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SUMMARY

agronomists in the changing climatic conditions.

The effect of high temperature treatment on seeds of pea and soybean was investigated, taking the germination percentage,
moisture content, seed vigour index and changes in the guaiacol peroxidase enzyme activity in the temperature- treated and
control seeds of pea and soybean during the early stages of germination, as parameters of thermo-tolerance. Seeds could
withstand the effect of high temperature treatment up to 70°Cfor ten days continuously, retaining viability but high temperature
treatment reduced the rate of germination percentage, moisture content, seed vigour index aswell asincreased the production
of guaiacol peroxidase enzyme activity in order to protect the oxidative injury and heat-stress in the tissue of germinating
seeds/seedlings. The pea and soybean showed metabolic adaptations to tolerate heat-stress and this is very relevant to
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he experimental plants selected for the present study

are green pea (Pisum sativum L.) and soybean
[Glycine max (L.) Merr.], belong to family Fabaceae.
Pisum sativum and Glycine max are the domesticated
plants with the widest range of usesin both agricultural
and horticultural field. Soybean is the third largest oil
seed crop in India (Bhatnagar and Tiwari, 1991).

Viability is tested in terms of percentage of
germination. Seed viability denotesthe degreetowhicha
seedisalive, metabolically active and possesses enzymes
necessary for catalyzing metabolic reactions needed for
germination and seedling growth (Basara et al., 2002).
Cabrera and Boyd (1988) evaluated the effect of
temperature in the range of 50 to 70°C and moisture
content of 7.5 to 14.5% on germination of gin-run
cottonseed. They found that heat stress reduced the
viability and vigour at 70°C or higher. According to
Gelmond et al. (1978) the seed vigour means a high rate
of theoverall biological activities of the seed, resultingin
ahigh yield performance. They measured and predicted
seed vigour according to the rate of root emergence of
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germination or field emergence. Vigour represents the
potential ability of the seed to yield the maximum plant
product at the earliest time under variable environmental
field conditions.

When plants are subjected to environmental stress,
the balance between the production of reactive oxygen
speciesand the quenching activity of antioxidantsisupset
resulting in oxidative damage. Plantswith high levels of
antioxidants have been reported a greater resistance to
oxidative damage (Hernandez et al., 2001). The abiotic
stress such as high level of temperature and radiation,
salinity, drought etc. may causethe generation of oxidative
stress (Foyer and Noctor, 2000). The oxidative stressis
characterized by the over production of highly active
oxygen species (AOS), represented predominantly by
superoxide anion (O,)-, hydrogen peroxide (H,0,),
hydroxyl radical (-OH) and singlet oxygen (*O,). Plants
have defensive mechanisms and utilize several
biochemical strategiesto avoid damage caused by AOS.
Plant enzymatic defensesinclude antioxidative enzymes
such as peroxidases, superoxide dismutase and catalase
that promote the scavenging of AOS (Hernandez et al.,
2001). Peroxidaseiswiddly distributedinal higher plants
and protects cells against the destructive influence of
H,0, by catalyzing its decomposition through oxidation
into O, and H,O (Dionisio-Sese and Tobita, 1998;
Sudhakar et al., 2001). Active oxygen species and the
degree of damage depend on the balance between the
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formation of an AOS and itsremoval by the antioxidative
scavenging systems (Hernandez and Almansa, 2002). The
enzyme peroxidases are hem proteins that catalyze the
oxidation of asubstrate and the reduction of H,O,. Plant
peroxidases are typically glycoprotein of 30 to 60 KDa
(van Huystee, 1987). These enzymes may participatein
many processes of plant growth and defense (Gaspar et
al., 1982; Greppin et al., 1986).

In the present study, an attempt was made to study
the germination percentage, moisture content, seed vigour
index and changes in the guaiacol peroxidase enzyme
activity inthe high temperature- treated seeds of peaand
soybean during the early stages of germination.

MATERIALS AND METHODS

Seeds of pea (Pisum sativumL.) cv. BONEVILLE and
soybean [Glycine max (L.) Merr.] cv. SL. 525 were used
to study the thermo-tolerance as the germination
percentage, moisture content, and seed vigour index and
guaiacol peroxidase enzyme activity. Fromthe seed lots,
seeds having uniform size, colour and shape with intact
seed coats were selected and were subjected to
temperature treatments such as 50, 60 and 70°C for 10
days each.

Thetemperaturetreated and fresh, healthy, untreated
seeds, used as control were used for the present
investigation. Germination studieswere carried out inthe
Petridishesin etiolated condition and germination count
was taken daily up to seven days. Parameters like
germination percentage, moisture content and seed vigour
index (SV1) were calculated (ISTA, 1985; Copeland and
McDonald, 1995).

Germination studies were conducted by keeping the
imbibed seeds in the Petri dishes lined with moistened
filter paper and kept in darkroom and daily count of
germinated seeds was taken up to seven days. Radicle
emergence of 1 mm was scored as germinated and
germination percentage was calculated (ISTA, 1985).

