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Effects of accelerated aging and subsequent priming on 

seed quality and biochemical change of onion (Allium 

cepa L.) 

 
Rifat M Bhat, Farooq A Khan, Imtiyaz Murtaza, Gulzaffar, Moinuddin 

and Mohammad Amir 

 
Abstract 
A study was performed at SKUAST-Kashmir to understand the mechanisms of seed deterioration under 

AA and its reversal through subsequent OP. The seeds were exposed to AA treatment for 0, 48, 72 and 

96 hours at 45±2 °C and 100% R.H. Each lot of treated seeds was further divided into four sub-lots and 

osmo-primed with PEG 6000 for 0, 24, 48 and 72 hours at 25±2 °C. Fifty seeds from each sub-lot were 

placed in petri dishes and placed in an incubator at 25 °C for recording various germination parameters. 

AA significantly reduced the GP and CVG from 85.56 and 43.78 (A0) to 12.66 and 9.00 (A3). There 

were significant reduction in shoot and root length (5.94 → 2.93cm; 4.83 → 2.99cm), seedling biomass 

(21.18 → 15.84md), SVIs (18.12 → 2.01; 921.5 → 75.0) in A3 compared to A0. However, these 

attributes were found to increase to maximum of 59.84%, 29.38, 5.38cm, 4.45cm, 19.69mg, 11.71 and 

5.80 due to different OP treatments. In line, biochemical attributes like shoot chlorophyll, sugar, protein, 

MSI and anti-oxidant potential were also found to deprive due to AA effects and build up after OP 

treatments. 

 

Keywords: Accelerated ageing, onion, osmopriming, chlorophyll, antioxidant and seed germination 

 

Introduction 

Onion (Allium cepa L.) is an important bulbous vegetable that fetches highest foreign 

exchange among the fruits and vegetables. It is a herbaceous monocot plant cultivated as 

annual for vegetable but as biennial for seed production. The diverse agro-climatic conditions 

enable India to produce onion in one or the other part of the country round the year. Its 

popularity is due to its aromatic volatile oil, the allyl propyle disulfide (C3H5S2C3H7) which 

imports a cherished flavour to food. Onion also has an important role as a medicinal herb and 

is claimed to minimize high blood pressure and other heart diseases due to its favourable 

action on the elasticity of blood vessels. 

A good quality of seeds with high physiological potential is a basic requirement for higher 

crop productivity and quality. However, seed quality losses gradually after harvest due to 

progressive deterioration of the structure and function of seed (ageing) that lead to the loss of 

viability (Mohammed, 1991) [33]. Loss of seed viability following ageing has been attributed to 

a series of metabolic defects that accumulate in embryonic and non-embryonic structures 

(Sisman, 2005) [50]. At the cellular level, seed ageing is associated with loss of membrane 

integrity, reduced energy metabolism, impairment of RNA and protein synthesis, and DNA 

degradation (Kibinza et al., 2006) [26]. Increased respiration of seeds due to high temperature, 

moisture content and O2/CO2 ratio is considered as the main cause of seed deterioration. 

However, seed ageing and deterioration is inexorable and the best that can be done is to lower 

its rate (Coolbear, 1995) [9]. The detrimental effects of ageing may also be nullified (repaired) 

by exposure of aged seeds to osmopriming (Mouradi et al., 2016) [36] which may be described 

as a pre-sowing seed treatment in osmotic solution of low water potential followed by re-

drying. It allows seeds pre-germinative metabolic activities to proceed (first stage of 

germination) but prevents radicle protrusion through the seed coat. Polyethylene glycol (PEG), 

mannitol, or salts are generally used to lower water potentials of the solutions which improve 

the speed and uniformity of germination, especially under adverse conditions. Seed 

deterioration under natural conditions takes longer time to affect the seed qualities. Artificially 

induced accelerated ageing (AA) is a useful technique to lower the seed viability quickly for 

experimental purposes (Rodo and Marcos-Filho, 2003) [43] which involves exposing seeds to  
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highly adverse storage conditions i.e., high humidity and 

temperature for specific periods of time. This test is able to 

provide information with a high degree of consistency, and 

the biochemical changes during these artificial ageing 

conditions are assumed to be similar, if not identical, to those 

during natural ageing, and the difference being only the speed 

at which these changes occur. 

Onion seeds exhibit very poor longevity after harvest and lose 

its viability within 1-2 years (Khan et al., 2004) [24] resulting 

in poor germinability with less vigour and posing serious 

economic loss to the onion industry. Besides, onion seeds take 

more time (10 to 14 days) to germinate under normal 

conditions and it may further enhanced up to 30 days when 

under suboptimal conditions of temperature. Crusty soils can 

reduce plant numbers especially where seed vigour is not 

strong. Therefore, invigouration of poor quality onion seeds is 

of prime importance. The present investigation was performed 

to understand the effect of accelerated ageing and subsequent 

osmopriming on physio-biochemical attributes of germinating 

onion seeds. 

