 (2.5 kg ha-1) and azoxystrobin (250 ml ha
-1

) reduced downy mildew as well as 

powdery mildew disease severities in cucumber more than azoxystrobin (250 and 500 

ml ha
-1

) alone. The Per cent Disease Index (PDI) of downy mildew recorded was only 

2.22 and 1.00 and PDI of powdery mildew was 1.85 and 0.50 during the first and 

second seasons respectively. The treatment also recorded maximum fruit yield of 

14.30 and 15.65 tonnes ha
-1

 for the first and second seasons, respectively. The 

combined application of both significantly increased the survival of Pf1 in the 
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phylloplane of cucumber crop. In addition, there was multifold increase in peroxidase, 

polyphenol oxidase, phenylalanine ammonia lyase, ß-1, 3 glucanase, chitinase and 

phenolics in plants. 

 Deidhiou et al. (2014) reported field testing of azoxystrobin (250g/L) and 

myclobutanyl (240 g/L) as the most effective fungicides to control anthracnose disease 

and extend shelf life of mango fruits. A single foliar spray of mango trees with 

myclobutanyl or two sprays with azoxystrobin reduced the disease incidence from 100 

per cent to 30 per cent for fruits stored for 7 weeks while maintaining the fruit quality.  

 Pre-harvest spray of azoxystrobin (416.7 mg/L a.i.) improved post-harvest 

shelf-life of lettuce by reducing chlorophyll degradation, senescence and total 

polyphenol content which can be linked to less browning during storage (Bonasia et 

al., 2013).  

2.11.3 Cycocel (CCC) 

 Chloro coline chloride (CCC) belongs to quaternary ammonium compound 

groups of synthetic chemicals. Since its discovery in the 1960s, cycocel has become 

one of the most widely utilized commercial plant growth regulators in the world, 

because it exhibits low toxicity and exerts its effects on many crop plants. Cycocel 

retards stem extension without any physiological aberration. Application of this 

chemical neither suppresses the growth permanently nor causes any deleterious effect 

on the vigour of the treated plants.  

 Cycocel is the most active member of the new group of quaternary ammonium 

compounds and is anti-gibberellin in its action. Application of cycocel retarded shoot 

growth and reduced the internodal length and slowing down cell division or cell 

elongation in many crops. Reduction in leaf number and leaf area was reported due to 

cycocel application in several crop plants. Cycocel belongs to the group of quaternary 

ammonium compound, an anologue of chlorine, which is the most active compound. 

Pre-harvest spray of 1000 ppm cycocel recorded least per cent loss (10%) and better 

keeping quality of tomato compared to untreated tomato fruits (25%) (Bhujbal and 

Patil, 1978)  
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 Foliar application of different growth regulators, cycocel at 1000 ppm recorded 

minimum loss in fresh weight and significantly longer post-harvest life (9.74 days) of 

cut ‘Raktaganda’ roses over control (7.40 days) (Chaobasingh and Bhattacharjee, 

1998). 

 Foliar spray of at cycocel 500 ppm significantly increased the diameter, 

number of cloves per bulb and yield in garlic (Das et al., 1980). Onion crop sprayed 

with cycocel @ 2500 ppm on 75 and 90 days after transplanting showed positive 

effect by decreasing rotting percentage when compared to control (Anonymous, 

2004). 

 Singh (2011) conducted a field experiment to know the effect of foliar 

application of various treatments viz. potassium sulphate (0, 1 % and 2%), cycocel (0, 

1000 and 1500 ppm) and benlate (0 and 500 ppm) on various morphological 

parameters and on post harvest life of ber, cultivar Banarasi Karaka. First application 

was given in month of September during blooming period followed by second 

application at pea stage of fruits. During storage of fruits a combination of (cycocel 

1500ppm, potassium sulphate 2 per cent and benlate 500 ppm) significantly increased 

TSS and ascorbic acid content at different period of storage and maintained maximum 

level at 12 days of storage. 

 Kumara and Patil (2014) conducted a study to know effect of pre-harvest 

sprays of growth regulators and chemicals on storage life of garlic. Application of 

CCC (1000 ppm) + dithane M-45 (1000 ppm) showed maximum recovery of healthy 

cloves (41.04%) at the end of 180 days of storage. 

 An investigation was carried out by Gautam et al. (2014) to know the effect of 

clove weight and plant growth regulators on growth and yield of garlic cv. Agrifound 

Parvati. The treatment combination of clove weight 3.1-3.5 g and cycocel 1000 ppm 

gave the highest bulb yield per plot (3.79 kg) along with improved growth parameters. 

 Zinzala et al. (2017) conducted a field experiment to know the effect of foliar 

application of plant growth regulators on growth, yield and quality of garlic var. GG-

3. The treatment cycocel 1000 mg/1 recorded maximum number of leaves per plant at 

60 DAS (8.80) and 90 DAS (10.20 cm), highest fresh (32.39 g) and dry (12.39 g) bulb 
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weight, diameter of bulb (4.92 cm), number of cloves per bulb (19.52), maximum 

length of clove per bulb (3.06 cm), highest weight of clove per bulb (1.91 g), yield per 

plot (3.52 kg) and yield/ha (9.57 t) along with the maximum net return with BCR 

(3.94). 

 Ram et al. (2012) conducted a study to know effect of post harvest treatment 

of aonla cv. NA-6 with following treatments. Ventilated (0.5%) polyethylene bags 

(control packed), treatment with cycocel (100 ppm) + benlate (0.1%), treatment with 

cycocel (100 ppm) + benlate (0.1%) + packed in 0.50% ventilated polyethylene bags, 

treatment with maleic hydrazide (100 ppm) + benlate (0.1%), treatment with maleic 

hydrazide (100 ppm) + benlate (0.1%) and packed in 0.5 per cent ventilated 

polyethylene bags were considered for experiment. The result revealed that among 

different treatments, cycocel 100 ppm + benlate 0.1% bagged in polyethylene showed 

maximum retention of ascorbic acid content, maintaining higher amount of acids, 

tannins and least physiological loss in weight (PLW) with chlorophyll degradation at 

minimum levels. Similarly, the incidence of spoilage reduced during storage. The 

fruits treated with cycocel (100 ppm) + benlate (0.1%) followed by packing in 

polyethylene bags improved physico-chemical quality and shelf life of aonla under the 

agro-climatic conditions of Lucknow. 

 Singh et al. (2008) evaluated the effect of growth regulators on growth and 

yield of garlic and reported that the application of cycocel @ 600 ppm with 60 ppm 

NAA and 60 ppm ethrel resulted maximum plant height, stem diameter, number of 

leaves per plant, length and width of leaves, bulb size and bulb yield. 

 Memane et al. (2008) studied the effect of clove weight and plant growth 

regulators on growth and yield of garlic cv. GG-3. Cloves dipped in cycocel @ 1000 

ppm and NAA @ 50 ppm recorded the maximum plant height. Dipping cloves in 1000 

ppm of cycocel recorded maximum number of leaves per plant, weight of bulbs, 

weight of cloves, diameter of bulb, number of cloves per bulb, yield and TSS content 

when compared to control. 

 Gasti et al. (2011a) observed that spraying of garlic with different 

concentrations of cycocel at full vegetative growth i.e. 60 days after sowing. Highest 

bulb yield was recorded with mapiquat chloride at 175 ppm. Gasti et al. (2011b) 
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studied the effect of pre-harvest sprays of growth retardants on yield of onion. The 

results revealed that treatment with different concentrations of cycocel and mapiquat 

chloride sprayed at full vegetative growth i.e. 45 days after sowing. Mapiquat chloride 

@ 175 ppm gave a maximum bulb yield per hectare over control.  

 Sankar and Lawande (2011) studied the effect of pre-harvest sprays of growth 

retardants on growth and yield of garlic var. G-41 and the results revealed that 

treatment with Cycocel @ 6 ml/l applied as foliar spray at different growth stages 

though increased yield over control, it was non significant and there was no additional 

benefit of foliar application of cycocel.  

 Anbukkarasi et al. (2011) studied the effect of pre-harvest foliar sprays of 

growth regulator and fungicides on growth and yield of onion. The results revealed 

that treatment with Cycocel @ 200 ppm + Carbendazim @ 1000 ppm sprayed at 30 

days before harvest recorded more number of leaves per plant, weight of bulb and 

bulb yield. 

2.10.4 Sensory evaluation  

 Quality is a measure of degree of excellence or degree of acceptability of a 

product by the consumer. It is realized the acceptability of a product cannot be 

determined based on physical, chemical and microbiological criteria without 

conducting sensory evaluation (Joshi and Bushan, 2002). Hence, evaluation of sensory 

qualities is an important tool for deciding the consumer acceptability. Sensory 

characteristics of quality include appearance, texture, flavor, taste and overall 

acceptability.  

 Deidhiou et al. (2014) reported that field testing of azoxystrobin (250g/L) and 

myclobutanyl (240 g/L) extended the shelf life of mango fruits for 7 weeks while 

maintaining the fruit quality. Shafiee et al. (2010) observed that strawberry fruits 

dipped in salicylic acid solution at 2 mM concentration were found to have higher 

firmness than control. 
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 The sensory evaluation of artificially cured bulbs showed better appearance, 

relatively bright and glossiness compared to the sun cured bulbs (Satish and 

Ranganna, 2002b). 

 Sonawane et al. (2016) noticed that foliar application of cycocel 1500 ppm to 

mango cv.Alphanso trees resulted in increased yield of 5291.67 Kg/ha along with 

obtaining maximum organoleptic score for colour, flavour and texture.  
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3. MATERIALS AND METHODS 

The present investigation was carried out at College of Horticulture located in 

the main campus of University of Horticultural Sciences (UHS) Bagalkot, Karnataka; 

during kharif season of the year 2016-17. The details of material and methods used for 

the “Studies on field application of salicylic acid, azoxystrobin and cycocel on shelf life 

of onion cv. Arka Kalyan” the experimental design adapted and procedures followed for 

the statistical analysis of the experiment are outlined here. 

3.1 Geographical location and climate  

Bagalkot falls in the Northern Dry Zone (Zone-3) of Karnataka. The study area 

was located at 75° 42' East longitude and 16° 10' North latitude with an altitude of 

542.00 m above Mean Sea Level (MSL). The district is grouped under arid and semi-

arid region with mean annual rainfall of 517.3 mm and mean temperature of 32.6°C. 

3.2 Experimental site  

The experiment was carried out by raising onion crop at College of Horticulture, 

UHS main campus, Bagalkot. Soil of the research plot was analysed for the macro 

nutrients at the Department of Soil Science and Agricultural Chemistry, College of 

Horticulture, Bagalkot. Available nitrogen, phosphorus and potassium were found to be 

280 to 560 N/kg/ha (medium), 50.27 kg/ha (medium) and 698.88 kg/ha (very high) 

respectively. The EC of the soil was 0.83 (medium salinity) and pH of the soil was 

found to be 7.72 (neutral). Further, this nutrient status of the soil was considered as the 

basis for the application of fertilizers to raise the crop 

3.3 Varietal description 

The variety Arka Kalyan was released from the IIHR Bangalore, Karnataka. It 

was developed through vigorous mass selection from IIHR-145, identified for IV, VI, 

VII and VIII zones during 1987. It is suitable for kharif season. Bulbs are globus 

shaped, average bulb weight is 130-180 grams with deep red coloured outer scales. The 

bulbs are pungent with TSS range of 11-13 per cent. The variety is moderately resistant 



 

40 

to purple blotch disease. The performance of the variety in storage is average. The 

average yield is 45 t /ha (Anon., 2012). 

3.4 Experimental details 

Detailed programme of research 

Experiment: 

Location    : COH, BAGALKOT 

Experimental design   : RCBD 

Plot size     : 1.8 m X 1.8 m 

Number of treatments  : 12 

Number of replications   : 3 

Quantity of bulbs/ replication  : 12 kg/replication 

Variety    : Arka Kalyan 

Spacing     : 15 cm X 10 cm  

Gross area   : 134.14 m
2
 (0.033 acre) 

Net area     : 116.64 m
2 

(0.028 acre) 

Treatment details  

 T1 - Control  

 T2 - Pre-harvest spray of salicylic acid (2 mM) at 60 + 90 DAT 

 T3 - Seedling dip in salicylic acid (2 mM) + Pre-harvest spray of salicylic acid (2 mM) 

at 60 + 90 DAT 

T4 - Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT 

T5 - Pre-harvest spray of salicylic acid (2 mM) and azoxystrobin (0.1%) at 60 + 90 DAT 
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T6 - Seedling dip in salicylic acid (2 mM) + Pre-harvest spray of salicylic acid (2 mM) 

followed by foliar spray of azoxystrobin (0.1%) at 60 + 90 DAT 

T7 - Pre-harvest spray of cycocel 2500 ppm at 90 DAT 

T8 - Pre-harvest spray of salicylic acid (2 mM) at 60 + 90 DAT and foliar spray of 

cycocel 2500 ppm at 90 DAT 

T9 - Seedling dip in salicylic acid (2 mM) + Pre-harvest spray of salicylic acid (2 mM) 

at 60 + 90 DAT and foliar spray cycocel (2500 ppm) at 90 DAT 

T10 - Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT and foliar spray of 

cycocel (2500 ppm) at 90 DAT 

T11 - Pre-harvest spray of salicylic acid (2mM) and azoxystrobin (0.1%) at 60 + 90 

DAT followed by cycocel (2500 ppm) foliar spray at 90 DAT 

T12- Seedling dip in salicylic acid 2 mM + Pre-harvest spray of salicylic acid (2 mM) 

and azoxystrobin (0.1%) at 60 + 90 DAT followed by foliar spray of cycocel 

(2500 ppm) at 90 DAT 

3.4.1 Cultural operations 

The details of various cultural operations followed at the time of raising onion 

crop for research work are briefed here under. 

3.4.1.1 Nursery operation  

Around five raised nursery beds of size 4.0 m x 1 m were prepared on which 

seeds are sown thinly by maintaining spacing of about 2-3 cm between the seeds and 

row to obtain around 4000 to 5000 seedlings. 

3.4.1.2 Preparation of experimental plots 

 The land was ploughed thoroughly, clods were broken and the soil was brought 

to a fine tilth. The experimental plots of size 1.8x1.8 square meter were prepared. 3 

rows each consisting of 12 plots, were laid down (Fig.1). 
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Fig. 1. Layout plan of experiment 
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3.4.1.3 Transplanting 

 Healthy and uniform seedlings were transplanted during early morning period. 

The seedlings were transplanted at a spacing of 10 cm x 15 cm. A light irrigation was 

given immediately after transplanting.  

3.4.1.4 Application of manures and fertilizers 

  A well decomposed farm yard manure @ 25 t/ha was applied at the time of land 

preparation. A recommended dose of 125:75:125 kg N, P2O5 and K2O per ha (Anon., 

2013) was applied in two splits, i.e., 50 per cent N and full dose of P and K as a basal 

dose in the form of urea, super phosphate and murate of potash respectively. The 

remaining 50 per cent of N was applied after six weeks of transplanting. The actual 

quantity of fertilizers used was based on initial nutrient status of soil. 

3.4.1.5 After care 

Regular hand weeding was carried out to keep the plot free from weeds. 

Irrigation was given at weekly interval throughout the entire period of crop cultivation. 

All the plant protection measures and earthling up was followed as per the 

recommendations of package of practices (Anon., 2013).  

3.4.1.6 Preparation of spray solutions for pre-harvest treatments 

 Salicylic acid being sparingly soluble in water was first dissolved in little 

quantity of ethanol and then by making up the volume with water. The rest of the 

chemicals like azoxystrobin and cycocel were prepared by dissolving the required 

quantities in known volume of water to obtain the required concentrations. A spray 

volume of 2 liters was prepared for each replication. The solutions were sprayed 

uniformly and enough care was taken to avoid drifting of chemicals to other plots by 

erecting temporary barriers around the plot. The solutions were sprayed using Knap 

sack sprayer to onion foliage in accordance with the experimental treatments.  

3.4.1.7 Harvesting 

 The crop was harvested at maturity i.e., 120 days after transplanting (DAT) 

when 50 per cent of the plants showed drying and falling of their tops. The plants were  
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pulled along with leaves and kept for curing for a week under open condition. Then the 

foliages were cut with sharp clean knife leaving about 2.5 cm top above the bulb. These 

bulbs were then shade cured for 15 days.  

3.4.1.8 Storage  

 The cured onion bulbs were sorted out by removing sprouted and damaged bulbs 

and 12 kg healthy and uniform bulbs from each treatment were packed in thin gunny 

bag of size 45x60 cm
2
 and kept in clean empty room for storage studies.  

3.5 Observations recorded 

The following observations were recorded on bulbs during the period of storage. 

Initial observations were recorded before keeping the bulbs for storage. Physiological 

loss in weight per cent, sprouting percentage, rotting percentage, per cent moisture 

content, per cent dry matter, TSS content, Incidence of black mould (%), bulb firmness 

(N), colour of the bulbs and per cent marketable bulbs were recorded at monthly 

interval for a storage duration of 4 months. The details of the methodology adopted for 

recording these observations during experimentation are described below. 

3.5.1 Field parameters 

3.5.1.1 Yield (t/ha), number of bulbs/kg and bulb diameter (mm) 

 Yield and number of bulbs per kg were observed using weighing balance and 

diameter was recorded using digital vernier caliper (Make: Seiko Instrument Inc., 

Model: CD-6 ASX).  

3.5.2 Physical parameters 

 Initially 12 kg bulbs were selected in each treatment. These bulbs were used 

each time for recording rotting, sprouting percentage and per cent black mould 

incidence. 
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3.5.2.1 Sprouting percentage 

For determining the sprouting percentage on stipulated days after storage, the 

bulbs showing sprout were separated from the lot and weighed on an electronic balance. 

The sprouting percentage, which indicated the weight of the bulbs sprouted on 30, 60, 

90 and 120 DAS was calculated by using the formula given below. 

Sprouting percentage (%) = 
Weight of the sprouted bulbs (g) 

x 100 
Initial weight of bulbs 

 

3.5.2.2 Rotting percentage 

 Rotting percentage was determined by separating the rotten bulbs from the lot 

and weighed on an electronic balance. The rotting percentage, which indicated the 

weight of the bulbs rotten at 30, 60, 90 and 120 DAS was calculated by using the 

formula given below. 

Rotting percentage (%) = 
Weight of the rotted bulbs  

x 100 
Initial weight of bulbs 

 

3.5.2.3 Incidence of black mould (%) 

 The incidence of black mould which is a major storage disease caused by 

Apergillus niger was recorded at monthly interval up to 4 months. The incidence of 

black mould was expressed in percentage. 

3.5.2.4 Physiological loss in weight (%)  

 In each replication, 25 bulbs were earmarked to record the PLW. The marked 

bulbs in each replication of the respective treatment were weighed individually at the 

beginning of storage to record the initial weight. Subsequently at monthly interval the 

bulbs were weighed again. The cumulative losses in weight of bulbs were calculated 

and expressed as per cent physiological loss in weight using the formula given below. 
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Physiological loss in weight (%) = 
P0 – P1 or P2 or P3 or P4  

x 100 
P0 

Where,  

Po= initial weight    P1= weight after 30 days 

P2= weight after 60 days   P3= weight after 90 day 

3.5.2.5 Respiration rate (ml CO2/kg/hr) 

Respiration rate was measured with a CO2 gas analyzer (Make: Quantek 

Instruments, Model: 902 D Dual Trak) in static method. The bulbs were weighed and 

placed in a hermetically sealed container of 1325 ml capacity for 45 minutes. At the end 

of incubation period, gas sample was drawn from the head space using a gas tight 

syringe and injected into the CO2 gas analyzer. The time allowed for change in CO2 gas 

concentration in the head space of the sample container was recorded in hour. The 

respiration rate of the bulbs was calculated using the following formula and expressed 

as ml CO2/kg/hr.  