Number of seeds germinated
Germination percentage =

= X
Total number of seed taken for
germination studies

Seed Vigour Index (SVI)

Thirty seedseach intriplicate from the control and
temperature treated seed lot were sampled and sown in
garden potsfilled with garden soil, sand and dry powdered
cow dungmixedin 2:1:1ratio. Daily count of germinated
seeds was taken and percentage of germination was
calculated. The seed vigour index was calculated
according to Copeland and McDonald (1995).
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VI - Number of seeds germinated on first count -
days of the count
. Number of seeds germinated on last count
days of the last count

Determination of peroxidase activity:

The peroxidase enzymewas extracted from the seed
samples of pea and soybean, control and temperature
treated dry seeds as well as from the cotyledons of
germinated seeds, sampled daily up to seventh day of
germination.

The chopped cotyledons of seedlings aswell asthe
powder of dry seeds were homogenized in 10 ml Tris
buffer (50 mM with pH 7.5), using a clean mortar and
pestle. Thehomogenatewas centrifuged at 16,000 x g at
0°Cfor 15 minutesin aKubota KR 20000 T refrigerated
centrifuge. The supernatant was collected and 2.0 ml of
10% trichloroacetic acid was added to 2.0 ml of
supernatant and kept for flocculation in an ice-bath for
one hour, for the estimation of soluble protein, in order to
determine the specific activity of the enzyme. The unit
activity of peroxidase enzyme was expressed as the
change in absorbance per minute per gram fresh weight
tissue. The rate of enzyme activity was measured by
oxidation of guaiacol in the presence of H,O,according
to the procedure given by Abeles and Biles (1991).The
method of Lowry et al. (1951) wasfollowed to estimate
the soluble protein.

RESULTS AND DISCUSSION

Seeds of P. sativum and Glycine max are orthodox
and the seed lots exhibited cent per cent germination.
When the seedswere subjected to temperature treatments
at 50, 60 and 70°C for 10 days continuously, the
germination percentage was decreased (Table 1). The
high temperature up to 70°C given to the seeds reduced
the germination percentage to 10% in pea and 17% in
soybean.

Viability of thetwo legume seeds, P. sativumand G
max wasinversely proportional to temperature and above
50°C, the germination percentage was below 50%. The
germination percentage declined to 10% from 33% when
the temperature was raised from 60°C to 70°C in pea
seeds. Soybean seeds exhibited higher resistance to
temperature stress with a higher germination percentage
and seed vigour index values than the pea seeds.

For the maintenance of cent per cent germination,
12.8% and 13.9% of moisture content were found to be
essential in pea and soybean seeds, respectively. When
the moisture content was reduced to 7.3% in pea and
8.7% in soybean at 60°C, the germination was reduced
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to 33% and 40%, respectively and this reduction in
germination is directly proportional to the temperature
(Tablel).

Viability of thetwo legume seeds, P. sativumand G
max wasinversely proportional to temperature and above
50°C, the germination percentage was below 50%. The
germination was found delayed in both the seed samples
subjected to temperaturetreatment and soybean exhibited
more seed vigour in samples treated at 70°C than those
of pea seeds.

Specific activity of peroxidase was measured
minimumin dry control seeds of P. sativumand wasfound
toincrease significantly in the cotyledons of one day old
seedlings(Fig. 1LA). No significant changein peroxidase
activity in the cotyledons of seedlingswashoticed upto 4
days. Butin 5 days old seedlings, asignificant increase
(p<0.01) was recorded and thereafter no significant
change was seen throughout the period of study.

Seeds treated at 50°C exhibited a significant (P <
0.05) increasein peroxidase activity than that of control
seeds. A significant increase in peroxidase activity was
observed in the cotyledons of one day old seedlings and
no significant changes were observed in the two
succeeding days. Thereafter, the activity was found to
increase in the cotyledons of 4, 5, 6 and 7 days old
seedlings and the increase was significant (P < 0.05) on
5" day. Similar pattern of peroxidase activity was
observed in the cotyledons of 60 and 70°C treated seeds.
Among the different temperature treatments, cotyledons
of 70°C treated seeds exhibited the highest peroxidase
activity.

In G max, the specific activity of peroxidase of
control seeds was very low on zero days and was found
to increase significantly on the first day of germination
(Fig. 1 B). No significant change in peroxidase activity
was noticed in the cotyledons of two days old seedlings,
but a continuous and significant increase was seen
afterwards.

The temperature treated seeds showed an increase
in peroxidase activity. The cotyledons of G. max seeds
treated at 50°C exhibited an identical trend as that of
control seeds. But in 60°C treated seeds the peroxidase
activity wasfound to increase up to 3 days old seedlings
and thereafter the changes were similar to that of 50°C
treated seeds. The peroxidase activity in the cotyledons
of seedlings of 70°C treated seeds showed a significant
increase throughout the period of study. Of the various
treatments, high peroxidase activity was observed in 70°C
treated seeds/seedlings of G max.

