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ABSTRACT

This experiment include to evaluation of priming on seed germination of Marigold (Calendula officinalis).
Experiment carried out in randomized complete block design with three replications in 2008 at the Research
Laboratory of the University of Shahed, Iran. Treatments were (control, PEG: Polyethylene glycol 6000 at -3,
-6 and -12 bar). Marigold seeds primed for 24 hour in treatments solution in room temperature and then
transferred to Petri dish for germination. Analysis of variance for laboratory data showed that priming
significantly improved germination percentage, radicle and shoot length, seedlings weight and germination rate,
compared to control. Germination percentage, radicle and shoot length and germination rate for seeds primed
with PEG (-3 bar) was higher than those for unprimed seeds but seedling weight was statistically similar. Thus,
priming with PEG solution could be used as a simple method for improving seed germination of Marigold in
the Laboratory.
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Introduction

Marigold (Calendula officinalis) as an important
medicinal plant has been cultivated and adopted in
most area in Iran. Seeds are most important factors
in existence and proliferation of plants and their
quality define plants productivity in agricultural
ecosystems. Thus characterization of decreasing
factors of seed quality and applying methods in order
to optimizing these characteristics are managements
that can improve productivity of crops. Germination
and seedling establishment are critical stages in the
plant life cycle. In crop production, stand
establishment determines plant density, uniformity
and management options [6]. In arid and semi-arid
environments, the water needed for germination is
available for only a short period, and consequently,
successful crop establishment depends not only on
the rapid and uniform germination of the seed, but
also on the ability of the seed to germinate under

low water availability [11]. However, if the stress
effect can be alleviated at the germination stage,
chances for attaining a good crop with economic
yield production would be high [3].

Strategies for improving the growth and
development of crop species have been investigated
for many years. Seed priming is a pre-sowing
strategy for influencing seedling development by
modulating pre-germination metabolic activity prior
to emergence of the radicle and generally enhances
germination rate and plant performance [4,32].
During priming, seeds are partially hydrated so that
pre-germination metabolic activities proceed, while
radicle protrusion is prevented, then are dried back to
the original moisture level [21].

Various prehydration or priming treatments have
been employed to increase the speed and synchrony
of seed germination [4]. Common priming techniques
include osmopriming (soaking seeds in osmotic
solutions such as polyethylene glycol), halopriming
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(soaking seeds in salt solutions) and hydropriming
(soaking seeds in water). Osmopriming contributes to
significant improvement in seed germination and
seedling growth in different plant species. Seeds of
tomato and asparagus (Asparagus offcinalis)
osmoconditioned in -0.8 MPa PEG-8000 showed
increased germination under saline media [25].
Osmotic priming to improve seed germination
performance may also enhance general crop
performance. osmoconditioning of Italian ryegrass
(Lolium multiflorum) and sorghum (Sorghum bicolor)
seeds with 20% PEG-8000 for 2 d at 10°C increased
germination percentage, germination rate, seedling
establishment and dry matter production under water
stress, water logging, cold stress and saline
conditions [15].

This simple, low-cost, low-risk intervention also
had positive impacts on the wider farming system
and livelihoods and the technology has proved highly
popular with farmers [13,14]. Its value has already
been shown for many crops, for example wheat
[13,26]; chickpea [23,18], maize [3], mungbean [27],
pigeon pea [17], sunflower [19] and Barley [1].

This research was conducted to investigate the
effects of osmo-priming on seed germination of
Marigold.

Materials and Methods

In this research, seed of Marigold (Calendula
officinalis) which is commonly grown in Iran, was
used. Seeds were pre-treated with a mixture of
benomyl and thiram fungicides at a rate of 3.3 g/kg,
in order to control possible fungal contamination
during priming. Seed sample was divided into two
sub-samples. One of the sub-samples was considered
as control (unprimed) and the other sub-samples was
prepared for priming treatments.

Seed priming

Seeds of were pretreated with Polyethylene
glycol 6000 (PEG) at concentrations of -3, -6 and -
12 bar [22] for 24 hours. Priming treatments were
performed in an incubator adjusted on 20±1°C under
dark conditions. After priming, samples of seeds
were removed and rinsed three times in distilled
water and then dried to the original moisture level.

