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Improving the Germination of Celery Seeds
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ABSTRACT

The effect of the temperature, light and some growth regulators during imbibition phase on the seed germination of celery cv.
“Golden Boy” was studied. The inhibitory effect at relatively high temperature (25°C) well known as “thermo-dormancy” was
proven. In this condition, the germination was consistently improved by the use of gibberellin GA3 and 2-chloroethyl
phosponic acid. Also, the thermo-dormancy was partially removed by the use of light during the first 24 h at 25°C. These
results suggest that it is possible to enhance the germination of the celery seed under high temperature conditions by adopting
these treatments at the time of commercial sowing in cell trays.
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INTRODUCTION

In recent years, the trend in vegetable transplant
production is the growing of transplants in plug cell trays
(Romano et al., 2003). In celery (Apium graveolens var.
dulce (Mill.) Pers.) and others vegetables crops this
technique reduce seed costs improve seedling uniformity
and diminish the time from planting to harvest (Cantliffe,
1998). High temperature has a detrimental effect on celery
seed germination (Parera et al., 1993) causing thermo-
inhibition and affecting germination uniformity, seedling
number and optimum plant stands (Corral et al., 1989).
Temperature causing thermo-dormant changes varies with
the genotype and the position of the seed in the umbel of the
mother plant (Desai et al., 1996). Seeds collected from
primary and secondary umbellets have been reported to be
less dormant and germinate better than those from tertiary
and quaternary ones (Thomas et al., 1978). An increase of
celery seed germination in thermo-dormancy conditions
using light (Pérez Garcia et al., 1995), fluctuating
temperatures (Thompson, 1974; Corral et al., 1990) and
growth regulators (Thomas et al., 1975; Biddington &
Thomas, 1978; Bravo & Andrade, 1988) has been reported.
However, no study aimed to evaluate the practicable
application in mechanical systems of trays sowing. The use
of light is due to the existence of a phytochrome system
during the formation of the seed (Casal & Sanchez, 1998)
and activated after the hydration (Jain et al., 2004). The
phytochrome has two photo-interconvertible forms: R-
absorbing form (Pr) and the FR-absorbing form (Pfr) (Casal
& Sanchez, 1998). Both, Pfr and gibberellins are known to
promote seed germination of many species. The connection
between these two factors has been frequently reported in
the literature (Smith, 1995; Casal & Sanchez, 1998).

Alternating temperatures have been reported to
increase the rate of germination in celery (Thompson, 1974)
and spinach (Leskovar et al., 1999). In field environments,
daily or weekly temperature shifts from high to low
temperatures, causing changes in the dormant state of the
seeds and thus releasing seeds from thermal inhibition
(Leskovar et al., 1999). The application of growth regulators
is based on the possible existence of a hormonal balance
between promotors, like gibberellins and cytokines and
inhibitors, like abscisic acid (Desai et al., 1996; Casal &
Sanchez, 1998). Other growth regulator used in lettuce is the
ethylene (Nascimento & Paiva, 2000), possibly because the
most tolerant cultivars to thermodormancy produces more
ethylene at high temperatures (Nascimento et al., 2000).
This characteristic explains the existence of genotypes with
scarce dormancy (Wehner, 1999). Low temperatures could
be another alternative to improve the germination in celery
(Rock & Quatrano, 1995).

This study was therefore conducted to improve the
germination of celery seeds at high temperature using
different invigoration treatments.

MATERIALS AND METHODS

Seeds of celery variety 'Golden Boy' obtained from
Asgrow Vegetable Seeds Co. were used in the study. They
had an average weight of 0.285 + 0.080 mg (0.00001 oz.)
and were harvested the previous year. The experiment was
carried in a growth chamber with controlled temperature
and light. For germination, seeds were placed in petridishes
over three Wathman No. 3 filter paper covered with a plate
to diminish desiccation and previously moistened with 5 mL
distilled water or solution of growth regulator. The
treatments were: distilled water at 25°C as control (Ty);
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distilled water with light during first 24 h to 25°C (Ty);
distilled water at 6°C during 48 h and then at 25°C (T,);
gibberellin (GAs) solution at concentration of 90 mg L™
(ppm) at 25°C (T3) and gibberellin solution at concentration
of 90 mg L™ (ppm) and 2-chloroethyl phosponic acid
(Ethephon) solution at concentration of 200 mg L™ at 25°C
(T4). Except for T, all the treatments were placed in
darkness. A randomized complete-block design with three
replications for treatment was used. The experimental units
were petri dishes of 50 seeds. In T; the light was provided
using a lamp (OSRAM HWL, 250 W) placed 0.50 m over
the petri dishes whose main spectrum light emission is the
red (Bickford & Dunn, 1972). To determine the germination
a radicle protrusion of 1 mm (0.04 inches) was considered
(Khan et al., 2004) and was recorded each three days. The
germination percentage (G%) was calculated according to
the relationship among the number of germinated seeds (ni)
and the total (N = 50) and in each date the germination rate
@
ti:O ti
(Maguire, 1962), where ti are the time (d) from beginning of
the experiment.

