




Enhancing Wheat Germination and Seedling Growth through Hydro- and Osmo-Priming with Polyethylene Glycol


Abstract
Seed priming is a controlled hydration process followed by re-drying that allows the seed to imbibe water and begin internal biological processes necessary for germination, but does not allow the seed to germinate. The current study was conducted to elucidate the effect of seed priming techniques (hydropriming and osmo-priming with polyethylene glycol (PEG) at different concentrations) on seed germination and seedling growth of two wheat varieties. A factorial experiment using a completely randomised design (CRD) with three replications was used to conduct this experiment. Two varieties of wheat (Sakha 95 and Gemmeza 12) were examined under five priming treatments (distilled water, 4% PEG, 8% PEG, 12% PEG and 16% PEG solution). Seeds without priming were used as a control. The findings revealed that the variety (Sk 95) with hydro and 12% PEG concentration was superior in germination percentage (100%). Variety (Sakha 95) was superior in all studied traits (Germination %, shoot length (cm), root length (cm), seedling dry weight (mg), seedling vigor index, seedling length, seedling growth rate, germination index and germination co-officient) whereas (Gemmeza 12) gave the low values in the same traits. Hydropriming had a positive effect on germination and seedling growth. also, osmo-priming with 12% PEG was the best in most studied traits compared with all the other treatments. Therefore, results suggested that osmo-priming with 12% PEG was a useful technique to enhance germination and seedling growth of wheat. It was concluded that hydro and osmo-priming with PEG helps to enhance germination and seedling growth of wheat varieties.

Keywords: Seed priming, Osmo-Priming, Polyethylene Glycol, Wheat, Germination    



INTRODUCTION

Seeds are the foundation of agriculture and a key component of various cropping systems to ensure optimum plant population. Quality seed increases crop yield by 20 to 25 % with the optimum agronomic practices (Kumar et al., 2025). Seed priming is a new, innovative technique by which some physiological changes are induced in the target seed using natural and synthetic compounds prior to germination. Seed priming can be carried out using various techniques such as hydropriming (soaking in distilled water), osmo-priming (soaking in osmotic solutions such as PEG, KCl, K2SO4, potassium salts, etc.), and plant growth inducers such as Ethephone, IAA, CCC (Chiu et al.,  2002). The most widely used treatments are osmo-priming and hydro-priming (Ashraf and Foolad 2005). In hydropriming, seeds are soaked in water overnight, then surface-dried before sowing on the same day (Liu et al., 2022). While in osmo-priming treatment, the seeds are soaked in an osmotic solution, followed by washing three times with distilled water, then dried before sowing. 
Seed priming has been successfully demonstrated to improve seed germination and seedling emergence of many crops such as wheat, sugar beet, maize, soybean and sunflower (Arif, Yari et al., 2010 and Ahmed et al., 2012). Seed priming is a controlled hydration process followed by re-drying that allows the seed to imbibe water and begin internal biological processes necessary for germination, but does not allow the seed to germinate (Taylor et al., 1998). Hydropriming is a simple, low-cost, and environmentally friendly technique for improving seed germination and seedling vigour of lentils (Ghassemi-Golezanic et al., 2008). Seed priming with PEG helps to increase the germination and seedling growth of wheat (Baque et al., 2018). The osmotic solution with PEG is able to retain water; depending on the molecular weight and its concentration, it is nontoxic and soluble in nature. Priming of seed in osmotic solution, such as polyethylene glycol (osmo-priming) and in water (hydropriming) has been reported to be an economical, simple and safe technique for increasing the capacity of seed to osmotic adjustment and enhancing seedling establishment and crop production under stressed conditions. This could be due to faster emergence of roots and shoots, more vigorous plants, better drought tolerance, earlier flowering, earlier harvest and higher grain yield under adverse conditions (Baque et al., 2016 and Faijunnahar et al., 2017). Wheat (Triticum aestivum) is the most important crop among other cereals due to its domestication and contribution as an important part of daily man's food calories and protein intake (El-Hawary et al., 2023). According to an estimate, wheat is the second most commonly grown crop in the world. Its seed provides 1.8% fibre, 9.4% protein, 69% carbohydrates and 2.5% fat (Ahmad et al., 2022).  Hence, the present study was carried out to elucidate the effect of hydro and osmo-priming with polyethylene glycol (PEG) on seed germination behaviour and seedling growth of some wheat varieties. And also, to determine the best concentration of PEG for the studied traits.