Respiration rate (%) =  
CO2 concentration x volume of container (ml) 

x 100 
100 x weight of the tissue (kg) x time (g)  

3.5.2.6 Moisture content (%) 

 Moisture content was determined using the moisture analyzer (Make: 

RADWAG Wagi Elektroniczne, Model: MAC 50) which gives the final moisture 

content in percentage. Randomly selected bulbs from each treatment were cut into small 

pieces with the help of stainless steel knife and a known weight of 2 g sample were kept 

for moisture analysis using moisture analyzer.  

3.5.2.7 Per cent dry matter  

 Bulbs were randomly selected from each treatment and cut into small pieces 

with the help of stainless steel knife. A known weight of the sample was dried in hot air 

oven at 55°C temperature till a constant weight was obtained. The per cent dry matter 

was calculated by the following formula. 
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Per cent dry matter (%) =  
Dry weight  

x 100 
Fresh weight  

 

3.5.2.8 Firmness of the bulb (N)  

Bulb firmness was recorded using TA-XT-Plus texture analyser (Stable Micro 

Systems, London, England). Using shearing probe (blade set. After removing the scales 

at two equatorial sites a 10 mm plunger tip was used to measure the bulb firmness. The 

force required to shear the bulb was recorded. Readings were expressed in Newton (N). 

Data was recorded initially and subsequently at monthly intervals till the end of 

experiment.  

3.5.2.9 Marketable bulbs (%) 

 At the end of each storage period (30, 60, 90 and 120 DAS), the rotten and 

sprouted bulbs were separated and the weight of healthy bulbs was recorded. The 

recovery of marketable bulbs was calculated by using the following formula. 

Marketable bulbs (%) =  
Wight of the healthy bulbs obtained  

x 100 
Initial weight of the bulbs  

 

3.5.3 Chemical parameters 

3.5.3.1 Total phenol content (mg/100g) 

 Total phenol in the sample was estimated as per the Folin ciocalteau reagent 

(FCR) method (Sadasivam and Manickam, 2005). A sample of 0.5g of fresh tissue was 

taken and ground in 10 ml of 80 per cent ethanol with the help of pestle and mortar. The 

solution was filtered using filter paper and the filtrate was allowed to evaporate. Then, 

to that filtrate, 5ml of distilled water is added. From that filtrate, 0.5 ml solution was 

taken in a test tube to which 2.5 ml of distilled water, 1 ml FCR reagent and 2 ml of 

sodium carbonate were added and boiled in water bath for 10 minutes. Then, the 

contents of the test tube were cooled and the absorbance was measured at 650 nm by 
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using spectrophotometer. The total phenol content was calculated with the help of 

standard graph and expressed in mg per g of fresh weight. 

3.5.3.2 Pyruvic acid (μmol/g) 

 Pyruvic acid present in the sample was estimated as per the procedure given by 

Ketter and Randle (1998). DNPH (2,4-dinitrophenylhydrazine) solution of 0.0125 per 

cent was prepared by dissolving 0.1625 g of wet DNPH powder in 1000 ml 2N HCl. 

One ml sample of diluted, filtered homogenate was added to 1 ml of a 0.0125 per cent 

solution of DNPH in a test tube. After keeping test tube for 15 min in a water bath at 

37˚C, 5 ml of 0.6 N NaOH was added and absorbance was measured using 

spectrophotometer at 420 nm. A graph was plotted from the standards prepared by 

sodium pyruvate and then the concentration of pyruvic acid present in the sample was 

calculated by using the following formula.  

µmoles of pyruvate/g tissue = µmoles/ml (read from standard curve) × Total dilution 

 3.5.3.3 Total soluble solids (TSS °B) 

 The juice extracted by squeezing the homogenized bulb scales through muslin 

cloth was used to measure the TSS. It was determined by using ERMA hand 

refractometer, replicated three times. 

3.5.4 Sensory evaluation  

 Sensory evaluation of bulbs was carried out by a panel of 6 semi-trained judges 

at monthly intervals from the beginning of storage up to 4 months. The sensory 

characters viz., skin color, texture, flavour and taste and overall acceptability were 

evaluated on a 9 point hedonic scale using the score card mentioned below. The mean of 

scores given by the judges were used for statistical analysis.  
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9 point 

hedonic 

scale 
Colour Texture 

Taste and 

flavour 

Overall 

acceptability 

 

 Scale 

Sample A      9 like extremely 

Sample B      8 like very much 

Sample C      7 like moderately 

Sample D      6 like slightly 

Sample E      5 neither like nor dislike 

Sample F      4 dislike slightly 

Sample G      3 dislike moderately 

Sample H      2 dislike very much 

Sample I      1 dislike extremely 

Sample J        

 

3.6 Stastical analysis 

Statistical analysis was perfomed using Web Agri Stat Package (WASP) version 

2.0 (Jangam and Thali, 2010). All the data collected were analysed by one way analysis 

of variance (ANOVA). Significant differences among means at p=0.05 were determined 

by post doc tests using Duncan multiple range test. 
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4. EXPERIMENTAL RESULTS 

 The present investigation entitled “Field application of salicylic acid, 

azoxystrobin and cycocel on shelf life of onion cv. Arka Kalyan” was conducted at 

College of Horticulture, Bagalkot (University of Horticultural Sciences, Bagalkot) 

during 2016-17. The bulbs imposed with various pre-harvest foliar sprays were stored 

under ambient conditions for 4 months. The behaviour of bulbs on various 

physiological, physico-chemical and organoleptic changes during storage was 

observed and recorded at monthly interval for up to 4 months. The results obtained 

from the investigation are presented in this chapter. 

4.1 Yield (t/ha), number of bulbs/kg and bulb diameter (mm) 

 The data on yield of onion bulb cv. Arka Kalyan as influenced by field application 

of salicylic acid (SA), azoxystrobin and CCC is presented in Table 1. The treatments 

resulted in slight significant differences for yield trait. Maximum yield was recorded 

in the treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 

0.1% at 60 + 90 DAT) (48.56 t/ha) and it was on par with the treatments T5 (48.31 

t/ha). Significantly minimum yield (44.24 t/ha) over all other treatments was observed 

in treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT). 

 The data presented on number of bulbs per kg of onion (var. Arka Kalyan) 

exhibited significant differences among the treatments (Table 1). Numerically 

maximum number of bulbs per kg (14.33) was obtained in the treatment T8 (Pre-

harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 

ppm 90 DAT) and it differed significantly with T5 (14.00), T6 (13.33), T7 (13.67) and 

T9 (13.00). In contrast, the treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) recorded minimum number of bulbs 

per kg (10.67). 

 Maximum bulb diameter of 58.62 mm was observed in the treatment T12 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM  
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Table 1: Effect of field application of salicylic acid, azoxystrobin and cycocel on     

yield (t/ha), number of bulbs/kg and bulb diameter (mm) of onion cv. 

Arka Kalyan 

 

 

Treatments 

 

Parameters 

Yield (t/h) Number of bulbs/kg Diameter (mm) 

T1 47.10
c
 11.00

e
 58.29

ab
 

T2 47.93
b
 11.33

e
 57.51

abc
 

T3 44.84
f
 11.67

cde
 57.05

abcd
 

T4 47.32
c
 11.33

cd
 57.97

abc
 

T5 48.31
ab

 14.00
a
 55.64

de
 

T6 45.52
e
 13.33

abc
 56.39

cde
 

T7 47.43
c
 13.67

ab
 56.51

cde
 

T8 48.07
b
 14.33

a
 55.15

e
 

T9 46.20
d
 13.00

abcd
 56.65

bcde
 

T10 48.10
b
 12.00

cde
 56.89

bcd
 

T11 48.56
a
 12.00

bcde
 57.02

abcd
 

T12 44.24
g
 10.67

e
 58.62

a
 

Mean 46.97 12.36 56.97 

S. Em± 0.14 0.68 0.56 

CD@5% 0.42 2.00 1.64 

  Note: Values with the same superscripts in same column are not significantly        

different by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT). In contrast, minimum bulb diameter noticed in the treatment T8 (Pre-harvest 

spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 

DAT) (55.15 mm).  

4.2 Physiological loss in weight (PLW %) 

 It is revealed from Table-2 that there exists a significant difference in PLW of 

onion bulbs at different storage interval as influenced by field application of salicylic 

acid, azoxystrobin and cycocel. Irrespective of treatments imposed, an increase in 

PLW of stored onion bulbs was noticed with mean values varying from 4.58 per cent 

to 21.85 per cent during storage period of 120 days. 

 After 30 days of storage, the treatment T11 (Pre-harvest spray of salicylic acid 

@ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) (3.80%) exhibited least PLW which was on par with treatments 

T6 (4.04%), T5 (4.28%), T9 (4.09%) and T2 (4.33%). On the other hand, treatment T1 

(Control) exhibited highest PLW (6.04%) and it was significantly followed by 

treatment T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT and foliar 

spray CCC 2500 ppm 90 DAT) (5.45%). 

 At 60 DAS, the treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (10.29%) continued to show least PLW followed significantly by treatments T9 

(10.40%) and T6 (10.99%). However, the treatment T1 (Control) continued to record 

significantly maximum PLW (15.28%) over all the treatments. 

 The same trend maintained at 90 DAS with the treatment T11 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by CCC 2500 ppm foliar spray 90 DAT) (14.10%) remaining effective with 

significantly minimum PLW over all other treatments. But, significantly higher PLW 

was observed in treatment T1 (Control) (21.29%). 

 Even after 120 DAS, the treatment T11 (Pre-harvest spray of salicylic acid @ 2 

mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar  
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Table 2: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

PLW (physiological loss in weight %) of onion cv. Arka Kalyan 

 

 

Treatments 

 

PLW (%) 

Mean Storage (Days) 

30 60 90 120 

T1 6.04
a
 15.28

a
 21.29

a
 26.15

a
 17.19 

T2 4.33
de

 12.54
bcd

 17.21
c
 21.01

d
 13.76 

T3 4.41
cd

 11.37
 def

 15.72
e
 20.23

e
 12.93 

T4 5.01
bc

 13.41
b
 18.23

b
 24.08

b
 15.18 

T5 4.28
de

 12.08
bcde

 16.33
d
 20.13

e
 13.09 

T6 4.04
de

 10.99
ef

 15.14
e
 19.55

e
 12.43 

T7 4.61
cd

 11.68
cdef

 17.28
c
 24.41

b
 14.49 

T8 4.45
cd

 11.97
bcde

 16.71
cd

 23.12
c
 14.06 

T9 4.09
de

 10.40
f
 16.35

d
 22.77

c
 13.40 

T10 5.45
ab

 12.96
bc

 17.18
c
 23.09

c
 14.67 

T11 3.80
e
 10.29

f
 14.10

f
 17.76

f
 11.62 

T12 4.49
cd

 12.00
bcde

 15.11
 e
 19.93

e
 12.88 

Mean 4.58 12.08 16.72 21.85 13.81 

S. Em± 0.20 0.48 0.20 0.26 0.29 

CD@5% 0.60 1.45 0.61 0.75 0.85 

        

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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spray 90 DAT) showed the least PLW (17.76%) and treatment T1 (Control) exhibited 

higher PLW (26.15%). These two treatments differed significantly over rest of the 

treatments. 

4.3 Respiration rate (ml CO2/kg/h) 

 Data pertaining to respiration rate of onion cv. Arka Kalyan as influenced by 

field application of SA, azoxystrobin and CCC during prolonged storage of 120 days 

is presented in the Table 3. Respiration rate of the onion bulbs increased over the 

storage period and it is clearly seen from the table mean which ranges between 12.55 

ml CO2/kg/h and 20.02 ml CO2/kg/h. The significant differences were noticed among 

the treatments. 

 Initially slight difference in rate of respiration was observed among the stored 

onion bulbs and least respiration was exhibited by the treatment T9 (Seedling dip in 

salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) 

(11.25 ml CO2/kg/h) which was on par with treatments T6 (11.52 ml CO2/kg/h), T8 

(11.53 ml/CO2/kg/h), T5 (11.64 ml CO2/kg/h) and T3 (12.02 ml CO2/kg/h). On 

contrary, significantly increased rate of respiration was noticed in treatment T1 

(Control) (14.81 ml CO2/kg/h) followed non-significantly by T4 (13.74 ml CO2/kg/h). 

 After 30 days of storage, the treatment T6 (Seedling dip in salicylic acid @ 2 

mM + Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) showed reduced respiration rate (12.22 ml 

CO2/kg/h) which was found to be on par with the treatment T9 (12.44 ml CO2/kg/h) 

and T5 (12.81 ml/CO2/kg/h). However, the treatment T1 (control) (16.67 ml CO2/kg/h) 

showed significantly higher rate of respiration over all other treatments. 

 At 60 days of storage, the treatment T2 (Pre-harvest spray of salicylic acid @ 2 

mM at 60 + 90 DAT) (15.07 ml CO2/kg/h) was found to record significantly minimum 

respiration rate and it was on par with the treatments T9 (15.21 ml CO2/kg/h), T3 

(15.30 ml CO2/kg/h), T11 (15.95 ml CO2/kg/h), T6 (16.29 ml CO2/kg/h) and T8 (16.64 

ml CO2/kg/h). The enhanced rate of respiration on the other hand, was noticed in 

treatment T1 (Control) (20.25 ml CO2/kg/h) followed non-significantly by T4 (18.99 

ml CO2/kg/h), T12 (17.93 ml CO2/kg/h) and. T10 (17.78 ml CO2/kg/h). 
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Table 3: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

respiration rate (ml CO2/kg/h) of onion (cv.Arka Kalyan) stored under 

ambient condition 

 

 

Treatments 

 

Respiration rate (ml CO2/kg/h) 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 14.81
a
 16.67

a
 20.25

a
 21.84

a
 23.14

a
 19.34 

T2 12.90
cd

 13.60
efg

 15.07
f
 17.90

ef
 19.29

efg
 15.75 

T3 12.02
ef

 13.18
fgh

 15.30
f
 17.22

gh
 18.74

fg
 15.29 

T4 13.74
b
 15.40

b
 18.99

ab
 19.50

b
 21.47

b
 17.82 

T5 11.64
ef

 12.81
ghi

 17.30
cde

 17.96
ef

 18.65
fg

 15.67 

T6 11.52
ef

 12.22
i
 16.29

def
 17.64

fg
 19.18

efg
 15.37 

T7 12.83
cd

 14.77
bc

 17.39
cde

 19.31
b
 20.81

bc
 17.05 

T8 11.53
ef

 13.78
def

 16.64
cdef

 18.40
de

 20.65
bcd

 16.20 

T9 11.25
f
 12.44

hi
 15.21

f
 18.09

ef
 19.92

cde
 15.38 

T10 13.17
bc

 14.29
cde

 17.78
bcd

 19.01
bc

 20.44
bcd

 16.93 

T11 12.30
de

 13.45
efg

 15.95
ef

 16.80
h
 18.35

g
 15.37 

T12 12.90
cd

 14.65
bcd

 17.93
bc

 18.74
cd

 19.62
def

 16.75 

Mean 12.55 13.95 17.00 18.53 20.02 16.41 

S. Em± 0.27 0.30 0.54 0.18 0.36 0.33 

CD@5% 0.81 0.90 1.59 0.54 1.10 0.99 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 At the end of storage for 90 days, the least respiration was noticed in treatment 

T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT followed by CCC 2500 ppm foliar spray 90 DAT) (16.80 ml CO2/kg/h) and it 

was on par with treatment T3 (17.22 ml/CO2/kg/h). The treatment T1 (Control) (21.84 

ml CO2/kg/h) continued to show increase in the rate of respiration. 

 With the advancement in the storage up to 120 days, a significantly low 

respiration was noticed in treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM 

and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (18.35 ml CO2/kg/h) followed by T5 (18.65 ml CO2/kg/h), T3 (18.74 ml 

CO2/kg/h), T6 (19.18 ml CO2/kg/h) and T2 (Pre-harvest spray of salicylic acid @ 2 mM 

at 60 + 90 DAT) (19.29 ml CO2/kg/h). The treatment T1 (Control) (23.14 ml 

CO2/kg/h) was found continuously showing high rate of respiration. 

4.4 Sprouting (%) 

 The data given in Table-4 represents the sprouting of onion cv. Arka Kalyan 

during storage period of 120 days as influenced by field application of salicylic acid, 

azoxystrobin and cycocel. In all the treatments, sprouting increased with increase in 

the storage period and significant differences were noticed among the treatments at all 

the stages of storage. 

 In the first 30 days of storage, the treatment T12 (Seedling dip in SA @ 2 mM + 

pre-harvest spray of SA @ 2mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by cycocel 2500 ppm foliar spray at 90 DAT) was seen effective in controlling 

sprouting (1.16%) followed by the treatment T11 (1.42%). On the contrary, treatment 

T1 (Control) (3.94%) exhibited significantly maximum sprouting. 

 After 60 DAS the treatment T12 (Seedling dip in SA @ 2 mM + pre-harvest 

spray of SA @ 2mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by cycocel 

2500 ppm foliar spray at 90 DAT) recorded significantly minimum sprouting (1.93%) 

and was on par with the treatments T11 (2.47%) and T6 (2.72%). However, maximum 

sprouting was noticed in the onions of treatment T7 (pre-harvest spray of CCC 2500 

ppm at 90 DAT) (5.99%) which was on par with treatment T1 (control) (5.92%). 
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Table 4: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

sprouting (%) of onion cv. Arka Kalyan 

 

 

Treatments 

 

Sprouting (%) 

Mean Storage (Days) 

30 60 90 120 

T1 3.94
a
 5.92

a
 9.43

a
 10.93

a
 7.56 

T2 2.62
d
 3.78

bc
 5.11

d
 7.10

c
 4.65 

T3 2.38
d
 3.48

cd
 4.62

e
 7.07

c
 4.39 

T4 1.91
e
 3.08

cde
 4.47

ef
 5.84

d
 3.83 

T5 1.68
ef

 2.91
cde

 4.23
fg

 5.37
d
 3.55 

T6 1.72
ef

 2.72
def

 4.00
gh

 5.70
d
 3.65 

T7 3.48
b
 5.99

a
 7.63

b
 9.12

b
 6.56 

T8 3.39
bc

 4.50
b
 7.33

c
 8.32

b
 5.89 

T9 1.82
e
 2.90

cde
 3.84

h
 5.30

d
 3.47 

T10 3.03
c
 4.47

b
 5.22

d
 6.91

c
 4.91 

T11 1.42
fg

 2.47
ef

 3.07
i
 4.32

e
 2.82 

T12 1.16
g
 1.93

f
 2.63

j
 3.30

f
 2.26 

Mean 2.38 3.68 5.13 6.61 4.45 

S. Em± 0.13 0.31 0.09 0.30 0.21 

CD@5% 0.39 0.92 0.28 0.91 0.63 

 

Note: Values with the same superscripts in same column are not significantly  

          different by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 At 90 days after storage, the treatment T12 (Seedling dip in salicylic acid @ 2 

mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 

90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) recorded minimum 

sprouting (2.63%), whereas the treatment T1 (control) exhibited pronounced sprouting 

(9.43%).  