Materials and Methods 

Accelerated Ageing (AA) treatments 
Healthy and uniform seeds of Yellow globe onion were 

obtained from the division of Vegetable Science, SKUAST-

Kashmir and divided into four lots of 1000 seeds. Each seed 

lot was kept in plastic boxes and placed in a seed germinator 

(SCIENOCRAFT) at 45±2°C temperature and 100% relative 

humidity for 0 (A0) 48 (A1), 72 (A2) and 96 (A3) hours to get 

the seeds with different degree of deterioration. After 

specified periods of exposure, seeds were removed from the 

seed germinator and air dried under shade until their original 

moisture content (8.5%) was achieved.  

 

Osmopriming (OP) treatments 

Each lot of artificially-aged (AA) seeds was again divided 

into four sub-lots having 250 seeds in each. Osmopriming 

(OP) of artificially aged seed lots were done using -1.5MPa 

solution of PEG 6000. Amount of PEG required to prepare 

the osmotic solution of -1.5MPa was calculated with the help 

of equation I (given by Michel, 1973) [31]. 

 

 
 

Where C is Poly Ethylene Glycol concentration, T is 

temperature (°C). 

 

Each lot of deteriorated onion seeds achieved through AA 

was again divided into four sub-lots having 250 seeds in each 

and submerged in aerated solutions of PE G6000 (-1.5 MPa) 

using 100ml beakers by maintaining seed to solution ratio of 

1:5 (w/v). Seeds submerged in osmotic PEG solution were 

incubated in a B.O.D at 25±2°C temperature for 0 (P0), 24 

(P0), 48 (P0), and 72 (P0) hours. After the specified periods 

of time, seed samples were removed from the B.O.D., rinsed 

in tap water and shade dried to original moisture level (8.5 

percent). 

The seeds were then surfaced sterilized in a 1:10 (v/v) dilution 

of commercial hypochlorite bleach for 10 min and rinsed 

several times with distilled water. Four replicates of 50 seeds 

from of 16 sub-lots were placed in petri dishes (14.0 cm dia) 

lined with ten layers of Whatman No.1 filter paper moistened 

with 40 ml of distilled water and kept in seed germinator at 

25±2°C temperature for germination. The experiment was 

arranged in factorial manner following completely 

randomized design (CRD). 

 

Observations recorded 

Germination was observed daily according to the Association 

of Official Seed Analysts method (AOSA, 1990) [2] until a 

constant count was achieved. A seed was considered as 

germinated when the radicle emerged emerged out of seed 

coat (Sedghi et al., 2011) [46]. Germination percentage (GP) 

was calculated using equation-II (Ashraf and Abu-Shakra, 

1978) [5] 

 

GP = 
Total germinated seed after 12 days 

---- (II) 
Total number of seeds 

 

The shoot and root length were measured from the base of the 

hypocotyle to the tip of the primary leaf and root, 

respectively. The dry weight of the seedlings was also 

recorded and expressed in grams. Coefficient of velocity of 

germination (CVG) which gives an indication of rapidity of 

germination was calculated as per the equation III (Kader and 

Jutzi, 2004) [20]. 

 

CVG (%d-1) = 100×∑Ni/∑(Ni×Ti) ……… (III) 

 

Where, Ni is the percentage of germinated seed in day I; Ti is 

the sequence of day from sowing seed. 

First and second seedling vigour indices (SVI-I and SVI-II) 

were calculated using equation IV and V, respectively 

(Abdul-Baki and Anderson, 1973) [1]: 

 

 
 

 
 

Chlorophyll extraction was done following the method of 

Hiscox and Israelstam (1979) [17], using Dimethyl sulfoxide 

(DMSO) as extractant and the absorbance of the supernatant 

was recorded at 663, 645nm. Total chlorophyll content was 

determined by using the formula given by Arnon (Arnon, 

1949) [3] and expressed as mg g-1 of fresh leaf.  

 

 
 

Where, D = Absorbance specific wave length, V = Final 

volume of DMSO (ml), W = Weight of fresh leaf (g).  

The amount of total soluble sugars was estimated using 

phenol sulphuric acid method (Dubois et al., 1956) [11]. Five 

hundred mg of fresh leaf materials was kept in 10 ml of 

alcohol for 1 hour at 600C in incubator. Extraction of protein 
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from the shoot was done following the method of Bradford 

(1976) [7] using Bovine Serum albumin (BSA) as standard. 

Sairam (1994) [44] was followed for determining the shoot 

membrane stability index (MSI) in the sample (equation VII)  

Membrane stability index (MSI) = [1 - (C1/C2)] × 100 …(VII) 

 

Whereas, C1 is the EC of leachates obtained by heating the 

sample in double distilled water at 40 °C for 30 min and C2 is 

the EC of leachates obtained by boiling the same sample in at 

100 °C for 10 min. 

Malondialdehyde (MDA) content of shoots generated as 

product of lipid peroxidation was estimated according to 

Cakmak and Horst (1991) [8] following equation VIII. 

 

[MDA] = 6.45 × (A532 − A600) − 0.56 × A450 …….. (VIII) 

 

Where, A532, A600 and A450 represent the absorbance of the 

mixture at 532, 600, and 450 nm, respectively. 

