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ABSTRACT---- Salinity as a major constrain of plant productivity affects growth and development at any stage of
growth cycle. Under saline conditions, rapid and uniform germination of plants would be necessary to achieve
enhanced quality and potential yield. In such situation, seed priming could be an important approach to increase
plant germination, growth and consequently yield. Priming is defined as seed presowing in solutions that allow them
to imbibe water to improve the first stage of germination; however, this prevents radical protrusion through seed coat.
Seed priming improves establishment in many plant species, and include hydro-priming, osmo-priming, halo-priming,
thermo-priming and hormo-priming. Overall, accelerated biochemical and physiological process such cell division
and starch hydrolysis, induced a-amylase activity, greater germination rate, less Na* and higher K* accumulation and
induced antioxidative system might be some mechanisms for salinity tolerance in primed plants. Since shortage of
water availability due to osmotic stress is the first phase in salt stress, so one of the major mechanisms for improved
germination and growth in primed seeds is accelerated water imbibition under saline conditions. In this paper,
different seed priming strategies are examined and comprised in different plants growing in saline conditions. Since
different types of seed priming have positive effects on germination, emergence, growth, yield as well as biochemical
traits and quality of plants, it seems that seed priming could be promising approach for improved salinity tolerance in
future world with changed climate. More researches on detail of seed priming for each agent is needed for each plant.
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Abbreviations: ABA- Abscisic acid, GA- Gibberellic acid, IAA- Indole-3-acetic acid, IBA- Indole-3-butyric acid, K*-
Potassium, Na*- Sodium, NAA- Naphthaleneacetic acid, PEG- Polyethylene glycol, SA: Salicylic acid

1. INTRODUCTION

Environmental stresses reduce the quality and quantity of agricultural production. In addition, abiotic stresses reduce
crop yield by 71%, which estimated that potential yield loss is 20% by salinity (Pirasteh-Anosheh et al., 2016b). Salinity
is a major factor limiting crop production in the world. Pirasteh-Anosheh et al. (2016b) believed that salt stress is one the
most important abiotic stresses that adversely affecting plant growth and development and crop yield. Many of scientists
and the experts believe salinity and drought are equally important in having adverse effects on plants and could not say
that one being more important than the other. However, the author believed salinity could be more important than
drought, because salinity can occur anywhere, even though the water resources are not limited.

Plants that grow on saline soils are encountered with soil solutions exhibiting diverse ionic compositions (ionic
effects): varying proportions of Na*, Ca?*, Mg?*, K*, SO4%, CO3%, HCO®* and CI- and other ions and a wide range in the
concentrations of dissolved salts (osmotic effect): concentrations fluctuate because of changes in water source, drainage,
evapotranspiration, hydrostatic pressures, etc. (Ashraf and Harris, 2004; Negrao et al., 2017). Ashraf and Harris (2004)
categorized the deleterious effects of salt stress on crop growth into osmotic stress, imbalance of ions, impact of specific
ions and a combination of these factors.

Salt tolerance is the ability of plants to grow and develop their life cycles in a medium containing high percentage of
soluble salts (Maas and Hoffman, 1977; Pirasteh-Anosheh et al., 2016b). Plants use extra biochemical and molecular
mechanisms to overcome salinity. The former appears to involve alterations in many biochemical pathways, while the
latter involves changes that protect major mechanisms such as photosynthesis and respiration (Parida and Das, 2005).
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Large body of researches have studied seed priming for improving seed germination and plant growth in saline
conditions, and there is a need to deduction of their results for better decision. Therefore, the aim of this study is
examination of different seed priming strategies and comparison in different plants that grown in saline conditions.

2. SEED PRIMING FOR HIGHER SALINITY TOLERANCE

Plants experience salt stress at different growth stages, such as germination, vegetative and reproductive growth.
Under stressful environments, rapid and uniform germination of crops, particularly of annuals, is necessary to achieve
enhanced quality and yield potential (Pirasteh-Anosheh et al., 2014). An important approach to increase crop yield under
salt stress is seed invigoration. Seed invigoration strategies include hydropriming, osmopriming, halopriming,
thermopriming and hormopriming. Plant establishment is improved by seed priming in many crop species. Priming is
defined as seed pre-sowing in solutions that allow them to imbibe water to improve the first stage of seed germination;
however, this prevents radical protrusion through the seed coat (Ellouzi et al., 2017).