 At the end of 120 DAS, least sprouting was observed in the treatment T12 

(Seedling dip in SA @ 2 mM + pre-harvest spray of SA @ 2mM and azoxystrobin @ 

0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray at 90 DAT) (3.30%) 

and it differed significantly over rest of the treatments. The treatment T1 (control) 

continued to show maximum sprouting (10.93%). 

4.5 Rotting (%) 

 The data depicting the influence of field application of salicylic acid, azoxystrobin 

and cycocel on rotting of onion cv. Arka Kalyan is presented in the Table 5. 

Irrespective of treatments, loss of bulbs due to rotting increased with an increase in 

storage duration. This is witnessed from the mean per cent rotting which varied from 

1.33 per cent to 5.21 per cent. The observations showed significant differences among 

the treatments. 

  In the first 30 DAS, the treatment T5 (Pre-harvest spray of SA @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT) (0.72%) with minimum rotting was found to 

be on par treatments T4 (1.14%), T8 (0.80%), T10 (1.08%) and T11 (0.96%). On 

contrary, maximum rotting was noticed in treatment T1 (Control) (2.58%). 

 At 60 DAS, the treatment T5 (Pre-harvest spray of SA @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT) with least rotting of about 1.39 per cent was on 

par with the treatments T11 (1.51%) and T8 (1.78%). The treatment T1 (Control) 

continued show increased rotting (4.79%) and it differed significantly over all other 

treatments.  

 At 90 days, the treatment T5 (Pre-harvest spray of SA @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT) (2.33%) had minimum rotting percentage and 
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Table 5: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

rotting (%) of onion cv. Arka Kalyan 

 

Treatments 

Rotting (%) 

Mean Storage (Days) 

30 60 90 120 

T1 2.58
a
 4.79

a
 8.30

a
 12.69

a
 7.09 

T2 1.41
bc

 2.84
cd

 4.11
c
 5.12

cd
 3.37 

T3 1.58
b
 3.31

bc
 4.04

c
 5.32

c
 3.56 

T4 1.14
cde

 2.16
ef

 3.01
e
 4.04

f
 2.59 

T5 0.72
e
 1.39

h
 2.33

f
 3.05

g
 1.87 

T6 1.48
bc

 2.52
de

 3.96
c
 5.41

c
 3.34 

T7 1.32
bcd

 2.76
cd

 3.82
cd

 4.32
ef

 3.06 

T8 0.80
e
 1.78

fgh
 2.51

f
 3.40

g
 2.12 

T9 1.25
bcd

 2.45
de

 3.47
d
 4.73

de
 2.98 

T10 1.08
cde

 2.00
efg

 3.08
e
 3.99

f
 2.54 

T11 0.96
de

 1.51
gh

 2.41
f
 3.39

g
 2.07 

T12 1.64
b
 3.62

b
 5.15

b
 7.03

b
 4.36 

Mean 1.33 2.60 3.85 5.21 3.25 

S. Em± 0.14 0.19 0.12 0.17 0.15 

CD@5% 0.44 0.57 0.38 0.53 0.63 

 

Note: Values with the same superscripts in same column are not significantly  

          different by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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showed significant difference with T11 (2.41%) and T8 (2.51%). In contrast, the 

treatment T1 (Control) continued to have more rotting (8.30%) and it was significantly 

higher than rest of the treatments. This was closely followed by treatment T12 (5.15%). 

 At the end of 120 days of storage, lower rotting was continued to be seen in 

treatment T5 (Pre-harvest spray of SA @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT) (3.05%), which was statistically on par with treatments T11 (3.39%) and T8 

(3.40%). Significantly higher rotting was noticed in treatments T1 (Control) (12.69%) 

and it was followed by T12 (7.03%). 

4.6 Black mould incidence (%) 

 It is visible from the results given in Table-6 that the per cent loss of bulbs due 

to black mould (Aspergillus niger) incidence increased with advancement in storage 

period. The treatments showed significant differences among themselves. 

 At 30 DAS, least incidence of black mould was observed in treatment T12 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM 

and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (0.50%) which was found on par with the treatments T6 (0.52%), T11 (0.55%), 

T5 (0.57%), T10 (0.65%), T8 (0.73%) and T4 (0.83%). On contrary, the treatment T1 

(Control) (1.25%) exhibited maximum incidence of black mould. But it was found 

statistically on par with T2 (0.89%), T3 (0.92%) and T7 (0.94%). 

 At 60 DAS the treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (1.07%) exhibited least incidence of 

black mould followed by T11 (1.27%). On the other hand, the treatment T1 (control) 

(3.87%) possessed significantly higher incidence of the disease than all other 

treatments. 

 After 90 DAS, the treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (2.00%) recorded minimum  
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Table 6: Effect of field application of salicylic acid, azoxystrobin and cycocel on               

black mould (%) of onion bulbs (cv.Arka Kalyan) stored under ambient 

condition 

 

Treatments 

Black mould (%) 

Mean Storage (Days) 

30 60 90 120 

T1 1.25
a
 3.87

a
 4.93

a
 6.67

a
 4.18 

T2 0.89
abc

 2.82
c
 3.70

cd
 4.73

d
 3.03 

T3 0.92
abc

 1.78
e
 3.87

cd
 4.93

cd
 2.87 

T4 0.83
bcd

 1.40
fg

 2.47
ef

 3.52
e
 2.05 

T5 0.57
bcd

 1.83
e
 2.73

e
 3.50

e
 2.16 

T6 0.52
d
 2.15

d
 3.47

d
 4.80

cd
 2.73 

T7 0.94
ab

 3.27
b
 4.53

ab
 5.57

b
 3.58 

T8 0.73
bcd

 3.12
bc

 4.60
ab

 5.33
bc

 3.45 

T9 0.72
bcd

 3.00
bc

 4.13
bc

 5.10
bcd

 3.24 

T10 0.65
bcd

 1.71
ef

 2.43
ef

 3.27
ef

 2.01 

T11 0.55
cd

 1.27
h
  2.17

f
 3.17

ef
 1.74 

T12 0.50
d
 1.07

gh
 2.00

f
 2.77

f
 1.63 

Mean 0.75 2.27 3.42 4.45 2.72 

S. Em± 0.12 0.10 0.18 0.19 0.15 

CD@5% 0.37 0.31 0.53 0.56 0.44 

 

   Note: Values with the same superscripts in same column are not significantly 

different by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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incidence of black mould and it was on par with the treatments T11 (2.17%) and T10 

(2.43%). However, T1 (Control) (4.93%) continued to express maximum incidence of 

the same. But it showed non-significant differences with T7 (4.53%) and T8 (4.60%).  

 At the end of 120 days of storage, the treatment T12 (Seedling dip in salicylic 

acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (2.77%) showed its 

effectiveness with minimum incidence of the disease and it was on par with treatment 

T11 (3.17%), and T10 (3.27%). However, the treatment T1 (Control) possessed 

significantly maximum disease incidence of 6.67 per cent. 

4.7 Marketable bulbs (%) 

 The mean per cent marketable bulbs decreased in all the treatments and it is 

evidenced from the mean values (92.42 per cent at 30 DAS to 69.51 per cent at 120 

DAS). The pre-harvest treatments recorded significant differences with respect to 

percentage of marketable bulbs throughout the storage period (Table-7).  

 After 30 DAS, the treatment T5 (Pre-harvest spray of salicylic acid @ 2 mM 

and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) recorded maximum marketable bulbs of 94.49 per cent and it was found to be 

statistically on par with the treatment T11 (94.32%). However, the treatment T1 

(Control) resulted in significantly minimum (90.00%) over all other treatments. 

 At 60 DAS, the treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (85.73%) exhibited maximum per cent marketable bulbs followed by T9 

(84.90%), T8 (84.75%) and T6 (84.67%). On the other hand, the treatment T1 (control) 

showed least per cent of marketable bulbs (74.27%). 

 After 90 DAS, treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (84.41%) recorded significantly maximum per cent of marketable bulbs. The 

treatment T1 (Control) (63.65%) resulted in minimum per cent marketable bulbs and it 

differed significantly over all other treatments. 
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Table 7: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

marketable bulb (%) of onion bulbs (cv. Arka Kalyan) stored under 

ambient condition 

 

 

Treatments 

 

Marketable bulb (%) 

Mean Storage (Days) 

30 60 90 120 

T1 90.00
h
 74.27

e
 63.65

i
 53.51

h
 70.36 

T2 92.34
cde

 81.95
cd

 73.59
h
 70.55

e
 79.61 

T3 92.13
de

 82.62
cd

 74.85
g
 70.79

e
 80.10 

T4 92.38
cde

 82.60
cd

 76.46
f
 70.54

e
 80.39 

T5 94.49
a
 83.64

bc
 81.58

bc
 74.36

b
 83.52 

T6 93.19
bc

 84.67
ab

 79.46
d
 72.12

cd
 82.36 

T7 91.19
fg

 81.33
d
 77.93

e
 65.40

g
 78.96 

T8 92.00 84.75
ab

 79.51
d
 67.69

f
 80.97 

T9 93.26
 b
 84.90

ab
 82.54

b
 70.93

de
 82.91 

T10 90.72 81.54
d
 78.07

e
 68.57

f
 79.73 

T11 94.32
a
 85.73

a
 84.41

a
 77.04

a
 85.54 

T12 93.00
bcd

 83.14
bcd

 80.54
cd

 72.61
c
 82.32 

Mean 92.42 82.59 77.72 69.51 80.56 

S. Em± 0.30 0.65 0.38 0.41 0.44 

CD@5% 0.88 1.92 1.14 1.21 1.29 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 At 120 days after storage, the treatment T11 (Pre-harvest spray of salicylic acid 

@ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) maintained significantly maximum (77.04%) marketable bulbs, 

whereas the least per cent marketable bulbs of 53.51 per cent was noticed in T1 

(Control).  

4.8 Moisture content (%) 

 The data depicted in the Table 8 revealed decrease in moisture content of 

onion bulbs with advancement in the storage period. The mean moisture content, 

irrespective of treatments, decreased gradually from 84.71 per cent at initially to 80.35 

per cent at 120 DAS. 

 Initially and at 30 DAS, non-significant differences were observed among the 

treatments. However, minimum moisture content was noticed in treatment T4 (Pre-

harvest spray of azoxystrobin @ 0.1% at 60 + 90 DAT) both in the beginning 

(84.16%) and at 30 DAS (82.83%). Maximum moisture content was exhibited by 

treatment T1 (Control) (85.70%) initially and by the treatment T12 (Seedling dip in 

salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin 

@ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (84.01%) 

at 30 DAS.  

 With progress in storage up to 60 days, the treatment T4 (Pre-harvest spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) showed significantly minimum moisture 

(81.52%). The treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by CCC 2500 ppm foliar spray 90 DAT) continued to have maximum moisture 

content (82.99%). 

 At 90 days, the treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 

+ 90 DAT) (80.65%) showed significantly least moisture content. On contrary, the 

treatment T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 DAT) 

exhibited maximum moisture (81.91%) and it was on par with treatments T8 (81.67%), 

T9 (81.65%), T2 (81.63%), T3 (81.84%), T11 (81.72%) and T12 (81.63%).  



 

72 

Table 8: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

moisture content (%) of onion cv. Arka Kalyan stored under ambient 

condition 

 

 

Treatments 

 

Moisture content (%) 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 85.70 83.94 82.47
bc

 81.31
d
 80.28

c
 82.74 

T2 84.44 82.85 82.07
c
 81.63

abc
 80.65

abc
 82.33 

T3 84.55 83.74 82.82
ab

 81.84
ab

 80.81
ab

 82.75 

T4 84.16 82.83 81.52
d
 80.65

e
 78.85

d
 81.60 

T5 84.43 83.72 82.77
ab

 81.68
abc

 80.28
c
 82.58 

T6 84.27 83.60 82.72
ab

 81.91
a
 80.85

a
 82.67 

T7 85.15 83.21 82.69
ab

 81.4
cd

 80.26
c
 82.56 

T8 84.62 83.52 82.38
bc

 81.67
abc

 80.46
abc

 82.53 

T9 84.23 83.33 82.43
bc

 81.65
abc

 80.40
abc

 82.41 

T10 84.99 83.15 82.06
c
 81.54

bcd
 80.37

bc
 82.42 

T11 84.47 83.45 82.75
ab

 81.72
abc

 80.69
abc

 82.61 

T12 85.48 84.01 82.99
a
 81.63

abc
 80.29

c
 82.88 

Mean 84.71 83.45 82.47 81.56 80.35 82.51 

S. Em± 0.53 0.35 0.15 0.10 0.15 0.26 

CD@5% NS NS 0.45 0.31 0.47 0.25 

 

Note: Values with the same superscripts in same column are not significantly     

different by  Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 At the end of 120 days of storage study, least moisture content was noticed in 

treatment T4 (Pre harvest spray of azoxystrobin @ 0.1% at 60 + 90 DAT) (78.85%). 

However, maximum moisture observed in treatment T6 (Seedling dip in salicylic acid 

@ 2mM + Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) (80.85%) did not differ significantly with T2 

(80.65%), T3 (80.81%), T8 (80.46%), T9 (80.40%) and T11 (80.69%). 

4.9 Dry matter content (%) 

 In general, dry matter content of onion bulbs increased as the storage duration 

progressed in all the treatments (Table 9). At the beginning of storage, higher dry 

matter was observed in treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 

+ 90 DAT) (15.83%) and the treatment T4 was found to be non-significantly differing 

with by T9 (15.66%), T6 (15.61%), T2 (15.55%) and T5 (15.51%). The least dry matter 

content was observed in the treatment T1 (Control) (14.30%). 

 After 30, 60, 90 and 120 days of storage, maximum dry matter content was 

recorded in the treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 + 90 

DAT) (17.09%, 18.45%, 19.35% and 21.16% respectively). The treatment T4 was on 

par with treatments T9 (16.70%), T7 (16.69%), T2 (16.63%), T10 (16.55%), T11 

(16.54%), T8 (16.49%), T6 (16.47%) at the end of 30 days. However, there were no 

significant differences among the treatments at 60 days of storage. 

 The treatment T1 (Control) (15.52%) followed by treatment T12 (15.74%) 

showed minimum dry matter content at 30 days. After 60 DAS, treatment T12 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM 

and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (16.82%) followed by T1 (Control) (16.86%) exhibited least dry matter content. 

Minimum dry matter content was noticed in T6 (Seedling dip in salicylic acid @ 2 

mM + Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) (18.13%) after 90 days of storage. The least 

 



 

74 

Table 9: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

dry matter (%) of onion bulbs (cv.Arka Kalyan) stored under ambient 

condition 

 

 

Treatments 

 

Dry matter (%) 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 14.30
d
 15.52

d
 16.86 18.61

bc
 19.72

bc
 17.00 

T2 15.55
a
 16.63

ab
 17.61 18.37

d
 19.31

d
 17.49 

T3 15.40
ab

 16.35
bc

 17.07 18.16
e
 19.20

d
 17.24 

T4 15.83
a
 17.09

a
 18.45 19.35

a
 21.16

a
 18.38 

T5 15.51
ab

 16.29
bc

 17.23 18.41
d
 19.69

bc
 17.52 

T6 15.61
a
 16.47

ab
 17.51 18.13

e
 19.15

d
 17.37 

T7 14.77
cd

 16.69
ab

 17.32 18.60
bc

 19.74
b
 17.42 

T8 15.34
ab

 16.49
ab

 17.61 18.42
 d
 19.54

c
 17.48 

T9 15.66
a
 16.70

ab
 17.60 18.65

bc
 19.60

bc
 17.59 

T10 15.01
ab

 16.55
ab

 17.94 18.46
de

 19.61
bc

 17.47 

T11 15.53
a
 16.54

ab
 17.25 18.28

d
 19.29

d
 17.38 

T12 14.53
cd

 15.74
cd

 16.82 18.37
b
 19.63

bc
 17.02 

Mean 15.25 16.42 17.44 18.48 19.64 17.45 

S. Em± 0.17 0.24 0.64 0.07 0.06 0.23 

CD@5% 0.50 0.72 NS 0.18 0.18 0.32 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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dry matter at the end of 120 days of storage was recorded by the treatment T6 

(19.15%) which is on par with the treatments T2 (19.31%), T3 (19.20%), and T11 

(19.29 %).  

4.10 Bulb firmness (N) 

 In general, firmness of onion bulbs was found to decrease as the storage 

duration progressed in all the treatments (Table 10).  

 Initially the treatments did not show significant differences for firmness. 

Nevertheless, the maximum firmness was recorded in the treatment T11 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by CCC 2500 ppm foliar spray 90 DAT) (128.08 N) and the lower firmness was 

recorded in treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 + 90 DAT) 

(123.89 N) and T7 (Pre-harvest spray of CCC 2500 ppm at 90 DAT) (124.39 N). 

 Even after 30 days of storage, onions of the treatment T11 (Pre-harvest spray of 

salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT) (126.31 N) were found to be more firmer. But they 

were on par with that of T12 (125.41 N), T9 (125.00 N), T3 (124.15 N), T2 (123.44 N), 

T6 (124.05 N) and T8 (122.92 N). On contrary, minimum firmness elucidated by 

treatment T1 (Control) (120.09 N).  

 Significantly maximum firmness at 60 days after storage was recorded in 

treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (124.17 N) which 

was on par with T12 (123.85 N). More loss of firmness was noticed in treatment T1 

(Control) (117.09 N) followed by T4 (118.79 N) and T7 (119.45N) 

 With further progress in storage for 90 days, the treatment T11 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by CCC 2500 ppm foliar spray 90 DAT) (121.83 N) recorded maximum firmness 

followed by treatment T9 (120.67 N), T12 (120.13 N) and T6 (119.92 N). Onions of the 

treatment T1 (Control) were found to have significantly lower firmness (114.26N). 
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Table 10: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

firmness (N) of onion bulbs (cv.Arka Kalyan) stored under ambient 

condition 

 

 

Treatments 

 

 Bulb firmness(N) 

Mean  Storage (Days) 

Initial 30 60 90 120 

T1 125.21 120.09
c
 117.09

i
 114.26

g
 110.62

c
 117.45 

T2 126.66 123.44
abc

 121.74
de

 119.27
bcde

 116.74
ab

 121.57 

T3 126.66 124.15
ab

 121.38
de

 118.41
cdef

 115.84
ab

 121.29 

T4 123.89 120.37
c
 118.79

h
 117.19

f
 113.95

bc
 118.84 

T5 125.92 122.54
bc

 120.90
ef

 119.00
bcdef

 117.08
ab

 121.09 

T6 126.16 124.05
ab

 122.34
cd

 119.92
abcd

 116.72
ab

 121.84 

T7 124.39 122.37
bc

 119.45
gh

 117.36
ef

 115.63
ab

 119.84 

T8 124.68 122.92
abc

 121.23
ef

 117.85
def

 113.43
bc

 120.02 

T9 127.94 125.00
ab

 123.10
bc

 120.67
ab

 117.31
ab

 122.80 

T10 128.05 122.55
bc

 120.22
fg

 118.45
cdef

 115.51
ab

 120.96 

T11 128.08 126.31
a
 124.17

a
 121.83

a
 119.52

a
 123.98 

T12 127.53 125.41
ab

 123.85
ab

 120.13
abc

 116.68
ab

 122.72 

Mean 126.26 123.27 121.19 118.69 115.75 121.03 

S. Em± 1.76 1.21 0.34 0.70 1.47 1.10 

CD@5% NS 3.58 1.03 2.07 4.34 2.20 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 At the end of 120 days of storage, higher firmness was noticed with the 

treatment T11 (Pre-harvest spray of salicylic acid-2mM at 60 + 90 DAT) (119.52 N). 