The total antioxidant capacity of the plant extracts was 

measured by the method described by Prieto et al. (1999) [40]. 

The assay is based on the reduction of Mo (VI) to Mo (V) by 

the extract and subsequent formation of green phosphate/Mo 

(V) complex at acid pH. Data were subjected to the statistical 

analysis following analytical procedures as described by 

Gomez and Gomez (1984) [15]. Level of significance used for 

F; and t; tests were p< 0.05 from the Table given by Fisher 

(1970) [13]. 

 

Results 

Accelerated ageing treatments significantly decreased the 

germination from 85.56 percent in control (A0) to 75.02, 

53.60 and 12.66 percent in 48 (A1), 72 (A2) and 96 (A3) hours 

of ageing treatments, respectively (Table 1). In contrast, seed 

osmopriming with -1.5MPa of PEG 6000 improved 

germination percent from 51.91 in control (P0) to 55.62, 59.46 

and 59.84 in 24 (P1), 48 (P2) and 72 (P3) hours of priming 

duration. However, percentage of seed germination due to 48 

hours of osmopriming was in fact statistically at par with 72 

hours of osmopriming. Two-way interaction of the treatments 

(A×P) clarified that two factors in combinations also exert 

significant influence on seed germination percent which 

varied from 11.30 (A3×P1) to 89.27 (A0×P3). Different 

durations of artificial ageing treatments with no or zero hours 

priming showed a germination percent value of 82.24 

(A0×P0), 70.63 (A1×P0), 45.30 (A2×P0) and 9.50 (A3×P0) but 

they were found to increase up to 89.27 (A0×P3), 77.37 

(A1×P3), 58.30 (A2×P3) and 15.40 (A3×P3). 

Accelerated ageing of different durations also caused a 

decrease in shoot and root length of onion seedling measured 

at 20 days after sowing (Table 1). A maximum shoot and root 

length were recorded as 5.94 and 4.83cm which were found to 

decrease as 4.63 and 4.59cm, 3.94 and 4.70cm, and 2.93 and 

2.99cm, respectively due to 48, 72 and 96 hours of ageing 

treatments. However, reduction in shoot length due to ageing 

was statistically non-significant. Seed osmopriming with -

1.5MPs solution of PEG6000 resulted in an increase in both 

shoot as well as root length but the increase in root length was 

non-significant. Highest increase in shoot length (4.41cm) 

was recorded with 72 hours of priming duration which was 

statistically at par with 48 hours of priming. Interaction 

effects of ageing and priming (A×P) revealed that A0×P0 

resulted in maximum shoot length of 4.2cm compared to the 

recorded shoot length of 3.57, 2.63 and 2.30cm in A1×P0, 

A2×P0 and A3×P0, respectively. Likewise, interaction of 

different ageing treatments with 48 hours of priming (A0×P2, 

A1×P2, A2×P2 and A3×P2) showed highest shoot length of 

7.50, 5.30, 5.30 and 3.40cm compared to interaction of 

different ageing treatments with other priming durations. 

Interaction effect of different ageing and priming durations, 

however, was found as non-significant.  

Findings on seedling dry biomass (Table 2) clarified that 

accelerated ageing treatments significantly reduced the 

seedling dry biomass from 21.18mg/seedling in un-aged seeds 

to 20.25, 17.98 and 15.84 mg/seedling by 48, 72 and 96 hours 

of ageing treatments. In contrast, osmopriming treatments 

with -1.5MPa solution of PEG 6000 were found to increase 

the seedling dry biomass from 17.65 mg/seedling in un-

primed seeds to 18.53, 19.9 and 19.38 mg/seedling in 24, 48 

and 72 hours of priming duration, respectively. Interaction 

accelerated ageing and priming (A×P) additionally stipulate 

that ageing treatments markedly reduced the seedling dry 

biomass and gone from 20.30mg/seedling (A0×P0) to 

14.20mg/seedling in 96 hours of aged seeds (A3×P0). 

However, osmopriming of aged seeds caused a significant 

increase in seedling dry biomass and the maximum 

(22.40mg/seedling) was recorded with (A0×P3) followed by 

A0×P2 (21.30mg/seedling), A0×P1 (20.70 mg/seedling) and 

A0×P0 (20.30mg/seedling).  

Accelerated ageing treatment of different durations adversely 

affected the seedling vigour indices (SVI) (Table 2) measured 

in terms of SVI-I and SVI-II. A SVI of 18.12 (SVI-I) and 

921.5 (SVI-II) recorded with A0 (control) were gone down to 

2.01 (SVI-I) and 75.0 (SVI-II) in 96 hours of accelerated 

ageing treatments (A3). SVIs were found to increase due to 

different priming durations with -1.5MPa of PEG 6000. The 

maximum improvement in seedling vigour indices (SVI-I and 

SVI-II) was observed with 48 hours of priming treatments 

with absolute values of 11.71 and 580.3, respectively as 

compared to seedling vigour indices values of 9.16 and 389.8, 

respectively. Interaction of ageing and priming treatments 

also explained that ageing treatments declined both SVI-I and 

SVI-II from 16.69 and 756.6 to 13.84 and 610.2, 7.47 and 

300.3, and 1.35 and 52.9, respectively due to 48, 72 and 96 

hours of ageing treatments. Conversely, osmopriming was 

found to enhance the seedling vigour indices significantly but 

osmopriming for 24 hours of duration was established as the 

most prominent among all other priming durations. 

