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ABSTRACT

The effects of humidification, considered to be rapidly increased seed germinability and vigor in cockscomb (Celosia argentea
var. cristata L.) seeds, were explored. Seed germination percentage, vigor, germination speed and seed content leakage were
studied in relation to humidification process. Humidification greatly increased the final germination percentage, germination
speed and decreased the time taken to 50% germination. Stabilization in seed content leakage was associated with the
increased membrane repair mechanism. Germination percentage was increased upto 100%, after humidification treatment, and
germination speed increased significantly (P < 0.05) from 23.16 (7 days priming) to 31.06 germinated seeds per unit day
(control). Seed content leakage remained unchanged even after 7 days of humidification. Increased germinability and seedling

vigor were associated with the function of membrane repair mechanism in seed cells.
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INTRODUCTION

Cockscomb (Celosia argentea var. cristata L.) is
among the most popular summer flowers, and considered an
ideal for garden display. Successful cultivation of the flower
depends on quality of seeds such as viability, vigor and
storage potential etc. The deterioration is common
physiological process during prolonged storage of seeds,
wherein seed membrane degradation and accumulation of
inhibitors occurs, resulting in low field emergence and loss
of viability. Seed germination can be enhanced with several
treatments such as humidification (Finnerty et al., 1992;
Pijlen et al., 1996), hydro-priming (Rudrapal & Nakamura,
1988), osmotic priming (Dell’Aquilla & Tritto, 1990) and
alternate hydration-dehydration (Nath et al., 1991). Many
workers have attempted to increase the seed germination
capacity and vigor by using different priming treatments in
various field crops (Brocklehurst & Dearman, 1983; Rao, et
al., 1987; Bray et al., 1989; Sivritepe & Dourado, 1995;
Harris, 1996; Lee & Kim, 1999).

Once sown, seeds spend significant amount of time to
absorb water from the soil, by reducing this time seeds can
be made ready to germinate and seedlings emerge more
quickly. The easiest possible way to achieve this is the seed
priming treatment. Seed priming or preplant seed treatments
for example osmoconditioning,  matriconditioning,
rehydration and humidification can be employed to reduce
the duration required to germinate, to synchronize
germination and to improve the germination rate in
laboratory and field emergence of low quality seeds (Khan,
1992). So humidification can be used as priming tool
because any treatment which arrests seed germination could
possibly be used as priming treatment (Sivritepe &
Dourado, 1995).

Priming involve a period of controlled hydration of the
seeds to a point closed to, but before the emergence of the
radicle after which seeds are dried back to their initial
moisture content before sowing (Khan, 1992; Basu, 1994),
whereas humidification and aerated hydration differ from
priming in humidity density and specific duration (Thronton
& Powell, 1992; Pijlen et al., 1996). Humidification is a
pre-sowing hydration treatment in which seeds are
equilibrated under conditions of high humidity (Finnerty et
al., 1992; Pijlen et al., 1996; Suzuki & Khan, 2001).

Although the mechanism of pre-plant seed treatments
is not fully understood, it has been observed that the
physiological and biochemical changes occur during the
seed treatment. The compound starch grains in the
endosperm disintegrate into tiny starch granules and o-
amylase activity of the seeds was extremely high after
priming treatment (Lee & Kim, 1999). It could be allowed
for seeds to develop the germination sequence immediately
before germination. This would be the basis for germination
improvement of the primed seeds (Lee & Kim, 1999). In
most of the cases seeds have lost their quality when they
reach to the farmer but primed seeds may show increased
final germination percentage. The priming conditions had a
large influence on emergence and seedling vigor in sorghum
and argued that germination speed was an important
determinant of successful seedling establishment (Harris,
1996). Rapidly germinating seedlings could also produce
deep root system and better seedling establishment in many
field crops.

These studies were initiated to explore the effects of
saturated humidification at high temperature (45°C, to
obtain better moisture absorption rate) on seed germinability
and vigor (if any) in cockscomb (Celosia argentea var.
cristata L.) seeds.
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MATERIALS AND METHODS

Seed material. Experiments were conducted on six months
old, round and equal sized cockscomb (Celosia argentea
var. cristata L.) seeds. The seeds lots were obtained from
the collections of the Institute of Horticultural Sciences,
University of Agriculture, Faisalabad. Moisture content of
seed samples was recorded (ISTA, 1993). Seeds were
surface sterilized with 5% sodium hypochlorite solution for
10 minutes and rinsed with double distilled autoclaved
water (Mumford & Grout, 1979). The seeds were dried back
at 25°C+1 and stored in aluminum foil bags at 5°C until use.
Seed humidification treatment. Three lots of seed were
subjected to high humidification (100% R.H.) at 45°C (to
obtain better moisture absorption rate) for 3, 5 and 7 days in
a controlled chamber (Plant Growth Chamber, VINDON,
England). Following the priming (humidification) treatment,
seeds were removed according to predetermined intervals
and the moisture content was recorded. The seeds were air
dried at 25°C+1 under shade until their original moisture
content was restored (Basra et al., 2002).

