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Abstract

Priming is a technique which enhances seed quality and has a wide range, from increasing germination 
efficiency to increasing plant productivity. In this study, the effects of priming treatments on rapeseed seed 
longevity under different storage conditions were investigated. Seeds of ‘Dk-xpower’, ‘Hayola50’ and ‘Traper’ 
rapeseed cultivars were given hydropriming and osmopriming pre-treatments. Hydro- and osmoprimed seeds 
and non-primed (control) seeds with 6 and 9% MC were aged at 15, 25, 35 and 45°C and their viability was 
evaluated after different periods of time. The results indicated that there were significant differences between 
the cultivars in response to priming treatments and storage conditions. Priming treatments affected both 𝐾𝑖 and 𝜎, thus improving initial quality as well as seed lifespan. Hydropriming was more effective than osmopriming 
in improving longevity, although the response was not always consistent across storage conditions and cultivars.

Key words: hydropriming, oilseed rape, osmopriming, seed longevity, seed storage behaviour

Experimental and discussion

Seed priming is a popular seed enhancement technique. Studies in a wide range of species 
including vegetable, cereal and grass crops have shown that seed priming can increase the 
percentage, uniformity and speed of seed germination, seedling emergence, and seedling 
vigour (Copeland and McDonald, 2001). Priming can also improve plant performance 
under a wide range of environmental conditions especially after exposure to environmental 
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stresses, as seen in tomato (Dahal and Bradford, 1990), rice (Hussien et al., 2017), wheat 
(Tabassum et al., 2017) and a range of other species (Nawas et al., 2013). Increased seed 
vigour, an improvement in germination and seedling emergence characteristics, improved 
crop indices and increased yield by various priming treatments have also been reported 
for oilseed rape (Basra et al., 2003; Abdolahi et al., 2012).

In contrast to the generally positive effects of priming on seed germination 
characteristics, there are many contradictions regarding the effects of priming on seed 
longevity. Some researchers have found that priming treatments reduce seed lifespan 
(Gurusinghe et al., 2002; Schwember and Bradford, 2005; Hill et al., 2007), while 
others have shown that priming improves seed storage capacity (Dearman et al., 1986; 
Wechsberg, 1994; Butler et al., 2009). These, contradictory findings can restrict the use 
of priming treatments in agricultural practices (Hussain et al., 2015).

The impacts of various priming techniques on seed longevity are often investigated by 
rapid tests (e.g. accelerated ageing and controlled deterioration tests), even though wrong 
conclusions may be drawn from these tests in some cases (Schwember and Bradford, 
2010). In the present study therefore, the effects of priming on the longevity of seeds 
of rapeseed cultivars were evaluated through seed storage experiments at 15, 25, 35 and 
45°C, and 6 and 9% moisture content.

The study was conducted during 2017-2018 at the Seed Research Laboratory of 
Gorgan University of Agricultural Sciences and Natural Resources, Iran. Seeds from 
three rapeseed cultivars, ‘Dk-xpower’, ‘Hyola50’ and ‘Traper’ were used. These cultivars 
are common commercial cultivars in Iran. The seeds were provided by the Agricultural 
Management Center, Gorgan. Seeds were primed either with water (hydropriming) or 
with sodium chloride solution (osmopriming). For hydropriming, seeds were immersed 
in distilled water at a ratio of 1 g seeds per 5 ml water for 12 hours at 20°C with aeration 
(air pump). The air was moistened by bubbling through water (Nascimento, 2003). 
Osmopriming was performed on the same basis, except that the seeds were treated with 
a sodium chloride (NaCl) solution with electrical conductivity of 14 dS m-1 for 16 hours. 
After priming, seeds were dried under room conditions (23-25°C and 30% RH) until they 
reached their initial weights.

The initial seed moisture content (SMC) was determined based on fresh weight. To 
determine SMC, three replicates of 1 g seeds were weighed before and after drying at 
103°Ϲ for 17 hours. The moisture content of both primed and non-primed seeds (control) 
was then adjusted to 6 and 9% by adding the appropriate volume of distilled water to 
reach the desired SMC. Seeds were transferred to 50 × 25 mm air-tight moisture-proof 
containers and placed at 10°C for 24 hours for moisture equilibration within the seed 
sample for each treatment. Finally, the seeds were stored at 15, 25, 35 and 45°C. 

Seeds held at 15 and 25°C were stored for up to eight months and seeds held at 35 and 
45°C for up to four months. Sampling for germination tests was carried out at different 
intervals, depending on storage conditions. Germination tests were performed as three 
replicates of 25 seeds each for each treatment. Seeds were placed on a single layer of 
filter paper in 90 mm-diameter Petri dishes and moistened with 5 ml distilled water. For 
germination, Petri dishes were incubated at 20°C for eight days and radicle emergence by 
2 mm or more in length was considered as “germination”. 
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Probit analysis of the number of germinating seeds at each sampling time was carried 
out using GenStat, to fit the following equation:𝑣 = 𝐾𝑖 − 𝑝/𝜎
where 𝑣 is the viability [normal equivalent deviates (NED)] of a seed lot stored for the 
period 𝑝 (d), 𝐾𝑖 is the initial seed lot viability (NED) and 𝜎 is the standard deviation of the 
distribution of seed deaths in time (days) (Ellis and Roberts, 1980). Approximate F-tests 
were used to evaluate whether survival curves could be constrained to common estimates 
of 𝜎 or to common estimates of 𝐾𝑖 and 𝜎 across treatments within a cultivar and storage 
environment (moisture content and temperature). Approximate F-tests were also used to 
determine whether survival curves could be constrained to common estimates of 𝜎 across 
the different cultivars (control seeds only). Predicted values of 𝜎 were obtained using the 
seed viability constants module of the Seed Information Database (Royal Botanic Gardens 
Kew, 2019). 