This treatment T11 was on par with the treatments T9 (117.31N), T5 (117.08 N), T2 

(116.74 N), T6 (116.72 N), T12 (116.68 N), T3 (115.84 N), T7 (115.63 N) and T10 

(115.51 N). Significantly minimum firmness recorded consecutively by control onions 

(T1) (110.62 N) was, however, statistically on par with T4 (113.95 N) and T8 (113.43 

N). 

4.11 Total soluble solids (°B)  

 The data depicting the influence of field application of salicylic acid, 

azoxystrobin and cycocel on TSS of onion cv. Arka Kalyan during storage under 

ambient condition are given in Table 11. In general, the TSS content increased 

initially during storage and then declined with progress of senescence.  

 Fresh onion bulbs after harvest and before storage revealed a non-significant 

difference among the treatments for TSS. However, maximum TSS was noticed in 

treatment T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 

60 + 90 DAT) (13.8
o
B) followed by T10 (13.73

o
B), T4 (13.70

o
B) and T12 (13.70

 o
B). 

On contrary, the least TSS was recorded by the treatment T1 (Control) (13.07
 o

B) 

followed by T6 (13.10
o
B) 

 After 30 days of storage, highest TSS was noticed in the treatment T11 (Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (14.73
o
B) and it did not differ 

significantly with T5 (14.30
 o

B), T10 (14.47
 o

B) and T12 (14.43
 o

B). The least TSS 

recorded in the treatment T1 (Control) (13.63
o
B) was on par with T2 (13.76

o
B), T3 

(13.82 
o
B), T6 (13.80

o
B), T8 (13.90

o
B) and T9 (13.80

o
B). 

 At 60 DAS also, maximum TSS was noticed in the treatment T11 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed 

by CCC 2500 ppm foliar spray 90 DAT) (15.24
 o

B) and it was on par with T10 (14.89
 

o
B) and T12 (14.82

o
B). The treatment T2 continued to show the least TSS (14.06

o
B) 

and remained stastically similar to T1 (14.17
 o
B), T3 (14.30

 o
B), and T6 (14.52

 o
B). 
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Table 11: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

total soluble solids (TSS
o
B) of onion bulbs (cv. Arka Kalyan) stored 

under ambient condition 

 

 

Treatments 

 

TSS (
o
B) 

 

Mean 
Storage (Days) 

Initial 30 60 90 120 

T1 13.07 13.63
e
 14.17

ef
 14.86

ef
 14.31

d
 14.23 

T2 13.47 13.76
e
 14.06

f
 14.60

f
 14.30

d
 14.22 

T3 13.37 13.82
de

 14.30
def

 14.83
ef

 14.37
cd

 14.26 

T4 13.70 14.23
bcd

 15.00
ab

 15.53
ab

 14.70
ab

 14.88 

T5 13.80 14.30
abc

 14.73
bcd

 15.18
bcde

 14.62
abc

 14.75 

T6 13.10 13.80
de

 14.52
cdef

 15.07
cde

 14.58
bcd

 14.43 

T7 13.43 14.20
bcd

 14.83
abc

 15.56
ab

 14.64
abc

 14.83 

T8 13.63 13.90
cde

 14.53
cde

 15.03
def

 14.53
bcd

 14.54 

T9 13.50 13.80
de

 13.33
g
 14.08

g
 13.93

e
 13.93 

T10 13.73 14.47
ab

 14.89
abc

 15.49
abc

 14.69
ab

 14.91 

T11 13.67 14.73
a
 15.24

a
 15.76

a
 14.89

a
 15.14 

T12 13.70 14.43
ab

 14.82
abc

 15.45
abcd

 14.74
ab

 14.93 

Mean 13.51 14.09 14.54 15.12 14.52 14.37 

S. Em± 0.15 0.14 0.15 0.15 0.09 0.14 

CD@5% NS 0.44 0.47 0.45 0.30 0.41 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 With advancement in storage up to 90 days, highest TSS was recorded in 

treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (15.76
o
B) and it 

was statistically similar to treatment T12 (15.45
 o

B), T10 (15.49
 o

B), T7 (15.56
 o

B) and 

T4 (15.53 
o
B). Minimum TSS was observed in the treatment T9 (14.08

o
B).  

 At the end of 120 days of storage, a slight decrease in TSS was noticed. The 

treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) retained maximum 

TSS (14.89
o
B). However, the least TSS was recorded in T1 (Control) (14.31

o
B). 

4.12 Total phenol content (mg/100 g) 

 The observations on total phenol content of onion bulbs as influenced by 

different pre harvest sprays during storage under ambient condition are presented in 

Table 12. The data revealed the presence of significant differences among the 

treatments with respect to total phenol content. In general, the total phenol content 

decreased as the storage period progressed. 

 Initially, bulbs of the treatment T6 (Seedling dip in salicylic acid @ 2 mM + 

Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray of azoxystrobin 

@ 0.1% at 60 + 90 DAT) recorded significantly maximum total phenol content (15.80 

mg/100 g) which was on par with treatment T5 (15.60 mg/100 g). On the other hand, 

significantly minimum phenol content was observed in T1 (Control) (11.67 mg/100 g). 

 After 30 days of storage under ambient condition, the total phenol content was 

found maximum in the treatment T6 (14.33 mg/100 g) which was on par with the 

treatment T5 (14.10 mg/100 g). On the contrary, minimum total phenol noted in 

treatment T1 (Control) (10.80 mg/100 g).  

 At the end of 60 days of storage, the same treatment (T6) (13.77 mg/100 g) 

showed significantly higher levels of phenols. However, minimum total phenol 

content was again associated with T1 (Control) (10.33 mg/100 g). 

 With further progress in storage (after 90 days), significantly maximum 

content of total phenol was found in the treatment T6 (12.90 mg/100 g), whereas  
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Table 12: Effect of on field application of salicylic acid, azoxystrobin and cycocel on 

total phenol (mg/100g) of onion bulbs (cv. Arka Kalyan) stored under 

ambient condition 

 

 

 

Treatments 

 

Total phenol (mg/100g) 
 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 11.67
i
 10.80

f
 10.33

g
 9.37

f
 8.27

e
 10.09 

T2 13.20
ef

 12.67
bc

 11.60
ef

 10.63
de

 9.70
cd

 11.56 

T3 13.47
cde

 12.83
bc

 11.82
cde

 10.80
d
 9.83

c
 11.75 

T4 13.55
cd

 12.90
bc

 11.53
f
 10.77

d
 9.77

c
 11.70 

T5 15.60
a
 14.10

a
 13.70

a
 12.67

a
 11.63

a
 13.54 

T6 15.80
a
 14.33

a
 13.77

a
 12.90

a
 11.83

a
 13.73 

T7 12.37
h
 11.53

e
 10.47

g
 9.30

f
 7.87

f
 10.31 

T8 13.13
f
 12.10

d
 11.60

ef
 10.40

 e
 9.43

d
 11.33 

T9 12.80
g
 12.57

c
 11.70

def
 10.77

 e
 9.73

cd
 11.51 

T10 13.38
def

 12.80
bc

 12.00
c
 11.13

c
 10.27

b
 11.92 

T11 13.73
c
 13.00

b
 12.80

b
 11.57

 b
 10.57

b
 12.33 

T12 14.18
b
 12.83

bc
 11.90

cd
 11.37

bc
 10.33

b
 12.12 

Mean 13.57 12.71 11.93 10.97 9.94 11.82 

S. Em± 0.10 0.12 0.05 0.10 0.11 0.10 

CD@5% 0.31 0.38 0.24 0.29 0.32 0.31 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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minimum total phenols content was associated with the treatment T1 (Control) (9.37 

mg/100 g). 

 Even after the end of 120 DAS, the treatment T6 was found to retain maximum 

phenolic content (11.83 mg/100 g). However treatment T1 (Control) (8.27 mg/100 g) 

continued to show tendency retain lower phenol content. 

4.13 Pyruvic acid (µmoles/g)  

 The pyruvic acid content of onion bulbs different storage revealed significant 

differences among the treatments (Table 13). In general, the pyruvic acid content 

showed a decreasing trend as the storage period progressed. 

 Initially, significantly higher content of pyruvic acid was recorded in the 

treatment T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) (9.50 µmoles/gm) and it 

was on par with the treatment T12 (9.33 µmoles/gm). Minimum content of pyruvic 

acid was found in T1 (Control) (5.27 µmoles/gm).  

 After 30 days of storage under ambient condition the pyruvic acid content was 

found to be maximum in the treatment T6 (Seedling dip in salicylic acid @ 2 mM + 

Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT) (9.23 µmoles/gm) and it showed parity with the treatment T12 (9.00 

µmoles/gm), T5 (9.13 µmoles/gm) and T3 (9.20 µmoles/gm). On contrary, treatment T1 

(control) continue the trend of showing minimum pungency (5.10 µmoles/gm). 

 At the end of 60 days of storage, significantly maximum pyruvic acid content 

was noticed in the treatment T6 (8.80 µmoles/gm) and it was on par with the treatment 

T12 (8.57 µmoles/gm). Significantly minimum pyruvic acid content was found in the 

treatment T1 (Control) (4.77 µmoles/gm) over all other treatments.  

 At 90 days of storage, pyruvic acid content was continued to be maximum in 

the treatment T6 (8.23 µmoles/gm) and it showed parity with the treatment T5 (8.10 

µmoles/gm). In contrast, minimum content of pyruvic acid was continued to be 

present in the treatment T1 (Control) (4.07 µmoles/gm). 
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Table 13: Effect of on field application of salicylic acid, azoxystrobin and cycocel 

on total pyruvic acid (µmoles/g) of onion bulbs (cv. Arka Kalyan) stored 

under ambient condition 

 

 

Treatments 

 

Pyruvic acid (µmoles/g) 
 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 5.27
j
 5.10

e
 4.77

e
 4.07

g
 3.43

e
 4.53 

T2 9.03
d
 8.47

b
 7.97

 b
 7.40

c
 6.60

b
 7.81 

T3 9.13
cd

 9.20
a
 8.80

a
 8.23

a
 6.63

b
 7.96 

T4 7.40
h
 6.83

d
 6.37

d
 5.97

e
 5.30

d
 6.37 

T5 9.30
bc

 9.13
a
 8.67

a
 8.10

a
 7.67

a
 8.57 

T6 9.50
a`

 9.23
a
 8.80

a
 8.23

a
 7.90

a
 8.71 

T7 7.63
g
 6.90

d
 6.33

d
 5.63

d
 5.17

d
 6.33 

T8 8.50
f
 8.03

c
 7.43

c
 6.97

d
 6.17

c
 7.42 

T9 8.73
e
 8.07

c
 7.70

bc
 7.07

d
 6.60

b
 7.63 

T10 7.20
i
 6.87

d
 6.47

d
 5.90

ef
 5.27

d
 6.34 

T11 9.00
d
 8.67

b
 7.90

b
 7.10

cd
 6.60

b
 7.81 

T12 9.33
ab

 9.00
a
 8.57

a
 7.73

b
 6.73

b
 8.31 

Mean 8.34 7.96 7.39 6.75 6.14 7.30 

S. Em± 0.06 0.07 0.10 0.10 0.09 0.08 

CD@5% 0.20 0.25 0.31 0.31 0.26 0.27 

 

Note: Values with the same superscripts in same column are not significantly different 

by  Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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 Even after 120 DAS, the treatment T6 continued to record maximum pyruvic 

acid content (7.90 µmoles/gm) which was on par with the treatment T5 (7.67 

µmoles/gm). However treatment T1 (control) (3.43 µmoles/gm) remained to contain 

the minimum level of pyruvic acid. 

4.14 Sensory evaluation  

4.14.1 Colour (score out of 9)  

 The data regarding sensory evaluation of skin colour of onion bulbs (variety 

Arka Kalyan) as influenced during storage by field application of salicylic acid, 

azoxystrobin and cycocel are given in Table 14. The overall mean revealed significant 

differences among the treatments. However, numerically maximum mean score (8.08 

out of 9) for bulb colour was seen in the treatment T8 (Pre-harvest spray of salicylic acid 

@ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 DAT) followed by T10 

(Pre-harvest spray of azoxystrobin-0.05% at 90 DAT) (7.95 out of 9). However, the 

treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) (7.62 out of 9) scored minimum in comparison with other 

treatments.  

4.14.2 Texture  

 The influence of field application salicylic acid, azoxystrobin and cycocel on 

texture of bulbs was found to be significant (Table 15). Numerically maximum mean 

score for bulb texture was recorded in the treatment T11 (Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) (7.88 out of 9). However, minimum score was received by the 

treatment T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM at 60 + 90 DAT and foliar spray CCC 2500 ppm 90 DAT) (7.54 out of 9). 

4.14.3 Taste and flavor 

 The data regarding sensory evaluation of flavour and taste of onion bulbs 

(variety Arka Kalyan) as influenced by field application of salicylic acid, azoxystrobin  
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Table 14: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

colour of onion bulbs (cv. Arka Kalyan) stored under ambient condition  
 

 

Treatments 

 

Colour 

Mean Storage (Days) 

Initial 30 60 90 120 

T1 8.12
cde

 7.92
d
 7.80

de
 7.57 7.13

cde
 7.71 

T2 7.90
fgh

 7.88
d
 7.77

e
 7.53 7.53

a
 7.72 

T3 8.00
def

 7.95
d
 7.90

cde
 7.73 7.37

ab
 7.79 

T4 7.82
fgh

 8.05
c
 7.77

e
 7.60 7.33

abc
 7.71 

T5 7.95
efg

 8.19
b
 7.97

bc
 7.80 7.40

ab
 7.86 

T6 7.80
gh

 8.05
c
 7.93

bcd
 7.56 7.23

bcd
 7.72 

T7 8.28
abc

 7.77
e
 7.93

bcd
 7.65 7.40

ab
 7.81 

T8 8.40
a
 8.37

a
 8.33

a
 7.79 7.50

a
 8.08 

T9 7.73
h
 7.89

d
 7.90

cde
 7.69 7.47

a
 7.74 

T10 8.17
bcd

 8.19
b
 8.07

b
 7.78 7.53

a
 7.95 

T11 8.33
ab

 8.09
bc

 7.87
cde

 7.47 7.10
de

 7.77 

T12 7.77
gh

 7.93
d
 7.80

de
 7.60 7.00

e
 7.62 

Mean 8.02 8.02 7.92 7.65 7.33 7.79 

S. Em± 0.06 0.04 0.03 0.08 0.06 0.05 

CD@5% 0.18 0.10 0.16 NS 0.21 0.13 

 

Note: Values with the same superscripts in same column are not significantly different 

by  Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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and cycocel during storage period of 120 days was found to be non-significant (Table 

16). Nevertheless, numerically maximum mean score for bulb flavour and taste was 

observed in the treatment T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 

DAT and foliar spray of CCC 2500 ppm 90 DAT) (7.83 out of 9) and minimum score 

by the treatment T2 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) (7.2 

out of 9). 

4.14.4 Overall acceptability  

 The data regarding sensory evaluation of overall acceptability of onion bulbs 

(variety Arka Kalyan) as influenced by field application of salicylic acid, azoxystrobin 

and cycocel with prolong storage of 120 days was presented in the Table-17. The 

treatment T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar 

spray of CCC 2500 ppm 90 DAT) (7.9 out of 9) exhibited numerically maximum mean 

score for overall acceptability and minimum score was noticed in treatment T9 (Seedling 

dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 

DAT and foliar spray CCC 2500 ppm 90 DAT) (7.57 out of 9). 
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Table 15: Effect of field application of salicylic acid, azoxystrobin and cycocel on 

texture of onion bulbs (cv. Arka Kalyan) stored under ambient condition  
 

 

Treatments 

 

Texture 
 

Mean 
Storage (Days) 

Initial 30 60 90 120 

T1 7.93
c
 7.78

cd
 7.60 7.53

bc
 7.13

d
 7.60 

T2 7.78
c
 7.82

bcd
 7.73 7.58

ab
 7.43

abc
 7.67 

T3 7.88
c
 7.83

bc
 7.60 7.63

ab
 7.47

ab
 7.68 

T4 7.78
c
 7.70

cd
 7.67 7.53

bc
 7.23

bcd
 7.58 

T5 8.03
bc

 7.82
bcd

 7.70 7.63
ab

 7.33
abcd

 7.70 

T6 7.95
c
 7.80

cd
 7.63 7.50

bc
 7.23

bcd
 7.62 

T7 7.97
c
 7.67

d
 7.47 7.37

c
 7.40

abcd
 7.57 

T8 8.33
a
 8.02

a
 7.70 7.55

bc
 7.43

abc
 7.81 

T9 7.93
c
 7.67

d
 7.57 7.37

c
 7.17

cd
 7.54 

T10 7.93
c
 7.85

bc
 7.67 7.58

ab
 7.13

d
 7.63 

T11 8.27
ab

 7.97
ab

 7.80 7.75
a
 7.60

a
 7.88 

T12 7.78
c
 7.67

d
 7.60 7.58

ab
 7.20

bcd
 7.57 

Mean 7.96 7.80 7.64 7.55 7.31 7.65 

S. Em± 0.08 0.04 0.57 0.07 0.09 0.17 

CD@5% 0.27 0.16 NS 0.20 0.28 0.18 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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Table 16: Effect of seedling dip and pre-harvest sprays on flavour and taste of 

onion bulbs (cv. Arka Kalyan) stored under ambient condition  

 

 

Treatments 

 

Taste and flavour 
 

Mean 
Storage (Days) 

Initial 30 60 90 120 

T1 7.80 7.68 7.53 7.58 7.43 7.61 

T2 7.85 7.80 5.13 7.63 7.60 7.20 

T3 7.83 7.78 7.63 7.53 7.47 7.65 

T4 7.87 7.73 7.60 7.57 7.27 7.61 

T5 7.78 7.67 7.53 7.50 7.37 7.57 

T6 7.90 7.77 7.60 7.43 7.43 7.63 

T7 7.95 7.80 7.63 7.53 7.23 7.63 

T8 8.02 7.90 7.80 7.78 7.63 7.83 

T9 7.68 7.40 7.37 7.38 7.47 7.46 

T10 7.87 7.85 7.67 7.55 7.50 7.69 

T11 8.00 7.95 7.73 7.68 7.57 7.79 

T12 7.82 7.68 7.57 7.55 7.10 7.54 

Mean 7.86 7.75 7.40 7.56 7.42 7.60 

S. Em± 0.08 0.10 0.73 0.06 0.15 0.22 

CD@5% NS NS NS NS NS NS 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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Table 17: Effect of seedling dip and pre-harvest sprays on overall acceptability of 

onion bulbs (cv. Arka Kalyan) stored under ambient condition  
 

 

Treatments 

 

Overall acceptability 
 

Mean 
Storage (Days) 

Initial 30 60 90 120 

T1 7.95
bcd

 7.79
de

 7.63
de

 7.56 7.23
b
 7.63 

T2 7.84
de

 7.83
de

 7.73
bcd

 7.56 7.53
a
 7.70 

T3 7.91
cde

 7.85
cde

 7.70
bcd

 7.61 7.40
ab

 7.69 

T4 7.82
de

 7.83
de

 7.67
cde

 7.57 7.23
b
 7.62 

T5 7.92
cd

 7.89
cd

 7.73
bcd

 7.64 7.33
b
 7.70 

T6 7.87
cde

 7.87
cde

 7.73
bcd

 7.48 7.30
b
 7.65 

T7 8.06
b
 7.78

de
 7.70

bcd
 7.49 7.37

ab
 7.68 

T8 8.20
a
 8.00

ab
 7.80

ab
 7.63 7.40

ab
 7.81 

T9 7.79
e
 7.65

f
 7.57

e
 7.49 7.37

ab
 7.57 

T10 7.99
bc

 7.96
bc

 7.77
bc

 7.64 7.33
b
 7.74 

T11 8.25
a
 8.09

a
 7.90

a
 7.71 7.53

a
 7.90 

T12 7.78
e
 7.76

ef
 7.63

de
 7.57 7.23

b
 7.60 

Mean 7.95 7.86 7.71 7.58 7.36 7.69 

S. Em± 0.00 0.05 0.02 0.02 0.06 0.03 

CD@5% 0.13 0.11 0.11 NS 0.19 0.11 

 

Note: Values with the same superscripts in same column are not significantly different 

by Duncan Multiple Range Test at p ≤ 0.05. 