MATERIALS AND METHODS
This investigation was set up under laboratory conditions at the Seed Technology Research Department, Sakha Agriculture Research Station, Egypt, during the 2020 season. The temperature and relative humidity were 20-25 °C and 60-85%, respectively, during the experimentation period. Two wheat varieties, namely Sakha 95 and Gemmeza 12, were obtained from the Wheat Research Department for this experiment. Wheat varieties were examined under five priming treatments (distilled water, 4%, 8%, 12% and 16% PEG solution) compared to seeds without priming (control). Four grams of PEG were dissolved in 100 ml of water to prepare 4% solution of PEG. Similarly, 8g, 12g, and 16 g were dissolved in 100 ml of water to make 8%, 12%, and 16% solutions of PEG, respectively and a 12-hour priming time was used for both hydro and osmo-priming treatments. Wheat seeds were surface sterilised with 2% safex solution for 5 minutes, then rinsed with sterilised water and air dried at room temperature. After that seeds were used for priming. After priming seeds were air-dried again at room temperature.
A factorial experiment using a completely randomised design (CRD) with three replications was used to conduct this experiment. The first factor was the two wheat varieties, and the second factor was the five priming treatments. Data was collected for germination percentage (%), shoot length (cm), root length (cm), seedling dry weight (mg), seedling length (cm), seedling growth rate, seedling vigour index, germination index and germination coefficient. Analysis of variance was performed using the SPSS program, and means were separated using least significant difference (LSD) at 5% level of probability. 
[bookmark: _Hlk11004721]Germination percentage was recorded one day after placing seeds for germination and continued up to seven days with a 24-hour interval. More than 2mm long plumule and radical seed was considered a germinated seed. Germination percentage was calculated using the following formula:
Germination %  =

[bookmark: _Hlk27250539]Germination coefficient (GC) was calculated using the following formula:
Germination co-efficient  × 100
Where,
[bookmark: _Hlk11004949]A ‗ number of seeds germinated
T ‗ time corresponding to A
[bookmark: _Hlk11005445]X ‗ Number of days to final count

Germination index was calculated as described in the Association of Official Seed Analysis (AOSA) 1983 by following the equation:
Germination index =

Seedling growth rate was calculated using the following formula:
Seedling growth rate = 
 Seedling vigor index was calculated using the following formula:
Seedling vigor index  = Germination (%) × seedling length (cm) / 100

At 7th day after seed placement, five seedlings of each Petri dish were sampled. Shoot and root length of single seedling was recorded with meter scale. Then the seedlings were dried for 48 hour then dry weight of seedlings were recorded using electric balance.

RESULTS AND DISCUSSION


Fig. 1 Effect of seed priming with hydro and different concentrations of PEG on germination of the two studied wheat varieties ± LSD (4.32). 

1- Germination percentage: -
Seed priming treatments led to significant differences in wheat varieties' germination (Figure 1). Both hydro and osmo-priming had a positive effect on germination percentage compared to unprimed seeds (control). Increasing of PEG concentration increases the germination percentage up to 12% then there is a gradual decrease with increasing the concentration of PEG. Data shown in Figure 1 revealed that variety (Sk 95) with hydro and 12% PEG concentration were superior in germination percentage (100%), whereas the un-primed seeds of Gm12 (control) recorded the lowest value (84%). These findings are in conformity with the findings of Farooq et al. (2006), Ghassemi-Golezani et al. (2008), Sadeghi et al. (2011), Maiti et al. (2013), Baque et al. (2016) and Ahmad and Bashir (2023). Sun et al. (2010) indicated that the optimal priming concentration of PEG was 20% for Gangyou 527 (Indica hybrid rice) and 10%-15% for Ungken 57 (Conventional jabonica rice). PEG concentration above the optimum level had negative effects on seed germination. Hydropriming significantly improved germination rate and is a useful technique for improving overall germination percentage. Ghassimi-Golezani et al. (2008) and Maiti et al. (2013) suggested that a wide range of biochemical changes occurred during seed priming, which was carried out for germination, breaking dormancy, hydrolysis or metabolism of inhibitors, imbibition and activation. Priming showed reviving effects in early stages of germination by the mediation of cell division in germinating seeds (Hassanpouraghdam et al., 2009 and Javid and Shah, 2023). Baque et al. (2016) reported that 10% PEG was the best for improving the germination behaviour of wheat.

2- Shoot length: -


[bookmark: _Hlk29405102]Fig. 2 Effect of seed priming with hydro and different concentrations of PEG on shoot length (cm) of the two studied wheat varieties ± LSD (0.813). 

Figure 2 shows that the shoot length of wheat varieties was significantly influenced by hydropriming and different concentrations of PEG. Increasing PEG concentration up to 12% significantly increases shoot length, and then there was a gradual decrease with increasing PEG concentration. Data revealed that the maximum soot length (14.9 cm) was recorded from variety (Sk 95) with 12% PEG, whereas the minimum shoot length (9 cm) was obtained from unprimed seeds of variety (Gm 12). Increasing shoot length due to osmopriming with PEG was also reported earlier in chickpea (Khadraji et al., 2017). Lee and Kim (2000) found that priming increased the metabolic activities of the seed, ultimately resulting in a substantial increase in shoot length than non-primed seed.