Coefficient of velocity of germination (CVG) of onion seeds 

measured under varying degree of accelerated ageing showed 

(Figure 1) a decreasing trend with increased ageing intensity 

as A0 showed a CVG value of 43.78% day-1 compared to 

CVG values of 29.03, 17.45 and 9.00% day-1, respectively 

with 48 (A1), 72 (A2) and 96 (A3) hours of ageing treatments. 

However, the average value of CVG (20.38% day-1) with P0 

got increased due to 22.90, 26.60 and 29.38% day-1 due to 24 

(P1), 48 (P2) and 72 (P3) hours of seed priming with PEG 6000 

of -1.5 bar strength. Two way interaction of the data also 

exhibited identical trends that showed CVG values of 39.20% 

day-1 (A0×P0), 22.80 (A1×P0), 14.60% day-1 (A2×P0) and 

04.90% day-1 (A3×P0) under different ageing treatments while 

as 72 hours of priming treatment (A3) showed better CVG 

under different degrees of ageing treatments with absolute 

values of 49.20% day-1 (A0×P3), 35.40% day-1 (A1×P3), 

20.20% day-1 (A2×P3) and 12.70% day-1 (A3×P3).  

Shoot chlorophyll content (Figure 2) of was found to decrease 

through increasing durations of ageing treatments. The 
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highest chlorophyll content (0.74mg.g.-1FW) was recorded 

with control (A0) which was decreased to 0.65, 0.47 and 0.19 

mg.g.-1 FW under 48 (A1), 72 (A2) and 96 (A3) hours of 

ageing treatments. As anticipated, the shoot chlorophyll 

content (0.44 mg.g.-1FW) of un-primed seeds (P0) was got 

intensified to 0.46, 0.53 and 0.62 mg.g.-1FW under 24 (P1), 48 

(P2) and 72 (P3) hours of priming durations. Decreased 

chlorophyll content due to accelerated ageing treatment had 

also been evident through interaction of ageing and priming 

treatments which showed the absolute chlorophyll values of 

0.62, 0.36 and 0.14 mg.g.-1FW under 48 (A1×P0), 72 (A2×P0) 

and 96 (A3×P0) hours of ageing treatments against a 

chlorophyll value o 0.64 mg.g.-1FW of chlorophyll in control 

(A0×P0). Interaction treatments also verified the encouraging 

effect of osmopriming on shoot chlorophyll content which 

caused significant improvement under different ageing 

treatments and highest values of 0.87, 0.71, 0.63 and 0.26 

mg.g.-1 FW were observed with A0×P3, A1×P3, A2×P3 and 

A3×P3 interactions, respectively. 

The values of soluble sugar and protein of onion seedling 

(Figure 3 & 4) got deprived in A1 (0.65 & 0.75%), A2 (0.51 & 

0.42%), A3 (0.32 & 0.27%) of ageing treatments compared to 

A0 (0.77 & 0.74%), while as different osmopriming 

treatments viz P1 (0.57 & 0.51%), P2 (0.60 & 0.57%), P3 (0.59 

& 0.61%) showed a recuperating trends over least values 

(0.49 & 0.50%) of both sugar and protein of non-primed seeds 

(P0). Interaction of accelerated ageing and osmopriming 

(A×P) showed the highest values of sugar and protein 

contents with A0×P3 (0.87 & 0.78%) followed by A1×P3 (0.68 

& 0.78%), A2×P3 (0.54 & 0.43%) and A3×P3 (0.36 & 0.34%). 

However, the least values of both sugar ans protein were 

recorded with A3×P0 (0.25 & 0.23%) followed by A2×P0 (0.44 

& 0.32%), A1×P0 (0.64 & 0.69%) and A0×P0 (0.64 & 0.79%). 

Individual effect of accelerated ageing treatments indicate 

(Table 3) that accelerated ageing treatments decreased MSI 

values from 44.09% (A0) to 41.64 (A1), 34.93 (A2) and 

33.43% (A3) while increased the lipid peroxidation values 

from 08.90 μmol MDA.g-1 FW (A0) to 09.78 (A1), 11.12 (A2) 

and 12.39 (A3) μmol MDA.g-1 FW. However, different 

osmopriming treatments did not increase the MSI values but 

conversely, they were able to decrease the lipid peroxidation 

of seeds from 11.81 (P0) to 10.86 (P1), 10.08 (P2) and 9.43 

(P3) μmol MDA.g-1 FW. It is also evident from the interaction 

data that two factors in combination (A×P) influenced the 

MSI and lipid peroxidation wherein respectively, highest and 

lowest values (46.81% & 07.53 μmol MDA.g-1 FW) were 

recorded with A0×P3. However, the lowest value of MSI 

(31.67%) and highest value of lipid peroxidation (13.16 μmol 

MDA.g-1 FW) were recorded with A3×P2 and A3×P0, 

respectively.  