 

T1 – Control 
T7 – Pre-harvest spray of CCC 2500 ppm  at 

90 DAT 

T2 – Pre-harvest spray of SA (2 mM) at 60 + 

90 DAT 

T8 – Pre-harvest spray of SA (2 mM) at 60+90  

DAT + CCC 2500 ppm at 90 DAT 

T3 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) at 60 + 90 DAT 

T9 – Seedling dip in SA (2 mM) + Pre-harvest  

spray of SA (2 mM) at 60 + 90 

DAT+CCC 2500 ppm at 90 DAT 

T4 – Pre-harvest spray of azoxystrobin (0.1%) 

at 60 + 90 DAT 

T10 – Pre-harvest spray of azoxystrobin (0.1%) 

+ CCC 2500 ppm at 90 DAT 

T5 – Pre-harvest spray of SA (2 mM) + 

zoxystrobin  (0.1%) at  60+90 DAT 

T11 – Pre-harvest spray of SA (2 mM) + 

azoxystrobin (0.1%) at  60 + 90 DAT + 

CCC 2500 ppm at 90 DAT 

T6 – Seedling dip in SA (2 mM) + Pre-harvest 

spray of SA (2 mM) + azoxystrobin  

(0.1%) at  60 + 90 DAT 

T12 – Seedling dip in SA (2 mM) + Pre-

harvest spray of SA (2 mM) + 

azoxystrobin (0.1%)   at  60 + 90 DAT +  

CCC 2500 ppm at 90  DAT 
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5. DISCUSSION 

 Onion (Allium cepa L. 2n=16), is one of the most important vegetable crop 

species belonging to Alliaceae family. As a commercial vegetable crop, it is widely 

grown and exported from India. India stands first in area and second in production of 

onion, while the productivity is lower when compared the other major onion growing 

countries. Even though, some of the institutions like, Directorate of onion and garlic 

research, Rajgurunagar, (Pune) Indian Institute of Horticulture Research, Bangalore and 

National Horticultural Research and Development Foundation, Nashik, have intensively 

working on onion productivity and post harvest handling of the same. Like other 

produce, onions remain metabolically active even after harvest which inturn reduces the 

storage life. Despite the achievements in production technology, the post harvest losses 

during storage still pose a great problem. The post harvest losses due to sprouting, 

rotting, and physiological loss in weight pose great problem in storage of onion. Post 

harvest loss (sprouting, rotting etc), caused by pre and post harvest mismanagement is a 

serious threat to the interest of growers and consumers. In India, post harvest losses of 

onion could be as high as 40-50 % (Nandasana et al., 1998). Improper pre and post 

harvest practices may cause deterioration of onion produce. 

 Onion is a seasonal crop, rabi season crop yields 50-60 per cent production 

whereas the kharif and late kharif season crop covers rest of the production. In order to 

meetout the requirements in offseason and to check glut during excess production 

storage assumes paramount importance. However, significant losses in terms of quantity 

and quality of onion bulbs occur in storage. Small land holding of the poor farmers, lack 

of knowledge about the scientific handling of onion after harvest and high cost 

demanding improved storage structures etc. are the constraints in scientific storage of 

onion. However, onion can be stored for a short period to balance its demand and 

supply in the market provided the bulbs are thoroughly cured before storage. There is a 

problem of sprouting, rotting, weight loss and bulbs tend to lose chemical constituents 

when stored in an environment of high temperature and humidity. High humidity 

coupled with high temperature favors sprouting and rotting of bulbs and ultimately 

leads to the loss of keeping quality, thereby reducing their post harvest storage life. 
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 The axillary buds of the onion bulbs sprout on release of apical dominance, 

since the apical bud ceases to function during storage, if the environmental conditions 

are favourable. Many buds sprout and decrease the quality of bulbs. In addition, latent 

infection carried from the field results in bulb rotting and physiological activity i.e., 

respiration and transpiration contribute for increase in PLW. A number of growth 

regulators and chemicals have been tried to minimize the above said problem 

(sprouting, rotting and PLW) during storage. However, the entry and penetration of 

these substances to the axillary buds is often difficult in onion and hence often the 

desired effects are not realized. 

 Keeping this in view, attempts have been made in the present investigation to 

study the effect of pre-harvest application of chemicals with respect to sprouting, 

rotting, physiological loss in weight, total loss, black mould and biochemical changes 

during storage. The results obtained on these aspects are discussed in this chapter. 

5.1 Yield (t/h), number of bulbs/kg and bulb diameter (mm) 

 The effect of field application of SA, azoxystrobin and CCC on yield was found 

to be significant. In the present investigation, treatments involving combined 

application of chemicals such as in T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (48.56 t/ha), T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT and 

foliar spray CCC 2500 ppm 90 DAT) (48.10 t/ha), T8 (Pre-harvest spray of salicylic 

acid (2 mM) at 60 + 90 DAT and foliar spray of cycocel 2500 ppm 90 DAT) (48.07 

t/ha)and T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 

+ 90 DAT) (48.31 t/ha) are found to enhance yield. Increase in yield due to combined 

application of these chemicals clearly indicates the existence of synergistic effect 

among them. Several workers have shown significant increase in bulb yield due to the 

application of growth regulators (Singh et al., 1993, Nirmal et al., 1994 and Ibarra et 

al., 1994). 

 In general, the bulb yield depends on the accumulation of photo assimilates and 

partitioning in to different parts of the plant. Bulb yield of onion was strongly 

influenced by the application of different growth regulators indicating the role of these 
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chemicals in increasing the bulb yield through their effect on various morpho-

physiological and biochemical traits. The growth regulators are capable of partitioning 

of dry matter in plants, there by bringing on improvement in the yield (Reddy 2009, 

Patil, 1994, Chetti, 1991 and Chandrababu et al., 1995). Plant growth regulator-induced 

higher yields are mainly due to altered photosynthates, distributive patterns within the 

plant by coordinating plant processes to synthesize maximum dry matter and portioning 

the major quantum of this increased dry matter into effective yield contributing factors. 

The growth regulator cycocel is known to alter the source-sink relation in the plant and 

directly or indirectly relocate carbohydrate resource and improve the translocation of 

photosynthates resulting in enhanced yield (Grewal et al. 1993). Similar results were 

reported by Maiti et al. (1972). These results confirm the earlier findings of Memane et 

al. (2008), Singh et al. (2008), Gasti et al. (2011c) and Anbukkarasi et al. (2011). 

 Foliar application of SA affects the plant water relation and photosynthetic rate. 

Exogenous application of SA increased net photosynthetic rate, internal CO2 

concentration and water use efficiency in Brassica juncea (Fariduddin et al., 2003). In 

addition, exogenous application of SA known to affects leaf and chloroplast structure 

(Uzunova and Popova, 2000), stomatal closure (Mateo et al., 2004; Melotto et al., 

2006), chlorophyll and carotenoid contents (Rao et al., 1997 Chandra and Bhatt, 1998; 

Fariduddin et al., 2003), and the activity of enzymes such as RuBisCO (ribulose-1,5 

bisphosphate carboxylase/oxygenase) and carbonic anhydrase (Pancheva and Popova, 

1998; Slaymaker et al., 2002). A lower concentration of SA (10 µM) improves the 

photosynthetic net CO2 assimilation in mustard seedlings. As PN increases, 

carboxylation efficiency, chlorophyll content, and the activities of carbonic anhydrase 

and nitrate reductase are also up-regulated (Fariduddin et al., 2003). It was suggested 

that the beneficial effects of this low dose of SA in photosynthesis might be related to 

the prevention of AUX oxidation by SA, since elevated AUX levels increases PN and 

nitrate reductase activity (Ahmad et al., 2001). 

 Again, it has been observed that the effects of exogenous SA on photosynthesis 

parameters differ depending on the dose and plant species tested. In the present 

investigation, least yield was observed with the treatments T3 (Seedling dip in salicylic 

acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) (44.84 

t/ha),T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 
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2 mM followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 DAT) (45.52 t/h), T9 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid (2 mM) at 

60 + 90 DAT and foliar spray CCC 2500 ppm 90 DAT) (46.20 t/ha) and T12 (Seedling 

dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (44.24 t/h). As high SA concentrations cause a reduction in the photosynthetic 

rate (PN) and RuBisCO activity in barley plants (Pancheva et al., 1996), and reduced 

chlorophyll contents in cowpea, wheat, and Arabidopsis (Rao et al., 1997; Chandra and 

Bhatt, 1998; Moharekar et al., 2003). Exogenous SA induces alterations in leaf anatomy 

that consist of a reduced width of the adaxial and abaxial epidermis, and of the 

mesophyll tissue. Such changes correlate ultra structurally with an increase in 

chloroplast volume, swelling of grana thylakoids, and coagulation of the stroma 

(Uzunova and Popova, 2000). Thus, the diminished photosynthetic activity at high 

concentrations of SA is due to its effects on the thylakoid membranes and light-induced 

reactions linked to them. 

 The application azoxystrobin could have enhanced total nitrate assimilation in 

more nourished plants under less favourable light conditions, resulting in better crop 

growth and productivity. This hypothesis is also supported by the findings of Glaab and 

Kaiser (1999), who found that KROM strobilurin on spinach-discs, is able to activate 

NADH–nitrate reductase (NR) (EC 1.6.6.1) above its normal activation state, both in 

the dark and in the light. The NR catalyzes the first stage of nitrate assimilation, 

representing the main enzyme involved in nitrogen metabolism in plants, in particular in 

nitrate assimilation (Campbell, 2002). 

 With respect to number of bulbs per kg and bulb diameter, significant difference 

was noticed. Maximum number of bulbs per kg and minimum diameter was observed in 

treatment T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar 

spray of CCC 2500 ppm 90 DAT), whereas treatment T12 (Seedling dip in salicylic acid 

@ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 

+ 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) exhibits minimum number 

of bulb per kg with maximum diameter. According to El-mergawi and Abdel-Wahed 

(2004), low dose of SA significantly increased the total carbohydrate content and higher 

dose decreased it in onion. This could be the reason why SA treated plants showed 
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maximum number of bulb per kg and minimum diameter. Whereas foliar application of 

CCC (1500 ppm) increased the seed yield, number of seeds per pod and 100 seed 

weight as compared to control in soybean (Kamal et al., 1995). Similar results were also 

obtained by Jayakumar and Thangaraj (1991) in groundnut with the foliar application of 

Mepiquat chloride. 

5.2 Physiological loss in weight (PLW) 

 Physiological loss in weight refers to loss in weight of the produce due to 

physiological process such as transpiration and respiration. Transpiration is a 

mechanism in which water is lost due to difference in the vapour pressure of the water 

in the atmosphere and the transpiring surface. Whereas respiration is a catabolic activity 

involving oxidation of complex substrates resulting in the formation of CO2 molecule 

which is evolve into the atmosphere. The rate of water loss is dependent upon the type 

of crop evaluated, and was greatly related to physiological and morphological 

characteristics of the commodity and expected shelf life of the commodity in a given 

environmental condition. 

 The minimum loss in weight of bulb during storage is considered to be one of 

the desirable factors to increase storage life. In general, PLW of any produce increases 

with advancement in storage. Likewise in the present investigation also there is gradual 

increase in PLW of stored onion bulbs was observed irrespective of treatment imposed. 

However, combined application of growth regulators and chemicals significantly 

reduced the cumulative physiological loss in weight in storage compared to control. The 

treatment T11 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM at 60 + 90 DAT) (11.62%), T6 (Seedling dip in salicylic acid @ 2 mM + 

Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray of azoxystrobin @ 

0.1% at 60 + 90 DAT) (12.43 %) and T12 (12.88%) are found be elite treatments in 

reducing the PLW with progress in storage period of 120 days. This could be due to the 

combined effect of SA, azoxystrobin and CCC. 

 The fungicide azoxystrobin which helped in controlling the black mould 

responsible for decay of onion bulbs and CCC a growth retardant substance reduces the 

respiration rate of bulbs, which in turn reduces the loss of moisture from the bulbs. The 
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chemical must have played a vital role in modifying the rate of gaseous exchange that 

takes place through the surface of the bulbs by changing the ratio of carbon dioxide and 

oxygen inside the bulbs, thus minimising the respiration and transpiration rate of the 

bulbs in turn must have reduced the rate of moisture loss and ultimately prevented the 

loss in weight (Vijayakumar et al., 1987). Similar findings were obtained by Singh and 

Dhankhar (1995) in onion. Salicylic acid as an electron donor produces free radical 

which prevents normal respiration and SA can also decrease respiration rate and bulb 

weight loss by stoma closing (Zheng and Zhang, 2004, Freddo et al. 2013). SA 

increases the antioxidant activity and causes delay in the onset of hydrolysis of 

structural cell components. It also decrease the rate of transpiration which is associated 

with reduction in hydrolytic cell wall enzyme activity which is in turn is greatly 

influenced by SA. Similar results were obtained by Shafiee et al. (2010) in strawberry, 

Kazemi et al. (2011) in apple, Barman and Asrey (2014) in mango and Awad (2013) in 

peach. 

5.3 Respiration rate 

 Even after harvest, the produce continues the process of respiration as are alive 

which is a characteristic of all living things. Respiration is the metabolic process in 

which stored organic materials are broken down with a release of energy as vital heat. 

Thus produced energy can be captured as high energy bonds in compounds that could 

be used by cell in subsequent reactions, or it can be lost in the form of heat. The energy 

and organic molecules produced during the process of respiration are utilized by other 

metabolic process to maintain the health of the commodity (Saltveit, 1993). 

   The deterioration rate of harvested commodities is generally in proportion to 

their respiration rate. Respiration determines the rate of metabolic processes which in 

turn have a direct impact on eating quality characteristics such as firmness, sugar 

content, pungency and overall flavour (Crowther et al., 2005; Terry et al., 2005). 

Commodities with high rate respiration possess short storage life (lettuce, broccoli, peas 

spinach etc.) in comparison to commodities with low rate of respiration are usually 

having relatively long storage life (apple, potato, onions etc.). With increased 

temperature the respiration rate of onion rises more slowly than it does in most of the 
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crops. Respiration however, results in continuous loss of stored food (dry matter) and in 

production of heat. Respiration is low in dormant onions. 

  In the present investigation a gradual increase in rate of respiration was noticed 

irrespective of treatments imposed at all the successive stages of the storage. Initially 

mean rate of respiration was low i.e. 12.55 ml/CO2/kg/h, increased to 13.95 ml 

CO2/kg/h, 17.00 ml CO2/kg/h, 18.53 ml CO2/kg/h, and 20.02 ml CO2/kg/h at 30, 60, 90 

and 120 DAS respectively. However, the low rate of respiration was observed in the 

treatment T3 (15.29 ml/CO2/kg/h), T6 (15.37 ml/CO2/kg/h) T11 (15.37 ml/CO2/kg/h) and 

T9 (15.38 ml/CO2/kg/h).  

 In the present experiment, treatments containing SA are able to decrease the 

respiration rate of onions with prolonged storage. It may be the effect of SA as it has 

been reported to effectively reduce the respiration rate in several fruit such as Banana 

and Apple (Srivatsava and Dwivedi, 2010 Mo et al., 2008). SA as a signal triggers the 

induction of cyanide resistance respiration in plant cells by affecting the alternative 

oxidase (AOX) enzyme activity (Raskin, et al., 1989). In horticultural crops, SA affects 

AOX activity leading to decrease in the harmful effects of different post-harvest 

oxidative stresses such as chilling injury, prevents fermentation, and maintains low 

respiration rates and decreases fruit ripening and senescence rates. Respiration of 

harvested crops is highly dependent to ethylene production and activity and any factor 

increasing the production and activity of ethylene leads to increases in respiration and 

consequently increases the senescence rate. Effect of SA in decreasing the respiration 

rate is mainly due to it’s negative effects on ACC, ACO, PG, PME, cellulase and 

antioxidant enzymes leading to decrease in ethylene production and action 

(Mohammadreza and Morteza, 2010). Zhang et al, 2003 reported a similar effect on 

kiwi fruit treated with acetyl salicylic acid (ASA). 

 However, higher rate of respiration was noticed in treatment T1 (Control) (19.34 

ml CO2/kg/h). Uncontrolled sprouting and rotting might have resulted in increased rate 

of respiration. 
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Fig. 1: Graph showing effect of field application of SA, azoxystrobin and cycocel on physiological loss in weight (PLW) and respiration rate of onions 

during storage 

 
T1 - Control T7 – Pre-harvest spray of CCC 2500  ppm at 90 DAT    

T2 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT   T8 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT + CCC 2500 ppm at 90 DAT         
T3 - Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2mM) at 60 + 90  DAT T9 -  Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2 mM) at 60 + 90 DAT+ CCC  2500 ppm at 90 DAT 

T4- Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT T10 – Pre-harvest spray of azoxystrobin (0.1%) + CCC 2500 ppm at 90  DAT 

T5 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT T11 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT + CCC 2500 ppm at 90 DAT 
T6  - Seedling dip in SA (2 mM) + Pre-harvest spray  of SA (2 mM) +  azoxystrobin   

(0.1%) at 60 +  90 DAT 

T12 - Seedling dip in SA (2 mM) + Pre-harvest  spray of SA (2 mM) + azoxystrobin (0.1%)  at  60 + 90 DAT +  CCC 2500 

ppm at 90 DAT 

9
7
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5.4 Sprouting  

 Sprouting is the major factor limiting the storability of onion (Allium cepa) 

bulbs (Chope et al., 2006). At harvest, onion bulbs are usually dormant. After harvest 

onion enters into a state of rest referred as dormancy during which onion bulbs remain 

inactive physiologically even though favorable environmental conditions are existing. It 

is true that dormant bulbs possess least rate of respiration and appeared to change little, 

but now known that within the bulb there is continuous process of growth, very slow at 

first but gradually accelerating (Brewester, 1987). Sprouting is initiated by two factors: 

(1) induction of cytokinin with the decrease in abscisic acid (ABA) (Miedema and 

Kamminga, 1994; Abeles et al., 1992) and (2) stress such as wound (Miedema, 1994b) 

or heat shock (Miedema, 1994a).  