3. HYDROPRIMING
In hydro-priming, seeds are soaked in water before sowing and this may or may not be followed by air-drying of the
seeds (Pill and Necker, 2001). Improvement in salt tolerance of plants following hydro-priming has been observed in
many studies. Hamidi et al. (2013) reported that the effect of hydro-priming on the germination percentage of wheat was
more than that of the other priming types. However, its effect on shoot height was equal to and on leaf area was less than
that of the other priming treatments. The mechanisms that improve plant growth and seed yield in saline or non-saline
conditions by application of this simple technique are not yet clear (Ashraf et al., 2008).

4. OSMOPRIMING

In osmo-priming (osmo-conditioning or osmotic conditioning), seeds are soaked for a certain time period in solutions
of sugars, polyethylene glycol (PEG), glycerol, sorbitol or mannitol followed by air-drying before sowing. The low water
potential of these solutions causes partial seed imbibition, then initial metabolic processes are activated; however,
germination does not proceed (Pill and Necker, 2001). Pirasteh-Anosheh and Hamidi (2013) reported that the percentage
of germination, radicle and seedling length in rapeseed (Brassica napus) was significantly affected by application of PEG
in seed priming. Seed priming with PEG had a higher effect on radicle length. However, in some experiments it was
shown that PEG significantly reduced germination percentage, but increased seedling growth of sunflower (Hamidi and
Pirasteh-Anosheh, 2013). Osmo-priming not only improves seed germination, but also enhances general crop
performance under normal or salt stress environments. Application of 20% PEG-8000 for 2 days at 10°C enhanced
germination, seedling growth, and dry matter under saline conditions in Italian ryegrass (Lolium multiflorum) and
sorghum (Sorghum bicolor) (Hur, 1991).

5. HALOPRIMING

Halo-priming (soaking seed in solutions of inorganic salts) has been shown to have a significant and positive effect
on germination, establishment, and growth in saline conditions (Ashraf et al., 2008). Hamidi et al. (2013) observed that
two seed priming types: halo-priming (KNO3, KH2PO, and N + P) and hydro-priming increased germination percentage,
seedling and radicle length, plant height and leaf area of wheat (Triticum aestivum). The best combinations for KNOs,
KH,PO, and N+P were 100 mM, 500 mM, 50 mM + 10 mM, respectively. Halo-priming improves seedling emergence
as well as subsequent plant growth, thereby, enhancing final plant yield. Ashraf et al. (2008) found that pre-soaking seed
in solutions of inorganic salts improved growth and yield in many plants such as broad bean (Vicia faba), wheat, soybean
(Glycine max), Pennisetum americanum and Sorghum bicolor under saline conditions. Pirasteh-Anosheh et al. (2011)
showed that urea priming led to more germination and growth compared to other priming types. The effect of halo-
priming on proline content was not significant. These authors concluded that seedling establishment and root
development were improved by using KNO3 and urea in saline conditions.

6. THERMOPRIMING

Thermo-priming is defined as exposing seeds to low or high temperatures to improve seed germination and seedling
establishment in stressful conditions. It is indicated that seed germination of some species is positively improved by low-
temperature treatment (Ashraf and Foolad, 2005). It is also interesting to know that seed presowing treatment with some
specific temperatures improves later plant growth and development as well as seed germination and seedling emergence
(Ashraf et al. 2008). It has been reported that chilling treatment of Passiflora incarnata (Tavarini et al., 2018) and pearl
millet (Pennisetum glaucum) (Ashraf et al., 2003) seeds resulted in enhanced germination under salt stress. The role of
temperature treatment in germination, growth and yield of different crops in salt stress remains unclear.

7. HORMOPRIMING
Under abiotic stress conditions, the application of plant growth regulators (PGRs) as seed priming may overcome
much of the internal PGRs deficiency and lead to alleviation of the inhibitory effects of abiotic stress (Ashraf and Foolad,
2005; Pakar et al., 2016; Pirasteh-Anosheh et al., 2016a). Pretreatment of seeds with optimal concentrations of PGRs
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(hormo-priming) such as chlormequat chloride, salicylic acid, auxins, gibberellins, kinetin, abscisic acid, polyamines,
ethylene, brassinolide, triacontanol and ascorbic acid can effectively promote seed establishment, plant growth and
development, and crop production in saline and non-saline conditions (Pirasteh-Anosheh et al., 2014). Hormo-priming
beneficial effects in plant development and production in stressful conditions might be associated with improved nutrient
availability as well as increased plant physiological process and root proliferation (Ashraf and Foolad, 2005).