Findings presented in table 3 also revealed that seedling anti-

oxidant capacity increased from 40.50 mg GAE.g-1 DW (A0) 

to 51.00 mg GAE.g-1 DW due to relatively lower degree of 

ageing (A1). However, further intensification of ageing 

treatments (A2 and A3) decreased the antioxidant capacity to 

42.50 and 33.75 mg GAE.g-1 DW. Anyway, osmopriming 

treatments with PEG 6000 (-1.5MPa) was found to build up 

the antioxidant capacity from 38.00 mg GAE.g-1 DW (A0) to 

41.25, 43.00 and 45.50 mg GAE.g-1 DW in A1, A2, A3, 

respectively. Interaction of A×P, however, resulted in highest 

antioxidant capacity of 52.0 mg GAE.g-1 DW with A1×P2 and 

A1×P3 followed by A1×P0 (47.0 mg GAE.g-1 DW) and A0×P3 

(46.0 mg GAE.g-1 DW) against the minimum antioxidant 

capacity (29.00 mg GAE.g-1 DW) observed with A3×P0.  

 

 
 

Fig 1: Effect of accelerated ageing of seed and subsequent priming on coefficient of velocity of seed germination (% day-1) in onion 
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Fig 2: Effect of accelerated ageing of seed and subsequent priming on total chlorophyll content (mg-1.FW) of onion seedlings 
 

 
 

Fig 3: Effect of accelerated ageing of seed and subsequent priming on leaf soluble sugar content (%) of onion seedlings 
 

 
 

Fig 4: Effect of accelerated ageing of seed and subsequent priming on leaf protein content (%) of onion seedlings 
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Table 1: Effect of accelerated ageing of seed and subsequent priming on seed germination and seedling growth in onion 

 

Treatments 
Seed germination attributes 

Final germination (%) Shoot length (cm) Root length (cm) 

Individual effects of accelerated Ageing (A) 

00 hours – A0 85.56 (9.3) 5.94 (2.61) 4.83 (2.40) 

48 hours – A1 75.01 (8.71) 4.63 (2.36) 4.59 (2.35) 

72 hours – A2 53.60 (7.38) 3.94 (2.20) 4.70 (2.38) 

96 hours – A3 12.66 (3.68) 2.93 (1.72) 2.99 (2.05) 

CD (0.05P) 0.049 NS 0.125 

Individual effects of osmopriming (P) 

00 hours – P0 85.56 (9.3) 5.94 (2.61) 4.83 (2.40) 

24 hours – P1 75.01 (8.71) 4.63 (2.36) 4.59 (2.35) 

48 hours – P2 53.60 (7.38) 3.94 (2.20) 4.70 (2.38) 

72 hours – P3 12.66 (3.68) 2.93 (1.72) 2.99 (2.05) 

CD (0.05P) 0.049 0.29 NS 

Interaction effects of accelerated ageing and osmopriming (A × P) 

A0 × P0 82.24 (9.12) 4.27 (2.29) 4.93 (2.43) 

A0 × P1 83.33 (9.18) 5.50 (2.54) 4.33 (2.30) 

A0 × P2 87.40 (9.40) 7.50 (2.91) 5.20 (2.48) 

A0 × P3 89.27 (9.50) 6.50 (2.73) 4.87 (2.42) 

A1 × P0 70.63 (8.46) 3.57 (2.13) 5.07 (2.45) 

A1 × P1 74.37 (8.68) 5.23 (2.49) 4.90 (2.42) 

A1 × P2 77.67 (8.86) 5.30 (2.50) 4.40 (2.32) 

A1 × P3 77.37 (8.85) 4.40 (2.32) 4.00 (2.23) 

A2 × P0 45.30 (6.80) 2.63 (1.90) 4.00 (2.23) 

A2 × P1 53.50 (7.38) 3.50 (2.12) 5.37 (2.52) 

A2 × P2 58.30 (7.70) 5.30 (2.50) 5.03 (2.45) 

A2 × P3 57.33 (7.63) 4.33 (2.30) 4.40 (2.32) 

A3 × P0 09.50 (3.24) 2.30(1.81) 3.27 (2.32) 

A3 × P1 11.30 (3.50) 3.60 (2.14) 3.23 (2.05) 

A3 × P2 14.47 (3.93) 3.40 (2.09) 2.90 (1.96) 

A3 × P3 15.40 (4.04) 2.40 (1.84) 2.57 (1.88) 

CD (0.05P) 0.49 0.083 NS 

 

Table 2: Effect of accelerated ageing of seed and subsequent priming on seedling dry biomass and vigour indices in onion 
 

Treatments 
Seed germination attributes 

Seedling dry biomass (mg) SVI-I SVI-II 

Individual effects of accelerated Ageing (A) 