 Sprouting occurs when leaf primordial that are produced in stored onion bulbs 

develop green leaves, rather than the scale leaves, which elongate and eventually 

protrude from the neck of the bulb (Abdalla and Mann, 1963). The growth rate of the 

sprout inside the bulb varies according to cultivar and storage environment (temperature 

and RH) (Chope et al., 2006). Temperature has profound effect on the dormancy period 

and storage life of onion bulbs (Komochi, 1990; Ramin, 1999). Ultimately Sprouting is 

the eventual result, and accompanying rise in respiration rate leads substantial heat 

output. The rate at which dormancy is lost based on several factors. Depending on 

genotype and storage conditions sprout growth is initiated after a certain period of 

storage (Komochi, 1990). Hormonal control involving a gradual increase of the ratio of 

sprouting promoters to inhibitors may underlie the loss of dormancy with time (Gubb 

and MacTavish, 2002). It leads transfer of both dry matter and water from edible fleshy 

scales in to the sprouts resulting in increased shriveling of bulbs, consequently onion 

bulbs lose marketable quality (Kukanoor et al., 2005). 

 In the present investigation, the mean per cent sprouting was found to be 

minimum for treatments T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray 

of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT) (2.26%), T11 ( Pre-harvest spray of salicylic acid @ 2 

mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 
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90 DAT) (2.82%), T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray cycocel 2500 ppm 90 DAT) 

(3.47%) and T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT) (3.55%). 

 From the above observation, it is clear that use of combined chemical was found 

to be effective in sprout suppression. This clearly indicates the existence synergy among 

the chemicals and each chemical contributes its own share for sprout suppression. 

 Growth regulator cycocel prolong the dormancy for longer period after harvest. 

This could be attributed to reduced neck thickness in sprayed bulbs and by way of 

minimised cell division and due to the removal of apical dominance inhibiting sprout 

initiation. The results of the present investigation are in conformity with the findings of 

Bhujbal and Patil (1978), Singh and Dhankhar (1995), Chaobasingh and Bhattacharjee 

(1998) and Anbukkarasai et al., (2013). 

 Fungicide azoxystrobin is known to influence some aspects of plant physiology, 

likely through the interaction with electron transfer in plant mitochondria (Barlett et al., 

2002). Dose response experiments revealed that strobulin shifted the hormonal balance, 

favouring cytokinin as opposed to ethylene, and causing up to a two fold increase in 

endogenous level of abscisic acid (ABA) a harmone which checks the growth. The 

phytoharmone ABA plays an important role in many physiological process in plants. 

This harmone is necessary for regulation of several events during late seed 

development, and is crusial for the response to environmental stresses (Anatonio et al., 

2012).  

 SA inhibited mitotic index in onion root cells (Trushin et al., 2013).It is also 

known to inhibit the process of seed germination the authors Anandhi and Ramanujam 

(1997), Asthana and Srivastava (1978), Negi and Prasad, (2001) reported an inhibitory 

effect SA on germination of black gram, maize and soya bean respectively. However, 

SA at higher concentration results in inhibitory effect of SA on plant growth in tomato, 

maize, and lupine as reported by Kord and Hathout (1992), El- Wahed et al. (2006) and 
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Habba (2003). SA treated plants accumulated high concentration of ABA 

(Sakhabutdinova et al., 2003). 

5.5 Rotting 

 Microbial spoilage is a major constraint in storability of onion during storage. 

The most serious loss arises from storage rots due to various diseases caused by bulb 

rotting fungi (Jones and Mann, 1963). About 15 different fungal species and 5 bacterial 

species are found responsible for the onion diseases in the storage and transit all over 

the world. The loss due to these diseases is considerable and may go up to 40 per cent 

(Aiyer, 1980). In storage, various diseases caused different kind of micro organism 

destroy the onions, they multiply and infect the bulb surface when congenial conditions 

prevail. Pre-harvest application of fungicides and chemicals to control rotting is a fairly 

a common practice. Such treatments can improve the storage life of bulbs by preventing 

pathological disorders. Storage loss of onions in variety Punjab-48 was studied by 

Saimbhi and Randhawa (1982) and found losses due to rotting in storage to be greatest 

in large bulbs and least in the small ones. 

 In the present investigation, bulb rotting shows a gradual increase at all the 

successive stages of the storage. The mean per cent rotting was found to be 1.33 per 

cent, 2.60 per cent, 3.85 per cent and 5.21 per cent at 30, 60, 90 and 120 DAS 

respectively. Numerically least rotting was noticed in the treatment T5 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) (1.87%), T11 

(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (2.07%), T8 (Pre-harvest spray of 

salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 DAT) 

(2.12%) and T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT and foliar 

spray CCC 2500 ppm 90 DAT) (2.54 %). On contrary to this treatment T12 (Seedling 

dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (4.36%) take over the next place after treatment T1 (Control) (7.09%) which 

could not be fully understood and might be due to different pre and post harvest factors 

and also due to the presence large sized bulb are usually susceptible for rotting (Saimbhi 
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and Randhawa, 1982). Combination of chemicals was found to be more effective in 

decreasing the per cent rotting rather using them alone indicating that there is an 

enhanced rate of control in rotting as all the chemicals are effective in checking rotting 

by different mode of action. Exogenous application of SA at nontoxic concentrations to 

susceptible fruits and vegetables could enhance resistance to pathogens and control 

post-harvest decay (Asghari et al., 2009; Asghari et al., 2007; Babalar et al., 2007). 

MeSA triggers disease resistance and mediates the expression of defense related genes 

in neighboring plants and in healthy tissue of infected plants (Shulaev et al., 1997). 

Some researches indicate that SA also exhibits direct antifungal effects against 

pathogens. Plants protect themselves against the pathogen attacks by activating some 

kinds of defense mechanisms such as local acquired resistance (LAR) and systemic 

acquired resistance (SAR) (Vlot et al., 2009). Salicylates are a major component in the 

signal transduction pathways of plants playing an important role in disease resistance 

(Park et al., 2007). Once plant defense responses are activated at the site of infection 

(LAR), a systemic defense response is often triggered in distal plant parts to protect 

these undamaged tissues against subsequent invasion by the pathogen. This long-lasting 

and broad-spectrum induced disease resistance is referred to as SAR and is 

characterized by the coordinate activation of a specific set of PR-genes, many of which 

encode for proteins with antimicrobial activity (Durrant & Dong, 2004).  

 Azoxystrobin is one among the strobilurin class of systemic fungicides. 

Inhibition of mitochondrial respiration is an important mode of action for inhibiting 

pathogen growth. It has the ability to inhibit electron transfer in fungal mitochondria by 

binding at a specific site on cytochrome b. The result of this activity is the cessation of 

normal energy production (ATP) within the cells, which results in cell death. Evidence 

of this on fungi can be observed in spore mortality, mycelial collapse and inhibition of 

sporulation or disruption of other vital stages of fungal development (Harrisson and 

Tedford, 2002). It is a broad spectrum fungicide with protectant, curative, eradicant and 

systemic properties. It travels through leaf surface to leaf tip and growing edges 

(Arreaza and Hernandez, 2001). It shows a unique broad spectrum of disease control 

and activity against Oomycetes, Ascomycetes, Basidiomycetes and Deuteromycetes. 
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None of the currently available commercial fungicides combines this breadth of 

spectrum with high levels of intrinsic activity at low rates (Anand et al., 2010).It moves 

into the tissues from the site of application through diffusion. Inside the tissues 

Azoxystrobin helps in controlling the disease through translaminar and systemic 

movement (Vincelli, 2002). Even the growth retardant cycocel is also known to 

decrease per cent rotting in onion. Crop sprayed with cycocel (lihocin) @ 2500 ppm on 

75 and 90 days after transplanting (Anonymous, 2004). 

5.6  Black mould 

 Black mould of onions is caused by the fungus Aspergillus niger van Tieghem. 

It is high temperature favouring fungus for its growth and optimum temperature range 

for growth is 28-34°C. Warmth and moisture favour development of the disease (Maude 

et al. 1984). Although the disease can occasionally be seen in the field at harvest, black 

mould is primarily a postharvest disorder and can cause extensive losses in storage 

under tropical conditions (Thamizharasi & Narasimham 1992). 

 Black mould was first recorded causing a storage rot of onions in New Zealand 

in 1959 (Brien et al. 1959) and at that time it was thought to be of little economic 

importance (Dingley 1969). Over the past decade black mould has become of increasing 

importance to onion growers. It not only reduces the value of the product but also some 

causes human health hazard by way producing aflotoxin. Aspergillus niger is common 

as a saprophyte in soil and on decaying plant material. The fungus can be seed-borne in 

onions, and up to 100 per cent of seed lots in Sudan were found to be naturally infested 

(El-Nagerabi and Ahmed, 2001).  

 In the present investigation, the incidence of black mould increased with prolong 

storage of 120 days. The mean values for the disease incidence varies from 0.75 per 

cent to 4.45 per cent during the experiment. The least mean values was recorded for the 

treatment T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) (1.63 %) followed by treatment T11 (Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT) (1.74%), T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 

DAT and foliar spray cycocel 2500 ppm 90 DAT) (2.01%) and T4 (Pre-harvest spray of 
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azoxystrobin @ 0.1% at 60 + 90 DAT) (2.05%). Azoxystrobin has a novel mode action 

(Hewitt, 1998) and the role of application at different time intervals and at higher 

concentration (0.1%) played a major role in controlling black mould in the present 

investigation. Its fungicidal activity results from inhibiting the mitochondrial respiration 

of higher fungi, which is achieved by prevention of electron transfer between 

cytochrome-b and cytochrome-c (Becker et al., 1981). Alphanso trees sprayed 

azoxystrobin @ 2 ml/L suppressed the development of anthracnose (Sundaravadana et 

al., 2006) Similar results obtained by Xuequn et al. (2012) in mango. 

 The fungicide in combination with SA and CCC proved best in reduction of 

black mould incidence. As SA induce SAR which might have helped azoxystrobin in 

minimizing the disease incidence and CCC a growth retardant substance, reduces the 

respiration rate of bulbs, which in turn reduces the loss of moisture from the bulbs thus 

creating unfavorable environment for growth of pathogen. 

 In treatment T1 (Control) progressive incidence of the disease was noticed 6.67 

per cent at 120 DAS. This clearly indicates the efficacy of the field application of 

chemicals over the untreated control. 

5.7 Marketable bulbs 

 Availability of maximum quantity of healthy and sound bulbs at the end of 

storage period is of paramount importance for better sale and to get good returns. 

Storage life of onions depends on many factors such as cultivar and pre- and post-

harvest treatments influencing the quantum of marketable bulb. 

 In the present study, the mean marketable bulb ranges from 92.42 per cent in the 

first 30 DAS to 69.51 per cent in the successive 120 DAS. The maximum per cent 

marketable bulbs at the end of storage period was obtained in the treatment T11 (Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (85.54%) at the end 120 DAS 

followed by T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% 

at 60 + 90 DAT) (83.52%), T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest 

spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray CCC 2500 ppm 90 

DAT) (82.91%), T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid @ 2 mM followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 

DAT) (82.36%) and T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of  

 



 

104 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Graph showing effect of field application of SA, azoxystrobin and cycocel on marketable bulbs and rotting in onions during 

storage  
 
T1 - Control T7 – Pre-harvest spray of CCC 2500  ppm at 90 DAT    

T2 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT   T8 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT + CCC 2500 ppm at 90 DAT         
T3 - Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2mM) at 60 + 90  DAT T9 -  Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2 mM) at 60 + 90 DAT+ CCC  2500 ppm at 90 DAT 

T4- Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT T10 – Pre-harvest spray of azoxystrobin (0.1%) + CCC 2500 ppm at 90  DAT 
T5 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT T11 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT + CCC 2500 ppm at 90 DAT 

T6  - Seedling dip in SA (2 mM) + Pre-harvest spray  of SA (2 mM) +  azoxystrobin   

(0.1%) at 60 +  90 DAT 

T12 - Seedling dip in SA (2 mM) + Pre-harvest  spray of SA (2 mM) + azoxystrobin (0.1%)  at  60 + 90 DAT +  CCC 2500 

ppm at 90 DAT 
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salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT) (82.32%), This may be attributed to minimum 

physiological loss in weight (%), per cent rotting and per cent sprouting in these 

treatments. These results are in conformity with the findings of Blanco and Oliveira 

(1971) and Kepkawa (1966) in onion. 

 As already discussed about the effect of using combination of chemicals on 

yield, rotting, sprouting and on PLW of the stored onion bulbs. For all attributes the 

treatment T11(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 

60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) was found be the best. 

Again each chemical has its own contribution for recording maximum quantity of 

marketable bulbs. As SA is known to influences the yield by enhancing the 

photosynthesis efficiency and reducing diseases by increasing the firmness and plant 

metabolites. The results are in conformity with the findings of Kukanoor (2005) in 

onion, Wedge et al. (2007) in strawberry and Roback and Adamicki, (2007) in 

strawberry. Similarly another growth regulator cycocel is also known to alter the 

source-sink relation in the plant and directly or indirectly relocate carbohydrate resource 

and improve the translocation of photosynthates resulting in enhanced yield (Grewal et 

al. 1993). Similar results were reported by Maiti et al. (1972). However the fungicide 

azoxystrobin is a broad spectrum fungicide with protectant, curative, eradicant and 

systemic properties. It shows a unique broad spectrum of disease control and activity 

against Oomycetes, Ascomycetes, Basidiomycetes and Deuteromycetes. None of the 

currently available commercial fungicides combines this breadth of spectrum with high 

levels of intrinsic activity at low rates (Anand et al., 2010). It moves into the tissues 

from the site of application through diffusion. Inside the tissues Azoxystrobin helps in 

controlling the disease through translaminar and systemic movement (Vincelli, 2002). 

  Minimum per cent marketable bulbs were noticed in the treatment T1 (Control) 

which is mainly because of high rate respiration, moisture loss inturn resulting 

maximum loss in weight inaddition to this uncontrolled sprouting and rotting too 

contributing to reduced marketable bulbs. 
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5.8 Moisture  

 Post harvest water loss has a great impact on the bulb quality and is major cause 

for deterioration. Substantial water loss may result in a significant loss of fresh weigt, 

resulting in economic loss if the commodity is sold by weight. Slight moisture loss can 

cause substle quality changes in colour and texture, and when the critical moisture loss 

threshold is reached, more obvious deleterious changes in turgidity, firmness, 

discoloration, flavour and nutritional value can occur. Accelarated senescence increased 

pathogen invasion, and increased susceptibility to chilling injury have been reported to 

result from the weight loss. The rate of water loss varies widely among the fruits and 

vegetables, even when stored under same environmental condition (i.e. temperature and 

humidity). In general, tubers and bulbs tend to lose water at slower retain comparison to 

soft fruits while leafy vegetable are extremely vulnerable. Nevertheless, the quality of 

most of the fruits and vegetables declines very fast with only small moisture losses, in 

general, a loss of 3.0 per cent to 10.00 per cent may render a wide range of horticultural 

crops unacceptable for sale. In general moisture loss from produce occure mainly 

through transpiration which is as a result of difference in relative humidity between the 

commodity and the environment. It can be major cause for deterioration as it result in 

weight loss and shriveling changing both texture and appearance. Under low humidity 

and high temperature produce continue to loose moisture at relatively constant rate. 

 Moisture content and drymatter in plant are inversely related (Lisińska and 

Leszczyński, 1989). More the quantum of dry matter lesser the quantity of moisture in 

the bulbs (Lazić et al., 2000). The mean moisture content decreased from 84.71 per cent 

to 80.35 per cent during 120 DAS. Among the treatments, T4 (Pre-harvest spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) (81.60%), showed less moisture content is due 

to the presence of high dry matter content in same treatment.  

5.9 Dry matter 

 Dry matter content is the primary characteristic of onion bulb quality, 

determining, in part, the end use (e.g. as salad, cooking or dehydrated onions), storage 

life, pungency and firmness (Sinclair et al., 1995a). Onions with high dry matter content 

tend to be much firmer and store for longer periods before shoot growth and disease 
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incidence deplete the number of marketable bulbs (Darbyshire and Henry, 1979; 

Rutherford and Whittle, 1982; Suzuki and Cutliffe, 1989). Dry matter composition 

changes during storage. The structural carbohydrates in onion include the reducing 

fructose and glucose and non-reducing sucrose and series of oligosaccharides, the 

fructans (Darbyshire, 1978). These carbohydrates account for approximately 60 to 80 

per cent of dry matter content (Rutherford and Whittle, 1982). 

 Higher moisture loss from the surface at ambient temperature caused maximum 

weight loss of onion. Hansen and Henriksen (2001) reported that moisture loss from 

outer surface of onion causes slight increase in dry matter during storage. Finding on 

this study was also supported by Vintila et al. (2014) who noted lowest weight loss of 

onion at cold condition than ambient condition. As with other vegetables, onions 

contribute to the intake of certain vitamins and minerals, but carbohydrates are the 

major nutrient fraction, many of which are components of dietetic fibre. Non-structural 

and soluble carbohydrates form a substantial part of onion dry matter, mainly as 

fructooligosaccharides (FOS) and monosaccharides (glucose, fructose and sucrose) 

(Darbyshire and Henry, 1979; Darbyshire and Henry, 1981; Jaime et al., 2001; 

O’Donoghue et al., 2004; Susuki and Cutliffe, 1989). 

 In the present investigation, mean increase in drymatter content from 15.25 per 

cent to 19.64 per cent was observed during storage period of 120 days. The mean 

highest drymatter content was noticed in the treatment T4 (Pre-harvest spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) (18.38%) followed by treatment T9 (Seedling 

dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid (2 mM) at 60 + 90 

DAT and foliar spray CCC 2500 ppm 90 DAT) (17.59 %). The increase in dry matter 

content during the storage period could be attributed to the increase in chemical 

constituents and also decrease in the moisture content of the bulbs. Reduction in 

moisture content of the bulb and thereby the hydrolysis of sugar minimises and 

ultimately resulted in highest dry matter content due to accumulation of more sugar. 

The results obtained in the present study are in agreement with the result obtained by 

Mahadevaswamy (1984), Darbyshire (1978), and Singh and Dhankar (1995) in onion.  
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Fig. 3: Graph demonstrating relationship between dry matter and moisture content of onions during storage as influenced by field 

application of SA, azoxystrobin and cycocel 
 
T1 - Control T7 – Pre-harvest spray of CCC 2500  ppm at 90 DAT    

T2 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT   T8 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT + CCC 2500 ppm at 90 DAT         

T3 - Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2mM) at 60 + 90  DAT T9 -  Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2 mM) at 60 + 90 DAT+ CCC  2500 ppm at 90 DAT 
T4- Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT T10 – Pre-harvest spray of azoxystrobin (0.1%) + CCC 2500 ppm at 90  DAT 

T5 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT T11 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT + CCC 2500 ppm at 90 DAT 
T6  - Seedling dip in SA (2 mM) + Pre-harvest spray  of SA (2 mM) +  azoxystrobin   

(0.1%) at 60 +  90 DAT 

T12 - Seedling dip in SA (2 mM) + Pre-harvest  spray of SA (2 mM) + azoxystrobin (0.1%)  at  60 + 90 DAT +  CCC 2500 

ppm at 90 DAT 
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5.10 Firmness 

 Firmness is one of the most important quality attribute determining the product 

acceptability to the consumer. Loss of firmness is one of the main factor in limiting 

quality and the post harvest shelf life. Firmer bulbs store for longer period before shoot 

growth and disease incidence that deplete the number of marketable bulbs (Darbyshire 

and Henry, 1979; Rutherford and Whittle 1982; Suzuki, and Cutliffe, 1989). 