Afria et al. (1998) reported that cycocel primed guar (Cyamopsis tetragonoloba L.) plants (1.5 g L™) had higher
growth and yield as well as reduced transpiration under salt stress conditions. Furthermore, Kanp et al. (2009) showed
that cycocel seed pretreatment markedly improved the capacity of seed storage and crop performance of pea (Pisum
sativum L.) and horse gram (Dolichos biflorus L.). Pirasteh-Anosheh et al. (2014) reported that cycocel priming reduced
adverse effects of the stress on seedling emergence and vegetative growth and improved the level of leaf free proline and
chlorophyll content index in wheat, barley, maize, sunflower, safflower, and rapeseed. Cycocel priming, by diverting a
major proportion of assimilates to the root, increased root to shoot dry weight ratio under all osmotic stress levels.
Treating seed of sudan grass (Sorghum sudanense) with cycocel reduced adverse effects of salinity on the rate and
percentage of germination (Ismaeil et al., 1993).

Presowing seed treatment with salicylic acid (SA) affects seed germination, however, there are different reports on
the role of SA in the promotion or inhibition of germination. Pirasteh-Anosheh and Emam (2017) reported that in all
times after sowing, SA-primed seeds had greater absorbed water with higher growth rate. SA-primed seedlings had
higher germination, growth and K* and lower Na*. They also indicated that SA-primed seedlings showed a greater Na*
storage factor, i.e., they kept more Na* in their roots. In another study, tomato seedlings pretreated with SA for 3 weeks
showed a remarkable improvement in the activities of certain antioxidant enzymes, including superoxide dismutase,
catalase and peroxidase, under salt stress (Szepesi et al., 2008). Szepesi (2006) indicated that pretreatment of tomato
seedlings with SA resulted in a marked accumulation of Na* and compatible osmolytes consisting of glucose, fructose,
sorbitol, and proline in the leaves of plants subjected to salt media. In fact, reduction in leaf water potential led to
improved accumulation of abscisic acid (ABA) in the roots, enabling the plants to induce the ABA signal transduction
pathways and gene expression under salt stress. In saline media, the SA-pretreated plants also produced higher amounts
of compatible osmolytes such as glucose, fructose, sorbitol, and proline that improved plant growth and enhanced
photosynthetic efficiency.

Brassinolide seed priming led to significant increases in germination parameters in Vigna mungo (Singh and Jakhar,
2018) as well as barley and common bean (Abd El-Fattah, 2007) under saline conditions. In the latter case, it was shown
that BR seed priming caused accumulation in betaine (a potential osmoprotectant) and glutathione (a non-enzymatic
antioxidant). Gibberellic acid seed priming (Ma et al., 2018) as well as auxins such as indole-3-acetic acid (IAA), indole-
3-butyric acid (IBA) and naphthaleneacetic acid (NAA) seed soaking (Ashraf et al., 2018) enhanced seed germination of
wheat under salt stress. Gibberellic acid (GA) seed priming at different concentrations improved seed germination under
saline conditions in wheat (Ulfat et al., 2017), wheat, rice and maize (Majeed et al., 2018), Soybean (Glycine max L.),
(Jassal et al., 2017). Other plant growth regulators also have considerable effects on seed germination, growth, and yield,
for example seed priming by ascorbic acid, mannitol and sorbitol in rice (Theerakulpisut et al., 2017), by kinetin in
cucumber (Cucumis sativus L.) (Gurmani et al., 2018), and by kinetin in wheat (Igbal and Ashraf, 2005a) and PAs in
wheat (Igbal and Ashraf, 2005b).

8. CONCLUSIONS
Seed priming could be considered as a practical method for increase plant production in saline conditions. Although,
the mechanisms of these simple techniques are not yet fully clear, accelerated water imbibition and cell division, greater
germination rate, less Na* and higher K* accumulation and induced antioxidative system may be some mechanisms for
improved salinity tolerance. Different seed priming strategies have improved quantity and quality of a wide range of
plants, therefore the use of this technique will be inevitable in the future. Nonetheless, use of different priming agents
needs large-scale assessment.
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