00 hours – A0 21.18 (4.70) 18.12 (4.26) 921.5 (30.36) 

48 hours – A1 20.25 (4.60) 15.19 (3.90) 691.6 (26.30) 

72 hours – A2 17.98 (4.35) 9.64 (3.10) 463.1 (21.52) 

96 hours – A3 15.84 (4.09) 2.01 (1.42) 75.0 (8.66) 

CD (0.05P) 0.018 0.38 1.33 

Individual effects of osmopriming (P) 

00 hours – P0 17.65 (4.30) 9.16 (3.03) 389.8 (19.74) 

24 hours – P1 18.53 (4.40) 10.31 (3.21) 495.6 (22.26) 

48 hours – P2 19.69 (4.54) 11.71 (3.42) 580.3 (24.09) 

72 hours – P3 19.38 (4.50) 11.60 (3.41) 500.9 (22.38) 

CD (0.05P) 0.018 0.38 NS 

Interaction effects of accelerated ageing and osmopriming (A × P) 

A0 × P0 20.30 (4.61) 16.69 (4.09) 756.6 (27.51) 

A0 × P1 20.70 (4.65) 17.25 (4.15) 819.1 (28.62) 

A0 × P2 21.30 (4.72) 18.62 (4.32) 1110.0 (33.32) 

A0 × P3 22.40 (4.83) 20.00 (4.47) 1015.0 (31.86) 

A1 × P0 19.60 (4.53) 13.84 (3.72) 610.2 (24.70) 

A1 × P1 20.60 (4.64) 15.32 (3.91) 753.4 (27.45) 

A1 × P2 20.60 (4.64) 16.00 (4.00) 753.4 (27.45) 

A1 × P3 20.20 (4.60) 15.63 (3.95) 649.9 (25.49) 

A2 × P0 16.50 (4.18) 7.47 (2.73) 300.3 (17.33) 

A2 × P1 17.43 (4.29) 9.33 (3.05) 474.5 (21.78) 

A2 × P2 19.57 (4.53) 11.41 (3.38) 602.2 (24.54) 

A2 × P3 18.40 (4.40) 10.55 (3.25) 500.5 (22.37) 

A3 × P0 14.20 (3.89) 1.35 (1.16) 52.9 (7.27) 

A3 × P1 15.37 (4.04) 1.74 (1.32) 77.2 (8.79) 

A3 × P2 17.30 (4.27) 2.50 (1.58) 91.2 (9.55) 

A3 × P3 16.50 (4.18) 2.54 (1.59) 76.5 (8.75) 

CD (0.05P) 0.026 0.55 1.88 
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Table 3: Effect of accelerated ageing of seed and subsequent priming on membrane characteristics during seed germination in onion 

 

Treatments 
Seed germination attributes 

MSI (%) MDA (μmol.g-1 FW) Anti-oxidant (mg GAE.g-1 DW) 

Individual effects of accelerated Ageing (A) 

00 hours – A0 44.09 (6.71) 08.90 (3.11) 40.50 (6.50) 

48 hours – A1 41.64 (6.52) 09.78 (3.25) 51.00 (7.19) 

72 hours – A2 34.93 (6.01) 11.12 (3.48) 42.50 (6.66) 

96 hours – A3 33.43 (5.84) 12.39 (3.65) 33.75 (5.96) 

CD (0.05P) 0.071 0.042 0.031 

Individual effects of osmopriming (P) 

00 hours – P0 38.40 (6.26) 11.81 (3.57) 38.00 (6.29) 

24 hours – P1 38.21 (6.27) 10.86 (3.41) 41.25 (6.48) 

48 hours – P2 38.06 (6.23) 10.08 (3.29) 43.00 (6.66) 

72 hours – P3 39.42 (6.33) 9.43 (3.21) 45.50 (6.87) 

CD (0.05P) 0.037 0.040 0.028 

Interaction effects of accelerated ageing and osmopriming (A × P) 

A0 × P0 42.08 (6.56) 10.54 (3.39) 37.00 (6.24) 

A0 × P1 43.00 (6.63) 08.82 (3.07) 37.00 (6.24) 

A0 × P2 44.45 (6.74) 08.69 (3.06) 42.00 (6.63) 

A0 × P3 46.81 (6.91) 07.53 (2.91) 46.00 (6.92) 

A1 × P0 42.03 (6.58) 11.21 (3.49) 47.00 (6.99) 

A1 × P1 41.50 (6.51) 10.54 (3.39) 43.00 (7.16) 

A1 × P2 40.70 (6.45) 08.82 (3.07) 52.00 (7.27) 

A1 × P3 42.33 (6.55) 08.55 (3.06) 52.00 (7.34) 

A2 × P0 34.17 (5.92) 12.32 (3.64) 39.00 (6.40) 

A2 × P1 33.60 (5.88) 11.21 (3.49) 42.00 (6.63) 

A2 × P2 35.40 (6.03) 10.52 (3.39) 44.00 (6.78) 

A2 × P3 36.53 (6.12) 10.44 (3.38) 45.00 (6.85) 

A3 × P0 35.03 (5.98) 13.16 (3.76) 29.00 (5.56) 

A3 × P1 34.73 (5.96) 12.88 (3.70) 33.00 (5.91) 

A3 × P2 31.67 (5.70) 12.30 (3.63) 34.00 (5.99) 

A3 × P3 32.30 (5.75) 11.21 (3.49) 39.00 (6.40) 

CD (0.05P) 0.11 0.081 0.104 

 

Discussion 

Seed germination percentage (GP) determines the crop stand 

establishment. Seed ageing and deterioration decreased GP 

and enhance the seed requirement that can be dropped off by 

improving the GP using various techniques of seed priming. 