 In general bulb firmness decreases with increasing storage period. However in 

the present investigation treatments containing SA are able to retain bulb firmness with 

prolonged storage. Treatments like T12 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (122.72 N), T11 (123.98 N), T9 

(122.80 N), T8 (120.02 N), T6 (121.84 N), T5 (121.09 N), T3 (121.29 N) and T2 (121.57 

N) have succeeded in retaining the bulb firmness. This may be due to the reduced 

hydrolysis of soluble starch. Retention of fruit firmness as the result of SA treatment has 

been reported in several crops. It has been demonstrated that SA decreases ethylene 

production and inhibits cell wall and membrane degrading enzymes such as 

polygalacturonase (PG), lipoxygenase (LOX), cellulase and pectinemethylesterase 

(PME) leading to decreasing the fruit softening rate (Srivastava and Dwivedi, 2000; 

Zhang et al.,2003) thus maintaining firmness. Zhang et al. (2003) reported that rate of 

fruit ripening is related to internal SA concentration. Retention fruit firmness was 

associated with inhibition ACO enzyme activity. SA prevents fruit softening according 

to Srivastava and Dwivedi (2000), Zhang et al. (2003) and Wang et al. (2006). The 

authours found that rapid softening of fruits during ripening was simultaneous with 

rapid decrease in endogenous SA of fruits. SA affects cell swelling which leads to 

higher firmness of fruits (Zhang et al., 2003 and Shafiee et al., 2010). In addition Lam 

et al. (1987) stated that SA act as anti-transpiring chemical can retard moisture loss 

ascociated with pericarp browning of fruits. It may also inhibit senescent changes, 

which will consequently prolong shelf life of produce. MeSA, in a concentration 

dependent manner from 0 to 32 ml/L maintained firmness of kiwifruit during storage 

(Aghdam et al., 2009). Srivastava and Dwivedi (2000) reported that in bananas treated 

with SA fruit softening markedly decreased. Zhang, et al. (2003) reported a positive 

correlation between fruit free SA content and firmness in kiwi fruit during ripening. 



 

110 

Solaimani et al. (2010) Post harvest application of MeSA in kiwi fruit decreased 

softening of fruits during storage. On contrary treatment T1 (Control) (117.45 N) lost 

more firmness during prolong storage of 120 days which may be due to is due to huge 

loss of water and increased rate of respiration resulting in decreased firmness. 

5.11 Total soluble solids 

 Total soluble solids is defined as the total of all the solids that dissolve in water, 

including sugars, salts, protein and organic acids, and the refractometer reading is the 

sum total of these. Thus, TSS is not a direct measure of sugar content and is unrelated to 

the perceived sweetness of some onion cultivars (Crowther et al., 2005). TSS and 

soluble sugars may increase during fruit ripening due to the action of sucrose-phosphate 

synthase (SPS), a key enzyme in sucrose biosynthesis (Hubbard et al., 1991). This 

enzyme is activated by ethylene and the ripening process itself during storage 

(Langenkamper et al., 1998). In onion too slight increase in TSS at the early stage of 

storage and then the reduction (Woldetsadik and Workneh, 2010). Due fructans are 

hydrolyzed to fructose during initial storage period and results in higher TSS. But 

dormancy period come to an end with the progress of storage while sprouting starts and 

sucrose is synthesized to organic acids and transported for the growth of sprout, 

ultimately it declines TSS content in bulbs (Pak et al.1995). Fructose, glucose, sucrose 

and fructans (degrees of polymerization 3-15) have been the only non-structural 

carbohydrates found in onion bulb tissues (Darbyshire and Henry, 1981) and can 

contribute up to 65 per cent or more of dry weight. Research to date has reported on 

temporal changes in carbohydrate composition in onion bulbs during development or 

storage (Kahane et al., 2001). 

 In the present investigation too the same trend is observed. However, treatments 

containing SA exhibited controlled increase in TSS. It may be due to SA effectively 

protects cell walls by decreasing the expression of degrading enzymes and as a 

consequence prevents from dramatic increase in TSS content of the cells.  

 The total soluble sugar were highest with chemical spray as compared to the 

control. The results were comparable with Ghoname (2007). Great increase in TSS was 

noticed treatment T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 
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0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (15.14
o
B) and 

T12 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 

mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 

90 DAT) (14.93
o
B) may be due to high dry matter bulbs are able to accumulate higher 

TSS concentrations without taking up more water because of their ability to synthesise 

and store highly polymerized fructans (Sinclair et al., 1995).  

 The highest TSS content in onion bulbs was mainly attributed to the maximum 

conversion of polysaccharides into soluble forms of sugars. It may also, due to 

accumulation of more carbon dioxide and low oxygen content in the bulbs and this 

retardation effect on respiration ultimately reduces the transpiration process, which 

minimises the TSS loss (Mahadevaswamy, 1984). The foliar sprays of these chemicals 

was effective in increasing the TSS content of onion which might be due to faster 

conversion of insoluble sugars into soluble forms and least utilization of organic acids. 

The results of present investigations are in conformity with the findings of Singh and 

Dhankhar (1992), Misra and Pandey (1979) and Aoyagi et al. (1997) in onion. 

5.12 Pyruvic acid content 

 The consumption of onion is increasing in developed countries and developing 

countries every year. The compounds like sugars and organic acids are contributing to 

the organoleptic taste and contribute to the disctictive flavour and aroma. Pungency 

level and total solubule sugars are important quality attributes of onion bulbs. The 

contents of solubule carbohydrates contribute to onion sweetness. All the above 

parameters are important in processing and export quality of bulbs (Simon, 1995). 

Many of such compounds can be chemically quantified. Thus an attempt has been made 

to estimate the pungency in the present investigation and the results obtained are briefly 

discussed.  

 The characteristic flavuor and aroma of onions are developed through unstable 

and complicated chain reaction (Yoo, et al., 2012). The flavour profile of onions 

(Allium cepa L.) is mainly determined by the 3 major flavor precursors of S-alk(en)yl-

L-cysteine sulfoxides (ACSOs): S-methyl-, S-propyl and S-1-propenyl cysteine 

sulfoxides. In general, the S-1-propenyl cysteine sulfoxides (PRENCSO) is found in the 
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highest concentration, whereas the S-methyl-cysteine sulfoxides (MCSO) and S-propyl-

cysteine sulfoxides (PCSO) are found to have lower concentrations (Lancaster & 

Boland, 1990). In the process of biosynthesis of ACSOs, sulfur (S) is absorbed by the 

roots as sulfate (SO4
2-

), reduced to sulfide in the plant, and assimilated into cysteine 

(Randle et al., 1995). Some of the cysteine go through the glutathione cycle and then 

incorporated into a variety of γ-glutamyl peptides (γ-GPs) which are intermediates in 

the pathway to ACSOs (Lancaster & Shaw, 1989).  

 When the onion cells are mechanically ruptured, the enzyme alinase (E. C. 

4.4.1.4) is released from vacuole and hydrolyzes the flavour precursors (ACSOs). This 

reaction produces pyruvic acid, ammonia and many sulfur volatiles including unstable 

sulfenic acids (Whitaker, 1976). Sequentially, these acids rapidly react to form methyl 

thiosulfinates and tear-causing propanethial S-oxides, generally referred to as the 

lachrymatory factor (LF) (Corzo-Martínez, et al., 2007; Lancaster, et al., 1998). Methyl 

thiosulfinates have been reported to be responsible for the characteristic flavours related 

to fresh onions (Block, 1985; Block et al., 1992; Freeman & Whenham, 1976). LF is 

formed from S-1-propenyl sulfenic acid following PRENCSO hydrolysis, with the 

action of LF-synthase (Block, et al., 1979). The LF is responsible for the mouth burn 

and heat when consuming onions (Kopsell et al., 2002).  

 In general, the pyruvic acid content showed decreasing trend as the storage 

period progressed. The average mean value lies between 8.34 µmoles/g to 6.14 

µmoles/g. The average mean value of pyruvic acid content is found to be maximum in 

treatment T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) (8.71 µmoles/g) followed by 

T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT followed by CCC 2500 ppm foliar spray 90 DAT) (8.57 µmoles/g). Combined 

application of the chemicals achieved more quantum of pyruvic acid as this might be 

due to the fungicide azoxystrobin is well known to influence several physiological 

processes likely through intereaction with electron transfer in plant mitochondria 

(Bartlett et al., 2002). Improved enzyme activity and translocation of metabolites (Amin 

et al., 2007) due application of SA. This is in agreement with the study conducted by 
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Bideshki et al. (2013) where foliar application of SA increased the allinase activity in 

garlic. SA is an endogenous growth regulator with phenolic nature, which participates 

in regulation of several physiological processes in plants (Khan et al., 2003).  

5.13 Total phenol content 

 The chemical composition of the onion is variable and depends on cultivar, 

ripening stage, environment and agronomic conditions (Hamilton et al., 1998; Randle 

and Bussard, 1993; Randle and Lancaster, 2002).  

 Polyphenols are the natural substances in plants that are antioxidants with the 

potential to protect the body from some disease. Previous studies showed that the main 

phenolics found in onion are quercetin, gallic acid, ferulic acid and their glycosides 

(Singh et al., 2009; Perez-Gregororio et al., 2010). Specifically, onion has been 

charecterised for its flavanol quercetin and quercetin derivatives (Roldan-Marin et al., 

2009). 

 In the present investigation, with advancement in storage period, phenolics 

content decreased gradually in all the treatments. However, relatively less decrease was 

observed in treatments T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid @ 2 mM followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 

DAT) (13.73 mg/100g) and T5 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT (13.54 mg/100g). The combined application SA 

and azoxystrobin resulted in achieving relatively less decrease in phenolic content. This 

might be due to reduced activity of poly phenol oxidase (PPO) and higher activity of 

PAL enzymes. PPO is responsible for oxidation of phenolic compounds to quinones and 

finally to brown polymers (Barman and Asrey, 2014). The greatest loss of phenolic 

contents was due to increased PPO enzyme activity. Similar results were obtained by 

Barman and Asrey (2014) in mango, Awad, (2013) in peach and (Ali et al., 2014) in 

apricot. SA as a plant harmone regulates the growth and ripening process of fruits. As a 

signaliing molecule SA activate the antioxidant mechanism in the plants thus 

maintained increased level of phenolic compounds (Ali et al. 2014). Valero et al. (2011) 

have also reported that SA application was effective in delaying ripening process in 

sweet cherry and increase in antioxidant components during storage. The decrease in  

 



 

114 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Graph demonstrating relationship between total phenol content and rotting of onions during storage as influenced by field 

application of SA, azoxystrobin and cycocel 
 
T1 - Control T7 – Pre-harvest spray of CCC 2500  ppm at 90 DAT    

T2 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT   T8 - Pre-harvest spray of SA (2 mM) at 60 + 90 DAT + CCC 2500 ppm at 90 DAT         

T3 - Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2mM) at 60 + 90  DAT T9 -  Seedling dip in SA (2 mM) + Pre-harvest spray of SA (2 mM) at 60 + 90 DAT+ CCC  2500 ppm at 90 DAT 
T4- Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT T10 – Pre-harvest spray of azoxystrobin (0.1%) + CCC 2500 ppm at 90  DAT 

T5 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT T11 - Pre-harvest spray of SA (2 mM) + azoxystrobin (0.1%) at  60 + 90 DAT + CCC 2500 ppm at 90 DAT 

T6  - Seedling dip in SA (2 mM) + Pre-harvest spray  of SA (2 mM) +  azoxystrobin   
(0.1%) at 60 +  90 DAT 

T12 - Seedling dip in SA (2 mM) + Pre-harvest  spray of SA (2 mM) + azoxystrobin (0.1%)  at  60 + 90 DAT +  CCC 2500 
ppm at 90 DAT 
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TPC at the later stage of storage might be due to senescence of tissues. In addition, the 

fungicide azoxystrobin is known to increase the activity of many enzymes. Similar 

results were obtained by Anand et al. (2008) wherein they observed azoxystrobin 

increasing the defence related enzymes peroxidase, phenyal alanine ammonia lyase and 

chitinase, defence inducing chemicals and phenolic compounds in cucumber plants. 

Similar results were obtained by Anand et al. (2008) wherein they observed 

azoxystrobin increased the defence related enzymes peroxidase, phenyal alanine 

ammonia lyase and chitinase, defence inducing chemicals and phenolic compounds in 

cucumber plants. 

5.14 Sensory analysis 

 Human perception of food comes from intricate sensory system and 

interpretation processes. In many cases, there is a lack of information in instrumental 

analyses in that they rarely capture the important perceptual process, which is described 

as sensory experience by human brain and following response (Lawless & Heymann, 

2010). Therefore, the instrumental measurements of foods have been frequently related 

to the consumer hedonic results to seek the critical attributes of foods or food products 

from consumers’ perspective (Kleef, et al., 2006). Sensory characteristics of quality 

include appearance interms of colour, texture, flavour and wholesomeness. 

 The onion skin colour is important which range from pale straw through to deep 

copper colour is acceptable for most European markets (Gorini and Testoni, 1990) and 

temperate countries. Cosmetic quality i.e. retaining an attractive apperence, is of 

increasing importance in competitive markets. The treatment T8 (Pre-harvest spray of 

salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of cycocel 2500 ppm 90 DAT) 

(8.08 out of 9) and treatment T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 

DAT and foliar spray CCC 2500 ppm 90 DAT) (7.95 out of 9). This might due to the 

effect of salicylic acid, azoxystrobin and cycocel in retaining the firmness, reducing the 

water loss and checking growth of pathogenic micro organism thus making bulbs 

healthier and attractive. 

 With respect to texture, mean maximum score was recorded by treatment T11 

(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (7.88 out of 9) and T8 (Pre-harvest 
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spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 

DAT) (7.81 out of 9) this may be due to the effect of SA that plays a major role in 

maintaining the firmness of the fruits by decreasing the ethylene production in most of 

the crops like apple (Mo et al., 2008), strawberry (Babalar et al., 2007) and Kiwifruit 

(Aghdam et al., 2009). As it reduces senescent changes, which may consequently 

increase the fruit shelf life. 

 The intensity of onion flavor can be attributed to genetic, environmental and 

post-harvest factors (Randle and Lancaster 2002). In the present investigation treatment 

T11 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT followed by CCC 2500 ppm foliar spray 90 DAT) (7.79) followed by T8 (Pre-

harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 

ppm 90 DAT) (7.83 out of 9) are showing best scores for flavour and taste attributes 

with prolong storage of 120 days. 

 Overall acceptability scores reflect better quality retention during storage (Thakur et 

al., 2012). Overall acceptability score based on bulb color, flavor, taste and texture 

decreased during extended storage in all treatments. Maximum acceptability scores 

were obtained Treatments T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (7.90 out of 9) and T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 

DAT and foliar spray of CCC 2500 ppm 90 DAT) (7.81 out of 9). Similarly, minimum 

score was observed T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid (2 mM) at 60 + 90 DAT and foliar spray CCC 2500 ppm 90 DAT) (7.57 

out of 9). Consumer acceptance of any product is determined by sensory attributes 

perceived by the main senses of human as color, appearance, flavor taste and texture. 

The sum of all sensory characters decides the overall acceptability of the product. 

 Initially good score obtained for color, flavor and taste, while it declined 

towards the end of storage as senescence proceeds. The loss in overall acceptability 

scores of onion bulb might be due to degradation of different parameters during storage. 

Loss of Color, flavor, taste and texture is due to moisture losses, the breakdown of 

sugars, acids and volatile compounds (Ishaq et al., 2009) in apricot fruit. These results 

are also in line with previous studies of Ishaq et al, (2009) and Ali et al. (2014) in 

apricot who reported a reduction in sensory score during storage of apricot fruit.  
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6. SUMMARY AND CONCLUSIONS 

 The investigation entitled with “Field application of salicylic acid, azoxystrobin 

and cycocel on shelf life of onion cv. Arka Kalyan” was conducted in kharif season of 

2016-17 at College of Horticulture, Bagalkot. Chemicals response on storage behaviour, 

physiological, physio-chemical changes, sprouting, rotting, disease control and sensory 

parameters of onion bulbs (Var. Arka Kalyan) was evaluated in the onion bulbs packed 

in gunny bags and stored at ambient condition. Salient features of the investigation are 

summarised as below. 

 The imposed treatment exhibited significant differences for yield traits such as 

yield, number of bulbs per kg and bulb diameter. Foliar spray of salicylic acid @ 2 mM 

at 60 + 90 DAT followed by foliar spray of CCC 2500 ppm 90 DAT recorded highest 

yield, maximum number bulbs per kg and optimum bulb diameter. 

 In onion storage, bulbs are affected by various factors. The sprouting losses, 

rotting losses, physiological loss in weight, black mould are the main contributors in 

storage quality of onion. Minimum sprouting losses (2.26 %) were recorded in onion 

bulbs whose seedlings were dipped in salicylic acid @ 2 mM followed by foliar spray 

of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT which is followed 

by foliar spray CCC 2500 ppm at 90 DAT. Even this treatment (T12) was also found 

promising for reducing the black mould (1.63%). Least rotting was achieved by 

treatments T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 

60 + 90 DAT) (1.87%), T11 (Pre-harvest spray of salicylic acid @ 2 mM and 

azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (2.07%) and T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and 

foliar spray of CCC 2500 ppm 90 DAT) (2.12%). However, maximum sprouting 

(7.56%), rotting (7.09%) and balck mould incidence (4.18%) was noticed in treatment 

T1 (control). 

 Combined application 2 mM salicylic acid and azoxystrobin @ 0.1% at 60 and 

90 DAT followed by foliar spray of cycocel @ 2500 ppm at 90 DAT was found to be 

promising treatment (T11) in reducing the PLW (11.62%). Seedling dip in salicylic acid 

@ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT (T3) in showed 
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decreasing the rate of respiration (15.29 ml CO2/kg/h). However, treatment T1 (control) 

exhibited higher rate of respiration (19.34 ml CO2/kg/h) and also maximum PLW 

(17.19%). 

 The maximum percentage of marketable bulbs was obtained in the treatment T11 

(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (85.54%) followed by T5 ((Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) 

(83.52%), T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid (2 mM) at 60 + 90 DAT and foliar spray CCC 2500 ppm 90 DAT) (82.91%), T6 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM 

followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 DAT) (82.36%), T12 

(Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM 

and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 

DAT) (82.32%), T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and 

foliar spray of CCC 2500 ppm 90 DAT) (80.97%), T4 (Pre-harvest spray of 

azoxystrobin @ 0.1% at 60 + 90 DAT) (80.39%) and T3 (Seedling dip in salicylic acid 

@ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) (80.10%). 

While, minimum was seen in the treatment T1 (Control) (70.36%). 

 It is important that the quality of onion bulbs is maintained during storage so 

that a satisfactory product can be delivered to the consumer. A range of quality 

measurements were done including dry weight, firmness, TSS, and pyruvic acid etc. 

Significant difference was noticed for dry matter, moisture and TSS traits of the stored 

onion. Least moisture content (81.60%) and maximum dry matter (18.38%) was 

observed in treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 + 90 DAT).  