(GR) was calculated with the equation TG =

RESULTS AND DISCUSSION

Table | shows the results of percentage germination
(%G) and Table Il the germination rate (GR) during the
experiment. The highest germination (> 80%) was reached
with the mix of gibberellins and ethephon solution (T,
treatment) (Table I). Germination rate (GR) measure the
speed of seeds germination during the experiment. The
highest GR was reached again with T, treatment (Table II).
However in the first days, the use of light (T1 treatment) and
gibberellins only (T; treatment) caused a early germination
than T4 treatment (Table I1). The poor germination obtained
with control treatment (Ty) (Table I & II) confirm the
existence of a dormancy induced by high temperatures (>

20°C), which been has already demonstrated previously
(Thomas, 1978; Salisbury, 1994). This thermo-inhibition of
celery seeds was associated with the accumulation of an
inhibitor, which could not to be abscisic acid (Whitlock,
1979). When gibberellins are included in the treatments (T3
& T4 treatments) a increase in the germination was obtained
(Table 1) probably due to a modification of the balance
between inhibitors and promotors. However, the mixture
with ethephon (T4 treatment) enhanced the percentage of
the germination according to the results already obtained by
Thomas (1978). The use of ethephon is especially important
in cultivars with high dormancy (Thomas, 1978). Although
the GA; gibberellins has proven to be effective in other
species (Soyler & Khawar, 2007) probably, a mixture of
gibberellins GA4J/GA; could have better results that GA;
gibberellins according to the exposed by Desai et al. (1996)
considering that to the same concentration GAJ/GA; were
more effective.

On the other hand, it should be considered that
cytokinins promote the penetration of gibberellins
(Pressman & Shaked, 1991). The light (T, treatment) caused
an increase in germination, which confirm the behavior of
positive  photoblastic of the celery seeds under
thermoinhibition conditions (Thomas et al., 1975; Smith,
1995). As in lettuce, the light probably has a qualitative
effect on the germination, while the exogenous gibberellins
a quantitative effect (Lewak & Khan, 1977). This may
suggest an increase of the germination when increasing the
gibberellins a synergic effect to its combination with light.
With cooling treatment (T,) the germination was higher
compared to the obtained with control treatment (T),
however the percentage and rate of germination were poor.
Possibly the use of low temperature (6°C) caused a partial
destruction of some inhibitor like abscisic acid (ABA)
(Khan, 1968). The high germination percentage obtained
with mix of the GA; and ethephon (T,) indicates the
convenience of their use under conditions of
thermodormancy. On the other hand, the seed soaked with

Table I. Effect of the treatments on the germination percentage of celery seed after 17 days

Treatment G*

To 140+20a
Tl 62.0+4.0d
T2 38.0+20b
T3 480+30¢c
T4 84.0+3.0e

Germination percentage mean + standard deviation. The letters represent mean separation within columns by Duncan test, P <0.05

Table Il. Effect of the treatments on germination rates during the experiment

Time (d)
Treatment 5 8 11 14 17
To 0.00 0.00a 0.22+0.006 a 0.23+0.007 a 0.41+0.020 a
T1 0.00 1.37+0.110d 145+0.174 ¢ 1.78 £0.107 d 1.82+0.073¢c
T2 0.00 0.12+0.006 b 0.18+0.011b 0.43+0.021b 1.12+0.056 b
T3 0.00 1.31+0.118¢ 1.39+.0.083¢ 140+0.070¢c 141+0.042¢c
T4 0.00 0.50+0.030 ¢ 1.54+0.138 d 235+0.117¢ 2.47 +£0.074d

Germination rates mean + standard deviation. The letters represent mean separation within columns by Duncan test, P < 0.05

68



HIGH TEMPERATURE EFFECT ON CELERY SEED GERMINATION / J. Agri. Soc. Sci., Vol. 3, No. 2, 2007

this solution instead of distilled water does not represent a
problem for sowing of trays with mechanical systems.
Further research is needed to determine: (a) minimum time
of seed soaking necessary with the solution of GA; and
ethephon and (b) if the partial drying of the seeds before of
the sowing affects the germination capacity.

CONCLUSIONS

The germination of celery seeds under high
temperature conditions can increase with hormonal
treatment during imbibition phase. With the use of mixture
of GA; and ethephon was obtained the highest percentage
and rate of germination in comparison with the use of
distilled water during seed imbibition. Also, the thermo-
dormancy was partially removed by the use of light during
the first 24 h at 25°C.
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