A progressive decrease in seed germination due to increased 

duration of accelerated aging and healing effect of 

osmopriming have been reported through the present study. 

The possible explanation for declined seed germination due to 

ageing is reduced quality of seed due to lipid peroxidation 

and cell membrane damage (Barreto and Garcia, 2017) [6] that 

have also been observed in the present study. The increase in 

germination may be due to the activity of α-amylase due to 

osmopriming (Farooq et al. 2011; Lemmens et al., 2019) [12, 

28]. Amylases are key enzymes that play a vital role in 

hydrolyzing the seed starch reserve, thereby supplying sugars 

to the developing embryo. Ghassemi-Golezani et al. (2008) 
[14] stated that during seed priming, the embryo expands and 

compresses the endosperm. The compression force of the 

embryo and hydrolytic activities on the endosperm cell walls 

may deform the tissues that have lost their flexibility upon 

dehydration, producing free space and facilitating root 

protrusion after rehydration. The improved seed performance 

after priming has also been explained by completion of DNA 

repair during priming (Osborne, 1983) [39].  

Accelerated ageing of onion seeds tend to decrease root 

length, shoot length and seedling dry biomass where 

reductions were more with increased durations of ageing. On 

the other hand seed osmopriming with PEG 6000 (-1.5MPa) 

resulted in an increase in these attributes especially with 24 

and 48 hours of priming durations.). Decrease in seedling 

growth of various crops due of accelerated ageing has also 

been reported by earlier researchers; Govindraj et al., 2017; 

Mirmazloum et al., 2020) [16, 32]. Reduced seedling growth due 

to seed ageing is the consequence of declined seed reserve 

depletion percentage (Mohammadi et al., 2011) [34]. A better 

seedling growth in terms of root and shoot length and seedling 

dry biomass due seed priming treatments has also been 

supported by previous workers (Lemmens et al., 2019; 

Kanatas et al., 2020) [28, 22]. Improved seedling root and shoot 

length and seedling biomass might be due to earlier 

germination and emergence that stimulated seedling growth 

and vigour causing enhanced plant growth while as early 

emergence of primed seeds might be due to enhanced 

expression of germination metabolites such as amylase 

activity (Farooq et al. 2011) [12].  

The coefficient of velocity of germination (CVG) gives an 

indication of the rapidity of germination and reciprocal to the 

mean germination time. Thus CVG increases when the 

number of germinated seeds increases and the time required 

for germination decreases. Theoretically the highest CVG 

possible is 100 and this would occur if all seeds germinated 

on the first day (Jones and Sanders, 1987) [19]. Accelerated 

ageing of seeds greatly declined the CVG value that was 

found to deepen with increased ageing durations. In 

opposition, osmopriming of onion seeds with PEG6000 

(1.5KPa) brought about a constructive change in CVG which 

was further improved by increasing priming durations. The 

altered CVG values due to accelerated ageing as well as 

osmopriming could be attributed to the discrepancy in the 

synthesis of DNA, RNA and proteins (Waterworth et al., 

2019) [54]. Rapid ageing treatments have also been reported to 
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have negative effect on CVG of seed germination (Rastegar et 

al., 2011; Kumar et al., 2021) [41, 27]. Results of the present 

investigation with respect to osmopriming of seeds 

corroborate the earlier researches (Shahriari et al., 2014; 

Aryal et al., 2020) [47, 4]. 

Seedling vigour indices are taken as a measure of seed quality 

and can be worked out in two ways (i) seedling vigour index-I 

(SVI-I), also known as seedling length vigour index (SLVI) 

and (ii) seedling vigour index-II (SVI-II) which is also known 

as seedling weight vigour index (SWVI) (Abdul-Baki and 

Anderson, 1973) [1]. Results of the present experiment 

revealed that both SVI-I and SVI-II were declined with 

increasing duration of accelerated ageing whereas 

osmopriming treatments caused optimistic changes in these 

attributes. The pattern of seed weakening due to accelerated 

ageing or invigoration due to osmopriming was also validated 

in various interaction treatments of ageing and priming. 

Corroborating to the present study, previous studies have 

shown a significant reduction in SVIs owing to accelerated 

ageing treatments (Govindraj et al., 2017 [16]; Matera et al., 

2019) [16, 29] and enhancement due to osmopriming (Singh et 

al., 2017; Mirmazloum, et al., 2020) [49, 32]. Improved seedling 

growth and vigour by osmopriming with PEG may be 

attributed to increased cell division within the apical meristem 

and regulated plant growth through enhanced cell 

enlargement and cell division (Vanacker et al. 2001) [52]. 

