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Amelioration of aged tomato seeds through nano sized 

organic particles 
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Abstract 
An investigation was carried out to study the physiological and biochemical changes during accelerated 

ageing and the effect of near nano size organic invigouration treatment on aged seeds of tomato. 

Treatments included were; two different particle size (normal and near nano) of three different organic 

powder (Annona leaf, Trigonella seed and Curcuma rhizome) solutions with different concentrations 

(0.10, 0.25, 0.5 and 1%) and soaking durations of 6 and 12 h were investigated against accelerated aged 

tomato seeds. Results revealed that seeds invigourated for 12h with 0.25 per cent near nano size 

Trigonella seed powder solution in double the volume of seed to solution ratio was performed better in 

all estimated parameters. 
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Introduction 
Tomato seeds can be stored for long time without losing their viability; however, the 

biochemical changes may occur while storing, ultimately leads vigour and viability loss. Seed 

ageing is an irreversible, degenerative physiological phenomena being little understood 

(McDonald, 1999) [18]. There are lots of factor responsible for seed ageing viz., genetics 

(Krishnaswamy and Seshu, 1989) [3], temperature and moisture content (McDonald, 2004) [19] 

of the storage environment, presence of micro flora, etc., and also many hypotheses have been 

proposed regarding causes of seed ageing such as lipid peroxidation mediated by free radicals, 

inactivation of enzymes or decrease in proteins, disintegration of cell membranes and genetic 

damage (McDonald, 1999; Murthy et al., 2003; Priestley, 1986; Smith and Berjak, 1995; 

Walters, 1998) [18, 20, 22, 24, 26]. Among which, inactivation of enzymes due to changes in their 

macromolecular structures is one of the most important hypotheses proposed regarding causes 

of ageing in seeds (Goel et al., 2003; Bailly, 2004; Lehner et al., 2008) [8, 1, 15]. Ageing of seeds 

cannot be reversed; the rate of ageing could be controlled upto a certain extent by subjecting 

seeds to invigouration treatments (Basu, 1994) [2]. Lot of seed invigouration treatments were 

developed to overcome seed deterioration, hydration & dehydration (Kapri et al., 2003; in 

Bhendi and Girase et al., 2007; in sorghum) [10, 7], Halogenation (Mandal et al., 2000) [17], dry 

permeation (Sengupta et al., 2005) [23] etc. 

Nanotechnology is a broad and interdisciplinary area of research and development growing at 

a rapid pace worldwide in the past few years. There are few research works on application of 

nano particles in seed science, especially in seed vigour. Zheng et al. (2008) reported that 

utilization of nano particles on spinach for studying the germination and growth of naturally 

aged seeds had indicated that the nano particles treatments with proper concentration 

accelerated germination of aged seeds and increased its vigour. Reports on nano particles to 

overcome seed deterioration are very scanty, that too in organic nano particles nil. Hence, 

present investigation was carried out to amelioration of aged tomato seeds through nano sized 

organic particles. 

 

Seed material 

TNAU tomato hybrid CO 3 with 96 % germination and 8 % moisture was obtained and 

subjected to accelerated ageing as prescribed by Delouche and Baskin, 1973 [6]. The marginal 

seed lot with 80 per cent germination obtained after 3 days of accelerated ageing was used as 

base material for invigouration studies. The laboratory studies were carried out in the 

Department of Seed Science and Technology, Tamil Nadu Agricultural University, 

Coimbatore, India. 
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Preparation of seed treating powders 

Normal powders 

Annona reticulata L. leaves were freeze dried at - 80oC (to 

preserve organic compounds present in the leaves) and 

crushed with pestle and mortar followed by grinding in a 

blender. Commercially available Trigonella foenum graceum 

L. seeds purchased from market and powdered. The fresh and 

broken rhizome of Curcuma longa L. was shade dried and 

break into small pieces and powdered. The powders collected 

from above mentioned organic powders were sieved using 

100 mesh sieve and stored in airtight container.  

