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Abstract

The effect of physiological and biochemical changes were studied in seeds of TNAU tomato hybrid (CO-3) exposed to accelerated
ageing for a period of 10 days and investigated for speed of germination, per cent germination, shoot, root length, dry matter production
and biochemical attributes viz., free amino acids (FAA), electrical conductivity (EC), volatile aldehydes production - seedling length
bio assay (BA), dehydrogenase (DH) and peroxidase (POD) activity against untreated control (fresh) seeds. E.C., FAA and BA were
negatively correlated with speed and percentage germination, root/shoot lengths, dry matter production, DH and POD activity. Speed
of germination was highly and positively correlated with per cent germination (0.923), root length (0.971), dry matter production
(0.940), dehydrogenase (0.776) and peroxidase activity (0.676) and it was negatively correlated with free amino acid content (-0.990)

and electrical conductivity (-0.936).
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Introduction

Storing of seed is a serious problem in tropical and subtropical
countries like India where high temperature and relative humidity
may greatly accelerate seed ageing resulting in loss of vigour
and viability (Layek et al., 2007; Pati and Bhattacharjee, 2011).
Invariably all crops seeds require storage for one or more
planting season, during such period the deterioration is inevitable
(Coolbear, 1995). Seed ageing is an irreversible process and the
physiology of seed ageing is not well understood (McDonald,
1999). Among the several factors responsible for seed ageing
viz., genetical, mechanical damage, relative humidity and
temperature of the storage environment, seed water content,
presence of microflora and seed maturity are prominent. The
rate of loss of seed viability is mainly a function of temperature
and seed moisture content (McDonald, 1999). Many hypotheses
have been proposed regarding causes of seed ageing such as free
radicals mediated lipid peroxidation, inactivation of enzymes
or decrease in proteins, disintegration of cell membranes and
genetic damage (Priestley, 1986; Smith and Berjak, 1995; Walters,
1998; McDonald, 1999; Murthy et al., 2003). Degradation and
inactivation of enzymes due to changes in their macromolecular
structures is one of the most important hypotheses proposed
regarding causes of ageing in seeds (Basavarajappa et al., 1991;
Kalpana and Rao, 1993; Salama and Pearce, 1993; Basra and
Malik, 1994; Goel et al., 2003; Bailly, 2004; McDonald, 2004
and Lehner et al., 2008).

Accelerated ageing is the most widely used stress test to predict
the storability of various crop seeds in short period (Younis et al.,
1990). The deterioration process of accelerated ageing condition
is same as that in natural ageing but only the rate of deterioration
is rapid. It increases catabolic changes at the cellular level
beyond the threshold of tolerance leading to lethality (Balraj et
al., 2001 and Ramanadane et al., 2004) and in several instances

reduced the emergence of the plumule and radicle in soybean
and barley (Chauhan et al., 1984) and in tomato (Argerich and
Bradfold, 1989). Deleterious effects of accelerated ageing on the
germination process are associated with the damage occurring
at the membrane, nucleic acid and protein levels (Fujikura and
Karssen, 1995) in cauliflower. Artificially aged seeds showed
an increase in lipid peroxidation and reduced the activity of
free radical scavenging enzyme (Kalpana and Rao, 1994 in
pigeon pea; Jeng and Sung, 1994 in peanut; Chiu et al., 1995
in watermelon; Hsu and Sung, 1997 in watermelon and Bailly
et al., 1998 in sunflower). The knowledge on physiological
and biochemical basis of seed deterioration is important for
its potential use in judging seed vigor. Hence, studies were
undertaken using accelerated ageing technique and its effects on
physiological, biochemical changes in tomato seeds.

Materials and methods

Seed material: TNAU tomato hybrid CO-3 seeds with 96%
germination and 8% moisture were used as base material for
this study carried out in the Department of Seed Science and
Technology, Tamil Nadu Agricultural University, Coimbatore.

Accelerated ageing test : Seeds (100 nos) were packed in
perforated butter paper bags with equal number of holes and
placed in a desiccator maintained at 100% RH and 40 + 1°C.
During the period of accelerated ageing, seed packets were
shuffled daily to ensure uniform exposure and the samples were
drawn daily upto 10 days and tested for seed quality characters.

Seed quality analysis: Aged seeds were subjected to germination
test outlined by ISTA (1999) with four replicates of 100 seeds each
in roll towel medium and evaluated for seed quality parameters
such as speed of germination, germination (%), seedling length
and dry matter production along with non aged seeds serving as
control. Number of seeds germinated with normal seedlings were
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counted at 14" day after sowing and expressed in percentage (%).
Seedling length was measured from the tip of primary leaf to the
end of primary tap root and expressed in cm. Dry matter production
was estimated by drying the normal seedlings at 80 °C and the
values were expressed as mg/10 seedlings.