The developing seedling of onions obtains nutrients from the 

endosperm by way of the cotyledon. In addition, the green 

cotyledon of onion functions as a photosynthetic leaf, 

contributing significantly to the food supply of the developing 

seedling. The photosynthetic potential of a plant is directly 

proportional to the quantity of chlorophyll present in the leaf 

tissue. Accelerated ageing of seeds greatly lowered the shoot 

chlorophyll content while as seed priming treatments 

comprehensively re-established the lowered chlorophyll 

content. The alterations in chlorophyll content were controlled 

through the duration of ageing as well as priming treatments. 

Decrease in chlorophyll content due to accelerated ageing of 

seeds might be because of the loss of nutrients from the seeds 

because of the membrane disintegration during ageing process 

(Kaewnaree et al., 2011) [21]. The declined chlorophyll content 

of aged seeds may also be attributed to the reduced 

biosynthetic potential for chlorophyll (ide) accumulation in 

comparison to those from un-aged seeds (Singh and 

Amritphale, 1993) [48]. Declined or improved chlorophyll 

contents due to seed ageing or priming, respectively have also 

been reported through earlier studies (Kanto et al., 2014; 

Khan et al., 2016) [23, 25]. 

Moori and Eisvand (2017) [35] reported that seed degradation 

after accelerated ageing is an indicator of the decrease in 

enzymatic activity and in total soluble protein content in 

wheat. High protein content in the seeds helps to support 

vigor and viability (Rejeendran et al., 2018) [42]. The 

oxidation in proteins contribute to the decrease in the seeds’ 

germination rate (Sano et al., 2016) [45]. Decrease in sugar and 

protein contents is considered as a common indicator and 

index of age-induced seed deterioration (Wang et al., 2018; 

Jiang et al., 2018) [53, 18]. In the present study, accelerated 

ageing treatments resulted in a significant decline of seedling 

sugar as well as protein content while as different 

osmopriming treatments showed recuperating trends of these 

constituents. Onder et al. (2020) [38] also reported a 

conforming decrease in seedling sugar and protein contents 

due to accelerated ageing of safflower seeds (Carthamus 

tinctorius L.). Decreased protein contents due to accelerated 

ageing of seeds may be associated with various cellular, 

metabolic and chemical alterations including chromosome 

aberrations and damage to the DNA, impairment of RNA and 

protein synthesis, changes in the enzymes and food reserves 

and loss of membrane integrity (Kibinza et al., 2006; 

Waterworth et al., 2019) [26, 54]. Earlier reports also clarified 

that accelerated ageing caused as significant reduction in total 

soluble sugar while the amounts of monosaccharides and 

disaccharides increase (Murthy et al., 2003) [37] and finally 

converted to reducing sugar. Reducing sugars can cause 

damage to DNA, RNA and changes the structure of proteins, 

reducing the viability (McDonald, 1999; Sun and Leopold, 

1995) [30, 51]. 

Deteriorative changes of living tissues are known to mediate 

chiefly through membrane disintegration which leads to 

metabolic dysfunction of the cells. Measurement of solute 

leakage from the seed tissue are used to estimate the damage 

to the cell membrane of seeds caused by ageing (Barreto and 

Garcia, 2017; Wiebach et al., 2019) [6, 55], which suggest that 

ageing has damaging effect on seed membrane resulting 

through lipid peroxidation and electrolyte leakage. Outcome 

of the experiment showed that different degree of seed ageing 

described a severe decrease in MSI coupled with a marked 

increase in malondialdehyde contents due to lipid 

peroxidation. Osmopriming of onion seeds showed significant 

reduction in malondialdehyde contents and thus lipid 

peroxidation. However, osmopriming did not show any 

constructive effect on MSI in the present study. Khan et al. 

(2004) [24] showed that onion (Allium cepa L.) seeds exhibit 

increased electrolyte leakage significantly with the ageing 

duration while the leaching from viable seeds (control) was 

negligible. Unlike the results of obtained in the present study 

with respect to osmopriming, most of the earlier studies 

showed an increase in membrane stability (lower electrolyte 

leakage) because of the osmopriming Kaewnaree et al. (2011) 

[21] described that malondialdehyde (MDA) was the major 

product of lipid peroxidation which was associated with an 

increase in total antioxidant activity when ageing was carried 

out. 

There was a significant increase in antioxidant activity during 

the initial periods of accelerated ageing. However it was 

decreased with increase in the periods of accelerated ageing. 

Conversely, seed priming indicated enhanced levels of these 

compounds and the activity further increased with increasing 

duration of priming. Barreto and Garcia (2017) [6] also 

reported an increased antioxidant activity (CAT and SOD) 

during initial periods of ageing treatment and then decreased 

when duration of ageing was enhanced. However, antioxidant 

activities (CAT and SOD) were found to decrease in three 

onion cultivars due to seed ageing (Demirkaya et al., 2010) 
[10].  
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