 

Nano size powders 

The 100 mesh powders were ball milled (using lab model ball 

mill) for 1, 2 and 3h and sieved through 2.5 mesh sieve to 

obtain nano sized particles. 

 

Particle size analysis  

Normal size and near nano size samples (0.5 g) were 

dispersed in 10 ml pure water and sonicated for 5 minutes at 

1500 rpm. The size of the dispersed particles was measured 

using MALVERN, Zetasizer Ver.6.01 particle size analyzer. 

The Maximum distribution (93 %) of near nano size (100 – 

400nm) particles were observed at 1h ball milled samples 

with the average particle size of 390 nm and fixed optimum 

for experimentation (Fig.1). Whereas, the average particle 

size was larger (443.6 nm) in normal size powder (360 to 

4753 nm). 

Marginal seed lot was treated with two different size (normal 

size; 360 to 4753nm and near nano size; 100 to 400 nm) of 

three organic powder viz., Annona leaf powder, Trigonella 

seed powder and Curcuma rhizome powder solutions @ 0.1, 

0.25, 0.5 and 1% for 6 and 12 h with 1:2 seed to solution 

ratio. After soaking period, seeds were shade dried to obtain 

original moisture content (8%). The seeds treated as above 

were subjected to germination test with four replicates of 100 

seeds in paper towels. The test conditions were 25 ± 2oC and 

95 ± 5 per cent RH, illuminated with fluorescent light. After 

14 days the seed quality parameters were observed as 

prescribed by ISTA 2009. The best treatments were exposed 

to biochemical investigations. 

The procedures of the biochemical analysis followed were as 

follows: the electrical conductivity was measured as per 

(Presley, 1958) [21]; volatile aldehyde production as seedling 

length bio assay (Sur and Basu, 1990) [25]; free amino acids 

(Ching and Ching, 1964) [5]; peroxidase (Malik and Singh, 

1980) [16]; Dehydrogenase activity (Kittock and Law, 1968) 

[12]; Di Phenyl Picryl Hydrazyl test to measure the free radical 

scavenging activity of organic powders (Braca et al., 2001) [3].  

The experimental design was completely randomized design 

(FCRD) with four replicates of each 25 seeds. All data 

recorded were subjected to analysis of variance and when a 

significant (P < 0.05) F value assessed for treatment effects, a 

least significant difference (LSD) was calculated. Percentage 

data were arcsine transformed before analysis. 

 

Results and discussion 

Results revealed that seed invigouration treatments enhanced 

seed quality characters of aged seeds. Among all seed 

invigourations, seeds soaked for 12 h with 0.25% Trigonella 

seed powder solution performed better in all terms of seed 

quality characters. The percent increase was 10 and 46 % for 

germination (%) and seedling dry weight (mg 10 seedlings-1) 

over control (83%, 23.21 mg) and it was followed by 1% 

Annona leaf powder normal size for 6h (92% and 33.61mg 

respectively for germination and seedling dry weight). which 

was 9 % and 22 % increase over their respective control (83 

% and 23.21 mg) (Fig. 2 and Fig.3).  