Germinability and vigor tests. Germination was observed
daily at 23°C+2 according to ISTA (1993) and performed on
five replicates of 25 seeds each. The seeds were incubated
on top of moist Whatman No. 1 double filter papers in 9 cm
Petri dishes at 23°C+2 in growth chamber under white
fluorescent light. Water availability was checked daily and
topped-up as necessary. The seedling radicle length was
recorded at 23°C+2 after every 48 h time interval. The
percentage germination and seed germination speed at
23°C+2 after every 24 h were calculated by the following
formula derived by Kotowski (1926).

>n
Z(nan)

Where, n = number of seedlings germinated on day (D).

Dn = number of days from sowing to corresponding to n.
The time to get 50% germination (T50) was calculated

by following formula proposed by Coolbear et al. (1984)

and physically worked out in Fig. 4

Germination speed = x100

(N+1)/2+n; (

T =t + t; —t.
50 = 4 _(m)_J |)

Seed content leakage. Membrane permeability of treated
and untreated seeds was studied by recording the electrical
conductivity of seed leachates following the method of
Khan et al. (2003). Twenty replications of single seed from
each treatment were soaked in 0.5 mL deionized water for
24 h at 25°C+1. The electrical conductivity of seed-steep
water was recorded by using digital Nikon EC meter. All
the observations were made after 3, 6, 12, 18 and 24 h of
soaking in water.
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RESULTS AND DISCUSSION

Moisture content. The moisture content of the cockscomb
seeds rose to 13.20% in 7 day primed seeds compared to
control (5.86%). While the moisture contents of 3 day and 5
day treatments were 6 and 8.92%, respectively. This
increase in the seed moisture content was possibly due to
the moisture absorption from the saturated atmosphere
(100% R.H.).

Mean germination percentage. Germination percentage
was increased upto 100% after 7 days of priming treatment.
There was a linear relationship between priming treatment
and final germination percentage. It was 78% in control and
86, 89 and 100% in 3, 5 and 7 day treatments, respectively
(Fig. 1). Similar findings were recorded in pea seeds by
Sivritepe and Dourado (1995). This increase in the
germination percentage may be attributed due to RNA and
protein metabolism as enhanced by priming (Khan et al.,
1978). So priming can be prerequisite to increase seed
germinability (Hurly et al., 1989). The priming treatment
showed significant (P < 0.05) effect on seed germination
percentage as compared to control.

Seedling vigor. Seed radicle length was measured to
determine the seedling vigor. After every 48 h of

Fig. 1. Effect of artificial priming on germination
percentage of Celosia argentia seeds
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germination, radicle length was recorded as described by
Khan et al. (2003). Radicle length was significantly (P<
0.05) increased after 7 day of priming. It increased upto 3.2
cm in 7 day treatment compared to 2.51 cm (control) while
the radicle lengths of 3 and 5 day treated germinating seeds
were 2.79 and 3.1 cm, respectively (Fig. 2). The radicles of
properly primed germinating seeds have shown faster
growth than non-primed germinating seeds in rice seeds
(Lee & Kim, 1999). So it may be postulated that priming
has increased the vigor of cockscomb seedlings. Sivritepe
and Dourado (1995) stated that changes in the activities of
such enzymes as esterase, phosphatase and 3-phospho-
glyceraldehyde dehydrogenase suggest that metabolism of
seed storage materials as carbohydrates, fats and proteins
may underlie the increased germination and vigor induced
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Fig. 2. Effect of artificial priming on the radicle length
of Celocia argentia
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by priming.

Germination speed. Germination speed is a direct measure
of seed vigor. Priming treatment increased the germination
speed significantly (P<0.05); it means larger number of
seeds were germinated per unit day compared to the control
treatment. Results showed that the germination speed of 7
day was the fastest (31.06 germinated seeds per unit day)
and that of control was the lowest (23.16 germinated seeds
per unit day) (Fig. 3). This indicates that priming has
positive effect on speeding up the germination process.
Germination speed of 3 and 5 day primed seeds were also
directly proportional to the priming period, it was 25.40 and
26.13 germinated seeds per unit day for 3 and 5 day of
priming treatment, respectively. Vigorous seed lots have
more germination speed compared to non vigorous seeds
(Khan et al., 2003). These results are supported by the
earlier findings of Sivritepe and Dourado (1995) in pea
seeds.