Free amino acid content (ug 50 seeds?50 mL?): Fifty seeds
were soaked in 50 mL of distilled water in four replicates for 9 h
to obtain the seed leachate. One mL of 0.2 per cent Ninhydrin was
added to 1 mL of seed leachate and boiled for 15 min in a water
bath followed by cooling in running water and diluted to 10 mL
and the intensity of colour developed was measured in an Optima
UV-VIS spectrophotometer (Model SP-3000) at 620 nm against
a leucine standard curve and expressed in pug.50 seeds*50 mL™*
(Ching and Ching, 1964).

Electrical conductivity (dSm™): Fifty seeds from each treatment
were soaked in 50 mL of distilled water for 9 h in four replicates.
The seed steep water was referred as leachate. The electrical
conductivity of the seed leachate was measured in an electrical
conductivity meter and expressed as dSm* (Presley, 1958).

Seedling growth in bio assay test (cm): Bioassay of seed vigour
was done following the method of Sur and Basu (1990a) with
minor modifications. Desiccators were added with water to create
100 per cent RH and two petriplates of different size were kept
in such a way that one fit inside the other. In the inner petridish
high vigour jute seeds in 25 numbers were placed equidistantly
and in the outside petridish the tomato seeds of each treatment
were placed equidistantly in four replicates and the dessicator
was closed air tight. This set up was kept as such for 48 h and the
seedling growth as influenced by the treatment was measured and
the mean reported as seedling length in centimeter.

Dehydrogenase activity (OD): Twenty five seeds from each
treatment were soaked in water for 18 h in four replicates.
Ten embryos were separated and incubated in darkness with 5
mL of 0.2% TZ for 4 h. After incubation, the excess solution
was decanted and the embryos were thoroughly washed with
distilled water and surface dried with blotters. The formazon was
eluted by soaking stained embryos in 5 mL methyl cellosolve (2
methoxy ethanol) overnight and the OD measured using UV-
VIS spectrophotometer (Model SP-3000)at 470nm (Kittock and
Law,1968).

Peroxidase activity (OD 10 min): Two replicates of 500 mg
pregerminated seed samples were homogenised in 5 mL of 0.25
M Tris buffer (pH 6.0) and centrifuged at 10,000 rpm for 10 min
at 5 °C to extract enzymes. Pyrogallol solution (0.3 mL) was
added to 0.1 mL of enzyme. Spectrophotometer was adjusted to
read zero at 430 nm followed by addition of 0.5 mL of H,O, and
mixing. The change in absorbance was recorded every 30 seconds
up to 3 minutes in a spectrophotometer. One unit of peroxidase
is defined as the change in absorbance/minute at 430 nm (Malik
and Singh, 1980).

Results and discussion

Highest germination speed was observed for untreated control
(7.75). However with increase in ageing period there was gradual
reduction in speed of germiantion, the value recorded on 10" day
was (1.8) (Fig.1a). Accelerated ageing significantly decreased

germination ability of non-aged seeds (98 to 45%) (Fig.1b).
Similar trend was observed for shoot, root length and dry matter
production (Fig.1c).

Several researchers have reported cellular membrane degradation
through free radicals mediated lipid peroxidation and peroxidative
changes are the major cause of seed deterioration (Basra et al.,
2000; Stewart and Bewly, 1980). As seed quality declined, there
was a concurrent increase in the levels of FAA, EC, BA and
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Fig.1. Effect of accelerated ageing on speed of germination (1a),
germination percentage (1b), seedling length and dry matter production
(1c) in TNAU tomato hybrid CO-3
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0.06 5 0.5 decrease in enzymatic levels of DH and peroxidase. Peroxidase
a is an essential antioxidant enzyme that effectively scavenges
0.05- | .45 free radicals (Sung, 1996), upto a certain period of ageing. In
the present investigation, increase in free amino acid content
was directly related with concurrent rise in seed leachate and
volatile aldehyde production as well as decreased activity of
peroxidase and dehydrogenase enzymes as a result of membrane
integrity decline. The values recorded for untreated seeds were
0.014 %, 0.285 dSm, 2.02 cm, 0.644 (OD) and 0.636 (OD 10
min‘t) respectively for FAA, EC, BA, DH and POD. The lowest
values were observed for 10 days of accelerated aged seeds (Fig.
2a, 2b and 2c).
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- 0.25 Correlation studies also revealed that EC, FAA and BA were
Fresh 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th negatively correlated with speed and percentage germination, root,

Days after accelerated ageing shoot lengths and dry matter production, DH and POD activity.
2 Speed of germination was highly and positively correlated with
2b per cent germination % (0.923), root length (0.971), dry matter
production (0.940), dehydrogenase (0.776) and peroxidase activity
(0.676) and it was negatively correlated with free amino acid
content (-0.990) and electrical conductivity (-0.936) (Table 1).
The present results were in accordance with Basara et al. (2000)
in cotton and Kapoor et al. (2011) in paddy.

1.5 1

It could be concluded that accelerated ageing test is a very
suitable stress test and helps in predicting the seed vigour during
seed storage with a specific temperature, relative humidity for a
0.5 specific period of time. Further detailed studies may reveal the
pattern and mechanism responsible for seed ageing.
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n
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