There was some evidence that 𝜎 varied between the three cultivars based on control 
seeds, but the variation was only significant (survival curves could not be constrained to 
common slope) at 6% MC, 45°C and 9% MC, 35°C. Control seeds also showed significant 
departure from the predicted relationship between 𝜎 and storage temperature; this effect 
was more pronounced the lower the temperature and for seeds at 6% MC (figure 1). 

In some storage environments, 𝜎 was affected by the priming treatment, but the effect 
was not consistent across cultivars, moisture content and temperature. Thus, priming both 
increased and decreased seed lifespan (𝜎). Hydropriming improved the lifespan of ‘Traper’ 
seeds at 6% MC, 45°C and at 9% MC, 35°C (figure 1C, F); of ‘Dk-xpower’ seeds at 6% 
MC, 35°C (figure 1A); and of ‘Hyola50’ seeds at 9% MC, 35°C (figure 1E). Conversely, 
seed lifespan decreased following hydropriming when seeds were stored at 6%, 25°C for 
‘Hyola50’ and ‘Traper’ cultivars (figure 1B-C). When there was a significant difference 
in seed lifespan between osmoprimed and control seeds, the effect of osmopriming was 
generally to reduce seed lifespan (figure 1A-C, E, F). Butler et al. (2009) suggested that 
the differences in response of a seed lot to different priming treatments could be due to 
differences in the molecular and biochemical responses of the seeds.

Estimates of 𝐾𝑖 varied between cultivars; it was generally higher for ‘Traper’ seeds 
and the lowest for ‘Dk-xpower’ seeds (figure 2). Where it was not possible to constrain 
to a common estimate for 𝐾𝑖 across priming treatments, the estimate was generally the 
highest for hydroprimed seeds: e.g. for ‘Hayola’ and ‘Traper’ seeds at 6% MC and 25 
and 35°C (figure 2B-C); and for ‘Dk-xpower’ seeds at 9% MC and 25 and 35°C (figure 
2D). On the other hand, osmopriming led to both increased and decreased initial quality 
(𝐾𝑖) compared with the control seeds (figure 2). Negative effects of priming treatments 
on 𝐾𝑖 emphasises the fact that the initial viability of a seed lot placed into storage may be 
reduced, even if the subsequent lifespan of the viable seeds is increased. 

During priming, germination-related metabolic activities such as efficiency of ATP 
metabolism, RNA and protein synthesis, faster embryo growth, antioxidant system 
activation, DNA repair and mitochondrial metabolism become more dynamic (Chen and 
Arora, 2013; Paparella et al., 2015). Butler (2009) noted increased repair activity during 
priming can enhance seed lifespan, and hence that priming can have a rejuvenating effect 
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and overcome damage due to deterioration. However, the maintenance of DNA integrity 
and the DNA repair activity during rehydration represents fundamental requirements for 
desiccation tolerance (Ventura et al., 2012). Since priming sometimes reduces desiccation 
tolerance (Sliwinska and Jendrzejczak, 2002), it can also show harmful effects on seeds. 

Priming treatments are also able to increase 𝐾𝑖, but to various degrees in different 
cultivars and under different storage conditions (figure 2). Increase in initial seed viability 
(𝐾𝑖) may be due to repair activity in seeds that would otherwise be unable to germinate. 
However, enhanced metabolism may ultimately reduce the storage capacity of the seeds. 
As it can be seen, priming increased 𝐾𝑖 and decreased 𝜎 at 6% MC, 25 °C (figures 1B, C 
and 2B, C). Overall, active metabolism can also include some catabolic and deteriorative 
activities, which reduce seed longevity and quality. 

Those aspects of seed quality which are gained during the final stages of maturation 
drying may be the first ones to be lost during seed ageing. However, priming can overcome 
damage (Butler et al., 2009). The priming benefits can be due to repair activities, to 
create “priming memory” and cope with subsequent stress and active metabolism, and 
harmful effects can be explained by reducing desiccation tolerance which eventually leads 
to susceptibility of the seed lot to ageing (Ventura et al., 2012; Chen and Arora, 2013). 
Powell et al. (2000) suggested that priming improved the storage potential of low vigour 
seeds through repair of previously sustained deterioration during seed ageing. In contrast 
priming of high vigour seeds led to advancement of germination and reduced longevity. 
Finally, it is concluded that priming usefulness for increased seed longevity may depend 
on cultivar and on the initial condition of the seed lot. To increase the commercial 
efficiency of this valuable technique, more long-term studies are needed on the effects of 
various priming techniques and factors which affect this treatment.
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