Fig. 3. Effect of artificial priming on germination
speed of Celocia argentia seeds
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was a significant increase in the seed content leakage in
relation to soaking period in deionized water but it remained
stable in every treatment corresponding to each soaking
period. The seed content leakage after 24 h soaking period
was 14.52 mS/cm in all priming treatments and for 18 and
12 h were 12.72 and 10.04 mS/cm, respectively (Fig. 5).
This shows that EC increased with the passage of soaking
time but not affected by priming treatment. These findings
are in accordance with Basra et al. (2002). It means seed
membrane damage may be repaired during humidification
treatments that stimulated the germination percentage and
developed its vigor.

Biochemical studies on seeds showed that RNA and
protein metabolism are enhanced by priming suggesting that
this treatment makes available precursors utilized for
macromolecular synthesis (Khan et al., 1978). Cytological
examinations after seed priming showed decreased

Time to get 50% germination (T50). Results showed that  Fig. 4. Effect of humidification on time taken to 50%
all priming treatments significantly (P<0.05) reduced the germination

time to reach 50% of the total germination (Fig. 4). The
fastest rate of germination (calculated as time to get 50%
germination) was observed in the 7 day treatment (0.75
days) followed by 5 (1.2 days) and 3 day treatments (1.5
days). The T50 value of the control (non-primed seeds) was
the highest (1.7 days). Similar findings were previously
described by Simak (1976), Thanos et al. (1989) and
Sivritepe and Dourado (1995) who described that priming
treatments increased the final germination and the rate of
germination i.e. decreased the germination time. Lee et al.
(1998) stated that time to obtain 50% germination level and
uniform germination decreased upto 4 days when primed.
A faster T50 was observed in rice seeds after priming
treatment (Lee & Kim, 1999).

Seed content leakage (EC). Membrane permeability of
treated and untreated seeds was studied by recording the
electrical conductivity of the seed leachates after 3, 6, 12,
18 and 24 h of soaking in deionized water. The EC of seed-
steep water remained constant (14.52 mS/cm) after 24 h
observations, even after 7 day treatment. Although there

50% mean germinated seeds
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frequency of visible chromosomal aberrations whilst the
increased percentage of germination (Sivritepe & Dourado,
1995). The o-amylase activity was higher in primed rice
seeds compared to non-primed seeds. This higher a-amylase
activity of primed seeds may be related to the higher sugar
content (Lee & Kim, 1999). All such biochemical studies
have demonstrated that enzyme activities are enhanced after
priming and this suggests that there was no degradation in
seed components. This strengthens our findings on seed
electrical conductivity which remained constant throughout
experiment.

Stabilization in seed content leakage in cockscomb
seed is possibly associated with the increased membrane
repair mechanism. Seed content leakage remained
unchanged even after 7 days of priming. Increased
germinability and development of vigor were associated
with the function of membrane repair mechanism in cells.
Priming has been identified as a possible treatment which
arrests germination and facilitates repair of cell membranes
damages. The relative effectiveness of the priming treatment
in restoring the vigor of stored seeds is expressed by
increased germination, as previously reported Dell’ Aquila et
al. (1984). In general, fast germination is accompanied by
high protein synthesis in germinating embryos (Sivritepe &
Dourado, 1995). Roberts (1981) has sproposed that the
repair system in lettuce may be operative at seed moisture
content as low as 16%. This moisture content is easily
attained by moisture equilibrium of lettuce seeds with a
water saturated atmosphere i.e. 100% humidity (Basu et al.,
1979). Evidence that the deleterious effects of storage in
seeds may be reversed during subsequent priming
(rehydration) has been reported previously (Villiers &
Edgcumbe, 1975).

In conclusion, the results of the present study suggest
that priming of cockscomb seeds at 100% relative humidity
level at 45°C is a better treatment to increase the percentage
germination, germination speed and decrease the time to get
50% germination. The results also suggest that this led to
possible repair of cell membrane damage during treatment.
But further work is needed to ascertain that what and when
the repair takes place and what is the best duration of
priming for cockscomb seeds to further enhance the
germination speed, TS0 and cell membrane repair
mechanisms. The present study confirms previous
suggestion made by Rao (1986), working with lettuce, that
priming treatments before sowing seeds for regeneration
accessions should be recommended as a general practice in
gene banks (especially when the seed has gone considerable
storage). This treatment is not only useful for regeneration
purposes but also reduces the incidence of heritable genetic
damage which is manifested as mutational physical
expressions.
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