These experiments were conducted to compare the
thermo-tolerance in relation to germination percentage,
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moisture content, seed vigour index and guaiacol
peroxidase enzyme activity of pea and soybean seeds.
Seeds of Pisum sativum and Glycine max are orthodox
and the seed lots used in the present study exhibited cent
per cent germination. When the seeds were subjected to
temperature treatments at 50, 60 and 70°C for 10 days
continuously, the germination percentage was decreased.
The high temperature up to 70°Capplied to seeds reduced
the germination percentage to 10% in pea and 17% in
soybean. Asaconseguence of high temperature treatment,
reduction in germination has been reported in Solanum
nigrum seeds (Del Monte and Tarquis, 1997) and in
Raphanus sativum (Meng et al., 2003). Viahility of the
two legume seeds, P. sativum and G max is inversely
proportional to temperature and above 50°C; the
germination percentage is below 50%. In the present
study, soybean seeds showed higher resistance to
temperature stress with a higher germination percentage
and seed vigour than the pea seeds. The oil-rich nature
of soybean seeds can be correlated to these qualities
(Table 1).

In P. sativum and G max seeds, loss of viahility is
inversely proportional to temperature treatments as has
aready been reported by various authors (Ellis et al.,
1988; 1989; 1990; Sanheweand Ellis, 1996). Thisisalso
confirmed by the present author that temperature
treatment results in reduced germination with a
concomitant reduction in moisture content (Table 1).

According to Ellis and Roberts (1982) and Ellis et
al. (1990), the proportion of pea seeds germinated
normally in standard germination tests declined
progressively from 94 to 50% when the seedswere dried
from 14.8 to 3.7% moisture content at ambient
temperatures. Roberts (1973) opined that orthodox seeds
can be dried to low moisture contents without damaging
the embryo and their longevity increases with decrease
in moisture content during storage over awide range of
conditions. Contradictory to this view, drying at high
temperature leads to significant reduction of moisture
content and concomitant loss of viability in pea and
soybean seeds, plausibly dueto the continuous treatment
for 10 days at 50°C to 70°C (Table 1).

One of the important effects of high temperature
on plant tissue is production of highly reactive oxygen
species. Similarly peroxidase enzymeiswidely distributed
inal higher plantsand protectscellsagaingt thedestructive
influence of H,O, by catalyzingits decompositionthrough
oxidationinto O, and H,O (Dionisio-Seseand Tobita, 1998;
Sudhakar et al., 2001). The seeds of pea and soybean
subjected to temperature treatments showed an increased
peroxidase activity throughout the period of study (Fig. 1
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Table1: Effect of temperature on ger mination, moisture content and seed vigour index in Pisum sativum and Glycine max seeds

Fig. 1A : Effect of temperature on peroxidase activity in the

seeds/ seedlings of Pisum sativum

A and 1B). Thehighest peroxidase activity was observed
in 70°C treated seeds and seedlings of both the plants.
The increased peroxidase activity, proportional to the
increase in temperature is indicative of the tolerance of
both pea and soybean seeds towards temperature
treatments up to 70°C.

Peroxidase, catal ase and superoxide dismutase play
major roles in protecting cells from oxidative damage
(Scandalios et al., 1980). According to Bhattacharjee
and M ukherjee(2006), abiotic stresseslikeheat and salinity
during early germination of Amaranthus seeds may result
intheinduction of oxidative stressin germinating tissues,
which increases the vulnerability of newly assembled
membrane systems to oxidative damage. Resistance to
environmentally induced oxidative stress has been shown
to be associated with high levels of peroxidases (Zheng
and van Huystee, 1992; Scandalios, 1993; Tsang €t al.,
1991). According to Wiseand Naylor (1987), temperature
stress is an environmental factor that may cause “oxidative
injury”. Peroxidases probably play a key defense role
against peroxidative stress (Zheng and van Huystee,
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Seed Samples Treatments Germination percentage M o;trléreen?%gent Seed vigour index

Pisum sativum Control 100+ 0 12.8+1.68 21.7+0.99
50°C 67 £1.27 89+164 15.4+0.88
60°C 33+151 7.3+1.48 4.90+0.92
70°C 10.0+0.91 6.4+1.12 0.91+0.61

Glycine max Control 100+ 0 139+1.16 20.05+ 1.52
50°C 70+ 1.24 9.6+ 1.68 12.87+1.12
60°C 40+ 1.16 8.7+1.46 3.95+0.94
70°C 17 £0.92 6.8+ 0.95 1.50 + 0.61
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Fig. 1B :Effect of temperature on peroxidase activity in the

seeds/ seedlings of Glycine max

1992). Plants possess mechanisms to sense stress and
transduce these into a change in activity of different
classes of enzymes (Perl-Treves and Galun, 1991). The
coordinated induction of antioxidant enzymesin response
to environmental stress has been reported in plants
(Scandalios, 1990; Perl-Treves and Galun, 1991; Tsang
et al., 1991). The defensive role of peroxidase activity
against temperature stressis evidently shown by both pea
and soybean because even the seeds treated at 70°C
showed high peroxidase activity and agermination of 10%
and 17% in peaand soybean, respectively, indicating the
role of peroxidasesin ameliorating thetemperature stress.

Enhanced activity of peroxidasesisacharacteristic
feature of both pea and soybean seeds subjected to
temperature treatment. This served as a mechanism to
protect the tissue from the destructive effect of H,O,
generated as a consequence of high temperature
treatment.
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