Laboratory germination:

Three replicates of 25 seeds were transferred to
Petri dish. Seeds were allowed to germinate at
10±1°C in the dark for 21 days. Germination was
considered to have occurred when the radicles were
2mm long. Germinated seeds were recorded every 24
h for 21 days. Rate of seed germination (R) was
calculated according to Ellis and Roberts, [10].
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Where n is the number of seeds germinated on day
D, D is the number of days counted from the
beginning of the test and R is mean germination rate.
At the end of germination test (21 days), roots and
shoots were cut from the seedling and then dried in
an oven at 75±2°C for 24 hours. The dried radicle
and shoots were weighted to the nearest milligram
and the mean radicle and shoot dry weight and
consequently mean seedling dry weight were
determined.

Experimental design

Laboratory tests were carried out at the Seed
Technology Laboratory of Shahed University, Iran,
using randomized complete block (RCBD) design
with 3 replicates. Analysis of variance (ANOVA) of
the laboratory was carried out, using SAS software
(SAS, 2001). Excel software was used to draw
figures. Means were compared by applying Duncan
test at 5% probability.

Results and Discussion

Analysis of variance showed that the effect of
osmotic priming treatments on all measuring
characters were significant (Table 1).

Mean comparisons of studding characters wholly
showed that priming with osmotic potential of
solution, increased amount of the characters. Result
showed that priming seeds with solution of -6 (bar)
produced the higher germination percentage,
compared to ther seed treatments (Figure 1). Mean
comparisons of priming treatment for germination
rate showed that priming treatment in contrast to
control, has the higher germination rate. The highest
germination rate was obtained for seeds primed with
peg (-6) bar (Figure 1). Probably high osmotic
potential (-12 bar) does not let seed absorb required
water for starting metabolic activities and probably
production of oxygen free radical at this condition
can also damage cell membrane thus advantage effect
of priming disappears. Whereas suitable conditions of
osmotic priming with PEG in wild rye resulted in
higher Super Oxide Dismotase (SOD) and Proxidase
activity ultimately resulted in higher germination rate
[16].

Priming with peg -6 bar produced the largest
root and shoot, compared to control (fig 1). About
Pinus sylvestris and Larix deciduas seeds, it was
reported that priming with PEG+ 200 mg kg -1

gibberlic acid (GA3) resulted in appreciably higher
free radical contents than in unprimed control sample
[24]. Seed priming had significant effect on seedling
weight and the highest seedling weight was obtained
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for seeds primed with peg (-12) bar. Seedling weight
was statistically similar for primed with solution of
-6 (bar) and unprimed seeds (Figure 1). Enzymes
such as amylase, protease and lipase have a great
role in initial growth and development of embryo.
Every increase in activity of these enzymes results in
faster initial growth of seedling therefore its
establishment improvement result in higher yield. As
Singh et al. [30] reported that osmotic priming of
muskmelon with PEG result in higher amylase and
dehydrogenase activity and germination rate in saline
condition increased.

Several works have shown the improvement in
seed performance after priming. This includes
increasing seed germination rate [28], uniformity [5]
and seedling growth [20]. This improvement is a
consequence of physiological changes during the
priming process which affects protein [31,12] enzyme
[8,33], DNA [2] and RNA [7,9] synthesis and
activity.

By results of this experiment, we can conclude
that suitable priming can result in higher germination
indices.

Fig. 1: The effect of osmotic priming treatments on germination percentage (a) germination rate (b) radical
length (c) shoot length (d) seedling weight (e) of marigold (Duncan range test). 

Table 1: Analysis of variance for seed priming effects on marigold seed germination 
Source of variation Degree of freedom Germination percentage Germination rate Radicle length Shoot length Seedling weight
Treatment 3 0.25** 0.02** 3** 6.1** 0.000004**
Error 8 0.0005 0.0005 0.07 0.2 0.0000002
CV (%) 3.7 7.4 13 12 10.7
**significant at p% 0.01, CV= Coefficient of variation 
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