 Maximum mean TSS was observed in the treatment T11 (Pre-harvest spray of 

salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT) (15.14
 o

B), followed by treatments T12 (Seedling dip in 

salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin 

@ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (14.93
 o

B), 

T10 (Pre-harvest spray of azoxystrobin (0.1%) at 60 + 90 DAT and foliar spray CCC 

2500 ppm 90 DAT) (14.91
o
B), T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 + 90 
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DAT) (14.88
 o

B), T7 (Pre-harvest spray of CCC 2500 ppm at 90 DAT) (14.83
o
B), T5 

(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) 

(14.75
o
B) and T8 (Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and 

foliar spray of CCC 2500 ppm 90 DAT) (14.54
o
B). Minimum TSS was observed in 

treatments T9 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of salicylic 

acid @ 2 mM at 60 + 90 DAT and foliar spray CCC 2500 ppm 90 DAT) (13.93
o
B), T2 

(Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) (14.22
o
B) and T1 

(Control) (14.23
o
B). Maximum mean firmness was observed in the treatment T11 (Pre-

harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) (123.98N), T9 (Seedling dip in 

salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid (2 mM) at 60 + 90 DAT and 

foliar spray CCC 2500 ppm 90 DAT) (122.80 N), T12 (Seedling dip in salicylic acid @ 

2 mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 

90 DAT followed by CCC 2500 ppm foliar spray 90 DAT) (122.72 N), T6 (Seedling dip 

in salicylic acid @ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM followed by 

foliar spray of azoxystrobin @ 0.1% at 60 + 90 DAT) (121.84 N), T2 (Pre-harvest spray 

of salicylic acid @ 2 mM at 60 + 90 DAT) (121.57 N), T3 (Seedling dip in salicylic acid 

@ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT) (121.29 N) and 

T5 (Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 

DAT) (121.09 N) whereas, minimum mean firmness was seen in T1 (117.45 N). 

 Phenols content showed a decreasing trend with the progression of the storage 

period. Higher mean total phenols content was noted in the treatment T5 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) (13.54 

mg/100 g) followed by T6 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray 

of salicylic acid@ 2 mM followed by foliar spray of azoxystrobin @ 0.1% at 60 + 90 

DAT) (13.73 mg/100 g) while minimum in T1 (Control) (10.09 mg/100 g). The 

treatments registered a decreasing trend with respect to pyruvic acid content of onion 

bulbs with the highest being noted in T6 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM followed by foliar spray of azoxystrobin @ 

0.1% at 60 + 90 DAT) (8.71 µmoles/gm), T12 (Seedling dip in salicylic acid @ 2 mM + 

Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 
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followed by CCC 2500 ppm foliar spray 90 DAT) (8.31 µmoles/gm). Where as 

minimum quantum of pyruvic acid resulted by treatment T1 (Control) (4.53 µmoles/gm). 

 The sensory characteristics (colour, texture, flavour and taste, and overall 

acceptability) of onion bulbs carried out with prolong storage period. The scores for 

overall acceptability of onion bulbs were high in the treatment T11 (Pre-harvest spray of 

salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 

2500 ppm foliar spray 90 DAT) (7.90 out of 9), T8 (Pre-harvest spray of salicylic acid 

@ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 DAT) (7.81 out of 9). 

While the minimum score was observed equally in T2 (Pre-harvest spray of salicylic 

acid-2 mM at 90 DAT) (7.48 out of 9), T12 (Seedling dip in salicylic acid @ 2 mM + 

Pre-harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray CCC 2500 

ppm 90 DAT) (7.57 out of 9) and T9 (Seedling dip in salicylic acid @ 2 mM + Pre-

harvest spray of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray CCC 2500 ppm 

90 DAT) (7.57 out of 9) . 

Conclusions 

1. Among the various treatments tried combined application of salicylic acid @ 2 

mM and azoxystrobin @ 0.1% at 60 + 90 DAT followed by CCC 2500 ppm 

foliar spray 90 DAT is the best treatment (T11) , it resulted better yield traits 

along with reduced PLW, rotting, black mould, sprouting, marketable bulb. In 

addition, this treatment also express good sensory quality with respect to overall 

acceptability. This treatment also performs well in parameters like firmness, 

TSS also. 

2. Combined application of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 

+ 90 DAT (T5) did well in reducing loss due to rotting and even it ranked next to 

treatment T6 with respect to phenols. Treatment T6 (Seedling dip in salicylic acid 

@ 2 mM + Pre-harvest spray of salicylic acid @ 2 mM followed by foliar spray 

of azoxystrobin @ 0.1% at 60 + 90 DAT) showed best for total phenols and 

pyruvic acid. 

3. Use of fungicide azoxystrobin @ 0.1% even though resulted in decreased rotting 

and mould incidence but the effect was relatively low in comparison with 
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combined use of chemicals as in treatments T5 (Pre-harvest spray of salicylic 

acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT), T8 (Pre-harvest spray 

of salicylic acid @ 2 mM at 60 + 90 DAT and foliar spray of CCC 2500 ppm 90 

DAT), and T11(Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 

0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT). 

4. The growth retardant cycocel was found to be ineffective to control sprouting 

alone but it performs well with other chemicals as in treatment T11 (Pre-harvest 

spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT 

followed by CCC 2500 ppm foliar spray 90 DAT) and T12 (Seedling dip @ 2 

mM + Pre-harvest spray of salicylic acid @ 2 mM and azoxystrobin @ 0.1% at 

60 + 90 DAT followed by CCC 2500 ppm foliar spray 90 DAT). 

5. The chemical salicylic acid is able to reducing the respiration rate alone as in 

treatment T3 (Seedling dip in salicylic acid @ 2 mM + Pre-harvest spray of 

salicylic acid @ 2 mM at 60 + 90 DAT). Treatments containing SA resulted in 

better firmness, reduced PLW, and increased pungency. 

Future line of work: 

1. There is need of integration of pre-harvest sprays coupled with post-harvest 

practices like curing, and use of scientific storage structures to get better results. 

2. Larger scale trials may be undertaken with promising treatments. 

3. There is need evolve combi products which reduces all the storage problems in 

onion i.e. sprouting, rotting, PLW along with enhanced yield to the farmers. 
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Appendix I: Weekly average temperature and relative humidity (RH) recorded in 

laboratory, Department of Post Harvest Technology, College of 

Horticulture, Bagalkot during the period of storage studies for 3 

months (22-01-2017 to 27-05-2017) 

 

Weeks 
Laboratory 

Temperature (°C) Relative humidity (RH) 

22-01-2017 to 28-01-2017 22.20 49.70 

29-01-2017 to 04-02-2017 25.40 46.50 

05-02-2017 to 11-02-2017 25.90 42.70 

12-02-2017 to 18-02-2017 26.10 49.90 

19-02-2017 to 25-02-2017 21.70 41.20 

26-02-2017 to 04-03-2017 28.90 32.80 

05-03-2017 to 11-03-2017 29.60 30.80 

12-03-2017 to 18-03-2017 32.60 39.10 

19-03-2017 to 25-03-2017 34.70 40.40 

26-03-2017 to 01-04-2017 34.50 37.30 

2-04-2017 to 08-04-2017 35.00 45.00 

09-04-2017 to 15-04-2017 35.40 43.00 

16-04-2017 to 22-04-2017 29.30 40.30 

23-04-2017 to 29-04-2017 29.20 36.90 

30-04-2017 to 6-05-2017 27.40 41.00 

07-05-2017 to 13-05-2017 27.60 40.10 

14-05-2017 to 20-05-2017 29.00 44.00 

21-05-2017 to 27-05-2017 29.10 44.30 

Mean 29.09 41.38 
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Appendix II: Cost of raw materials used in research 

Sl. No Items Price 

1. Azoxystrobin(Amitstar) 1358/200 ml 

2. Cycocel 650/500 ml 

3. Salicylic acid 804/500gm 

4. Onion seed 1000/500 gm 
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STUDIES ON FIELD APPLICATION OF SALICYLIC ACID, 

AZOXYSTROBIN AND CYCOCEL ON SHELF LIFE OF ONION VAR. ARKA 

KALYAN 

AYEESHYA H. KOLHAR                2017                 Dr. S. L. JAGADEESH 

                                                          Major Advisor 

ABSTRACT 

The present investigation entitled “Studies on field application of salicylic acid, 

azoxystrobin and cycocel on shelf life of onion cv. Arka Kalyan” was conducted in the 

Department of Post Harvest Technology, COH, Bagalkot, Karnataka during the year 

2016-2017. Onion cv. Arka Kalyan was imposed with seedling dip and pre-harvest 

foliar sprays at different time intervals at 60 and 90 days after transplanting (DAT). 

After harvesting bulbs were cured properly and stored under ambient condition. Various 

physiological and physico-chemical changes were recorded at monthly intervals for 4 

months. Treatments showed significant differences for yield, number of bulbs per kg 

and bulb diameter. Foliar spray of salicylic acid (SA) @ 2 mM and azoxystrobin @ 

0.1% at 60 + 90 DAT followed by CCC 2500 ppm foliar spray @ 90 DAT (T11) 

significantly reduced the physiological loss in weight (PLW) (11.62%), and bulbs of the 

treatment T3 (Seedling dip in SA @ 2 mM + SA @ 2 mM 60 + 90 DAT) exhibited least 

rate of respiration (15.29 ml CO2/Kg/h). Minimum sprouting was observed in the 

treatment T12 (Seedling dip in salicylic acid @ 2 mM + SA @ 2 mM, azoxystrobin @ 

0.1% at 60 + 90 DAT and CCC 2500 ppm at 90 DAT) (2.26%) and bulbs of the 

treatment T5 (SA @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) exhibit least 

rotting (1.87%). Reduced incidence of black mould was noticed in the treatment T12 

(1.63%) and maximum per cent marketable were obtained in the treatment T11 

(85.54%). 

The Maximum mean dry matter (18.38%) and minimum per cent moisture 

(81.60%) was noticed in treatment T4 (Pre-harvest spray of azoxystrobin @ 0.1% at 60 

+ 90 DAT). Bulbs of the treatment T11 were found to be more firmner (123.38 N), 

contained more total solubule solids (15.14 °B) and bulbs scored maximum for overall 

acceptability(7.90 out of 9) 

Pyruvic acid, indicating pungency was noted to be maximum in T6 (Seedling dip 

SA @ 2 mM + SA @ 2 mM and azoxystrobin @ 0.1% at 60 + 90 DAT) (8.71 

µmoles/g) and the same treatment recorded maximum total phenol (13.73 mg/100g). In 

conclusion, foliar application of SA (2 mM), azoxystrobin (0.1%) at 60 + 90 DAT and 

CCC (2500 ppm) at 90 DAT was effective in maintaining quality and shelf life of 

onion.  
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FgÀÄ½îAiÀÄ°è ¸Áå°¹°Pï DªÀÄè, CeÉÆÃQì¸ÉÆÖçÃ©£ï ªÀÄvÀÄÛ 
¸ÉÊPÉÆ¹¯ï gÁ¸ÁAiÀÄ¤PÀUÀ¼À PÉëÃvÀæ C£Àé¬Ä¸ÀÄ«PÉ ºÁUÀÆ 
±ÉÃRgÀuÉAiÀÄ°è CªÀÅUÀ¼À ¥ÀjuÁªÀÄ PÀÄjvÁzÀ CzsÀåAiÀÄ£À 

 D¬ÄµÁå ºÀ. PÉÆÃ¯ÁígÀ              2017                qÁ J¸ï J¯ï 
dUÀ¢Ã±ï  
                                 ¥ÀæzsÁ£À 
¸À®ºÉUÁgÀgÀÄ 

¸ÁgÁA±À 

FgÀÄ½îAiÀÄ°è ¸Áå°¹°PïÀ DªÀÄè, CeÉÆÃQì¸ÉÆÖçÃ©£ï ªÀÄvÀÄÛ 

¸ÉÊPÉÆ¹¯ï gÁ¸ÁAiÀÄ¤PÀUÀ¼À PÉëÃvÀæ C£Àé¬Ä¸ÀÄ«PÉ ºÁUÀÆ 

±ÉÃRgÀuÉAiÀÄ°è CªÀÅUÀ¼À ¥ÀjuÁªÀÄ PÀÄjvÁzÀ CzsÀåAiÀÄ£ÀªÀ£ÀÄß 

PÉÆAiÉÆèÃvÀÛgÀ vÀAvÀæeÁÕ£À «¨sÁUÀ, vÉÆÃlUÁjPÉ 

ªÀiÁºÁ«zÁå®AiÀÄ, vÉÆÃlUÁjPÉ «eÁÕ£ÀUÀ¼À «±Àé«zÁå®AiÀÄ, 

¨ÁUÀ®PÉÆÃmÉAiÀÄ°è 2016-17 gÀ ¸Á°£À°è PÉÊUÉÆ¼Àî¯Á¬ÄvÀÄ.  

 FgÀÄ½î (vÀ½ CPÁð PÀ¯Áåt) AiÀÄ ¸À¹UÀ¼À£ÀÄß ¸Áå°¹°Pï DªÀÄèzÀ°è 

G¥ÀZÀj¹ ºÁUÀÆ ¨É¼ÉAiÀÄ£ÀÄß ««zsÀ gÁ¸ÁAiÀÄ¤PÀUÀ¼ÁzÀ ¸Áå°¹°Pï 

DªÀÄè, CeÉÆÃQì¸ÉÆÖçÃ©£ï ªÀÄvÀÄÛ ¸ÉÊPÉÆ¹¯ïUÀ½AzÀ £Án ªÀiÁrzÀ 60 

ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À CAvÀgÀzÀ°è ¹A¥ÀgÀuÉ ªÀiÁqÀ¯Á¬ÄvÀÄ. PÉÆ¬Äè£À 

£ÀAvÀgÀ FgÀÄ½îAiÀÄ£ÀÄß ZÉ£ÁßV ¸ÀA¸ÀÌj¹ CªÀÅUÀ¼À£ÀÄß ¸ÁªÀiÁ£Àå 

ªÁvÁªÀgÀtzÀ°è £Á®ÄÌ wAUÀ¼ÀÄUÀ¼À PÁ® ±ÉÃRj¹qÀ¯Á¬ÄvÀÄ. 

 F ªÉÄÃ°£À G¥ÀZÁgÀUÀ½AzÀ E¼ÀÄªÀj, FgÀÄ½AiÀÄ 

¸ÀASÉå/Q.UÁæA. ºÁUÀÆ FgÀÄ½îAiÀÄ ªÁå¸ÀzÀ°è UÀªÀÄ£ÁºÀð ªÀåvÁå¸À 

PÀAqÀÄ§A¢zÉ. G¥ÀZÁgÀ T11 (¸Áå°¹°Pï DªÀiïè @ 2 mM, 

CeÉÆÃQì¸ÉÆÖçÃ©£ï @ 0.1 % £Án ªÀiÁrzÀ 60 ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À 

£ÀAvÀgÀ ºÁUÀÆ ¸ÉÊPÉÆ¹¯ï @ 2500 ppm £Án ªÀiÁrzÀ 90 ¢£ÀUÀ¼À 

£ÀAvÀgÀ) gÀÀÀ°è PÀrªÉÄ ±ÁjÃjPÀ vÀÆPÀ £ÀµÀÖ (11.62%), ºÉZÀÄÑ 

ªÀiÁgÀÄPÀmÉÖ AiÉÆÃUÀå FgÀÄ½îUÀ¼ÀÄ (85.54%), C¢üPÀ n.J¸ï.J¸ï. 

(¸ÀPÀÌgÉ CA±À), UÀnÖvÀ£À (Firmness) (123.98 N) ºÁUÀÆ gÀ¸À¸ÁézÀ ªÀiË®å 

ªÀiÁ¥À£ÀzÀ°è MlÄÖ ºÉZÀÄÑ ¹éÃPÀgÁºÀðvÉ (7.90) AiÀÄ£ÀÄß 

£ÉÆÃqÀ¯Á¬ÄvÀÄ.  

 G¥ÀZÁgÀ T12 (2 mM ¸Áå°¹°Pï DªÀÄèzÀ°è ¸À¸ÉÆåÃ¥ÀZÁgÀ ªÀÄvÀÄÛ 

¸Áå°¹°Pï DªÀÄèè @ 2 mM, CeÉÆÃQì¸ÉÆÖçÃ©£ï @ 0.1 % £Án ªÀiÁrzÀ 60 

ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À £ÀAvÀgÀ ºÁUÀÆ ¸ÉÊPÉÆ¹¯ï @ 2500 ppm £Án 

ªÀiÁrzÀ 90 ¢£ÀUÀ¼À £ÀAvÀgÀÀ) gÀÀ°è PÀrªÉÄ ªÉÆ¼ÀPÉ ¥ÀæªÀiÁt 

(2.26%) ºÁUÀÆ PÀ¥ÀÄà §Æ¸ïÖ (1.63%) PÀAqÀÄ §gÀÄvÀÛzÉ. DzÀgÉ T5 

(¸Áå°¹°PÀ DªÀÄè @ 2 mM, CeÉÆÃQì¸ÉÆÖçÃ©£ï @ 0.1 % £Án ªÀiÁrzÀ 60 

ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À £ÀAvÀgÀ) gÀÀ°è G¥ÀZÀj¹zÀ FgÀÄ½îAiÀÄ°è PÀrªÉÄ 

PÉÆ¼ÉAiÀÄÄ«PÉ (1.87%) AiÀÄ£ÀÄß UÀªÀÄ¤¸À¯Á¬ÄvÀÄ. £Án ªÀiÁrzÀ 60 

ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À £ÀAvÀgÀ CeÉÆÃQì¸ÉÆÖçÃ©£ï @ 0.1 % 
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G¥ÀZÀgÀ£ÉAiÀÄ°è (T4), FgÀÄ½î UÀqÉØUÀ¼ÀÄ CvÀå¢üPÀ MtgÁ² (Drymatter) 

(18.38%) ºÁUÀÆ PÀrªÉÄ vÉÃªÁA±À (81.60%) ªÀ£ÀÄß ºÉÆA¢ªÉ.  

 SÁgÀzÀ ¸ÀAPÉÃvÀªÁzÀ ¥ÉÊgÀÄ«Pï DªÀÄèªÀÅ G¥ÀZÁgÀ T6 (¸À¹UÀ¼À 

G¥ÀZÁgÀ @ 2 mM ªÀÄvÀÄÛ ¸Áå°¹°Pï DªÀiïè @ 2 mM, CeÉÆÃQì¸ÉÆÖçÃ©£ï 

@ 0.1 % £Án ªÀiÁrzÀ 60 ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À £ÀAvÀgÀ) £À°è ºÉZÀÄÑ 

¥ÀæªÀiÁtzÀ°è (8.71 µmoles/g) PÀAqÀÄ§A¢zÉ EzÀgÀ eÉÆvÉUÉ EzÉÃ 

G¥ÀZÁgÀzÀ°è MlÄÖ ¦üÃ£Á¯ï (13.73 mg/100g) PÀÆqÀ C¢üPÀªÁVzÉ. 

MmÁÖgÉAiÀiÁV FgÀÄ½îAiÀÄ°è £Án ªÀiÁrzÀ 60 ªÀÄvÀÄÛ 90 ¢£ÀUÀ¼À 

£ÀAvÀgÀ ¸Áå°¹°Pï DªÀÄè @ 2 mM, CeÉÆÃQì¸ÉÆÖçÃ©£ï @ 0.1 % ºÁUÀÆ 

¸ÉÊPÉÆ¹¯ï @ 2500 ppm £Án ªÀiÁrzÀ 90 ¢£ÀUÀ¼À £ÀAvÀgÀzÀ 

G¥ÀZÀgÀ£ÉAiÀÄ°è FgÀÄ½îAiÀÄ UÀÄtªÀÄlÖ ºÁUÀÆ ±ÉÃRgÀuÉAiÀÄ°è 

¥Àæ¨sÁªÀPÁj ¥ÀjuÁªÀÄ ©ÃjzÉ JAzÀÄ F ¸ÀA±ÉÆÃzsÀ£É¬ÄAzÀ 

w½zÀÄ§gÀÄvÀÛzÉ.  