Many biochemical investigations have proven that cellular 

membrane degradation by free radicals induced lipid 

peroxidation is the major causes of seed deterioration. As seed 

quality declined there was a concurrent increase in the levels 

of EC, BA, FAA and concurrent decrease in POX and DH. In 

the present investigation, increase in free amino acid contents 

was directly related with concurrent rise in seed leachate and 

volatile aldehydes production as well as decreased activity of 

peroxidase and dehydrogenase enzymes as a result of 

membrane integrity decline. The values recorded by untreated 

seeds were (0.336 dSm-1, 2.88 cm, 0.026 µg50seeds-150ml-1, 

0.488 OD10 min-1 and 0.421 OD respectively).  

The potent of nano particle powder was pronounced when 

seeds were treated with near nano size 0.25 % Trigonella seed 

powder solution for 12 h soaking recorded lower values for 

EC, BA, FAA (0.300 dSm-1, 1.16 cm, 0.019 µg50seeds-150ml-

1
 ) and higher values for POX and DH (0.526 OD10 min-1and 

0.468 OD respectively) and it was on par with 1% Annona 

leaf powder normal size solution for 6 h (0.304 dSm-1, 1.14 

cm, 0.021 µg50seeds-150ml-1, 0.517 OD10 min-1459 OD 

respectively) respectively for EC, BA, FAA, POX and DA 

(Fig.4). Seed invigouration treatments were very effective in 

maintaining membrane integrity as well as lipid peroxidation 

as evidenced by minimum values recorded for electrical 

conductivity, volatile aldehydes observed through bioassay 

test, free amino acids and higher enzymatic activity.  

The beneficial effect of Annona leaf and Trigonella seed 

powder solutions could be attributed with the presence of poly 

phenolics and flavonoids namely vitexin,tricin, naringenin 

and quercetin and also they are good source of antioxidants 

observed through DPPH free radical scavenging assay which 

revealed that Annona leaf powder possessed the highest 

radical scavenging activity (52%) followed by Trigonella 

(44%) and Curcuma rhizome powder (30%) (Fig.5) and also 

agreed by (Chandrashekar and Kulkarani, 2011) [4] for 

Annona, (Kaviarasan et al., 2007) [11] for Trigonella and 

Kumar et al. (2006) [14] for Curcuma. 

The poor performance of Curcuma when compare to Annona 

and Trigonella was attributed to Curcuma contains larger 

amount of curcumin (3%) and the least quantity of potential 

antioxidant ferulic acid and ρ – coumaric acids together (0.16 

%) that too in bound form as reported by Kumar et al. (2006) 

[14]. 

Though the maximum free radical scavenging activity was 

higher in Annona leaf powder over Trigonella seed powder, 

the performance of near nano size powder solution was higher 

over normal size powder solution was in agreement with 

Zhang et al. (2008) [27] in seed vigour of aged spinach. The 

entry of nano particles through cracks and crevices in seed 

coat (Senguptha et al., 2005) [23] or by higher solubility could 

help to maintain the membrane integrity and lipid 

peroxidation. 

The probable reasons for improvement in treated seeds might 

be their capacity to maintain the integrity of cell endowments 

necessary for triggering the germination events as suggested 

by Bailly et al. (2004) [1]. The results unambiguously 

underscore the effectiveness of seed invigouration technology 

in repairing aged seeds. Further, it was proved beyond doubt 

that invigouration duration and methods might be responsible 

for merits of invigouration. 
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Conclusion 
It could be concluded that tomato seeds treated either with 

0.25 % near nano size Trigonella seed powder solution for 12 

h or 1 % Annona leaf powder solution for 6h in double the 

volume of water improved seed vigour and viability of. 

 

  
 

Normal size (100 mesh)         One hour ball milled particles 

 

  
 

Two hour ball milled particles         Three hour ball milled particles 
 

Fig 1: Standardization of ball milling duration to obtaining nano particles of Trigonella Seed powder 

 

  
 

Normal size (360 to 4753nm)       Near Nano size (360 to 4753nm) 
 

Fig 2: Effect of organic invigouration on germination % of three days aged TNAU tomato hybrid CO 3 seeds. 
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Normal size (360 to 4753nm)        Near Nano size (360 to 4753nm) 
 

Fig 3: Effect of organic invigouration on seedling dry weight (mg 10 seedlings-1) of three days aged TNAU tomato hybrid CO 3 seeds 

 

  
 

Electrical Conductivity and Free Amino Acid      Bio Assay, Peroxidase and Dehydrogenase 
 

Fig 4: Effect of organic invigouration biochemical changes on of three days aged TNAU tomato hybrid CO 3 seeds 

 

 
 

Fig 5: Free radical scavenging activity (%) of organic powders 
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