3- Root length: -

Fig. 3 Effect of seed priming with hydro and different concentrations of PEG on root length (cm) of the two studied wheat varieties ± LSD (1.06). 

Hydropriming and increasing PEG concentration had a significant positive effect on root length up to 12% then there was a gradual decrease in root length (Figure 3). Variety (Sk 95) with 12% PEG scored the highest root length (15.53 cm), whereas variety (Gm 12) with control (un-primed seed recorded the lowest value (10.52 cm). This result is in agreement with earlier findings of Faijunahar et al. (2017), who observed an increase in root length by osmo-priming with PEG in wheat. Farooq et al. (2010) revealed that increased ἁ-amylase activity makes more reducing sugars available for utilisation in the production of embryonic structure and contributes to the improvement of subsequent seedling growth. 
Baque et al. (2016) found that the most extended root length was obtained when the seed was primed with a 10% PEG solution. Increased root length by osmopriming with PEG was also earlier reported in chickpea (Khadraji et al, 2017).

4- Seedling dry weight: -

Fig. 4 Effect of seed priming with hydro and different concentrations of PEG on seedling dry weight (mg) of the two studied wheat varieties ± LSD (8.55) 

Variety (Sk 95) with 12% PEG was superior in seedling dry weight (119 mg), whereas variety (Gm 12) with control (un-primed seed) gave the lowest seedling dry weight (89.6 mg) (Figure .4). similar findings were obtained by Baque et al. (2016), Mahmood and Nadeem (2019) and Naseri and Faramarzi (2022). Ahmadvand et al. (2012) reported that seed primed of two varieties of soybean with KNO3 (6g/l) caused a significant increase in germination and emergence percentage, radical and plumule length and seedling dry weight.

5- Seedling vigour index: -

Fig. 5 Effect of seed priming with hydro and different concentrations of PEG on vigor index of the two studied wheat varieties ± LSD (1.72) 

Seed priming treatments with PEG increases seedling vigor index up to 12% then decreases gradually by increasing PEG concentration (Figure. 5). The maximum value of seedling vigor index (29.41) was achieved by variety (Sk 95) with 12% PEG whereas the minimum value (19.3) was achieved by variety (Gm 12) with 4% PEG. This result is in line with previous workers Ghassemi-Golezani et al. (2008), Jain and Sharma (2018), Baque et al. (2016) and Ibrahim and Abdalla (2021). The increase in seedling vigour index may be due to the activation of growth-promoting substances and the translocation of secondary metabolites to the growing seedling. Significant enhancement in seedling vigour index when primed with polyethylene glycol was earlier reported in wheat by Farooq et al. (2009), Baque et al. (2016) and Hussain et al. (2018). Seedling vigour index increases with seed priming in several vegetable crops (Maiti et al., 2013). Enhancement of seedling vigour index by priming with PEG was earlier documented in soybean (Sadeghi et al., 2011) and chickpea (Kumar et al., 2016).

6- Seedling length: -



Fig. 6 Effect of seed priming with hydro and different concentrations of PEG on seedling length (cm) of the two studied wheat varieties ± LSD (1.47) 

Hydro and osmo-priming positively affected on seedling length of wheat varieties as seen in Figure 6. Results revealed that variety (Sk 95) gave the highest seedling length (29.42) with 12%PEG solution, whereas the lowest seedling length (20.8) was observed in (Gm 12) with control.  Among all concentrations of PEG, treating seeds with 12% PEG was statistically superior to that of other concentrations. The improvement in seedling length with osmo-priming was reported earlier in wheat (Faijunnahar et al., 2017 and Khan and Ali, 2022). Maiti et al. (2013) revealed that the seedling vigour index of several vegetable crops increased with seed priming. Improvement in seedling length by osmo-priming with PEG was reported earlier in chickpea (Kumar et al., 2016).

7- Seedling growth rate: -

Fig. 7 Effect of seed priming with hydro and different concentrations of PEG on seedling growth rate of the two studied wheat varieties ± LSD (0.208) 

Seed priming caused a significant increase in seedling growth rate (Figure 7). Increasing osmo-priming (PEG) concentration increases seedling growth rate up to 12% then decreases gradually with increasing PEG concentration. Variety (Sk 95) with 12% PEG produced the highest value of seedling growth rate (4.2), whereas the lowest value (2.97) was produced from variety (Gm 12) with control.
Increasing seedling growth rate may be due to increasing ἀ-amylase activity, which makes more reducing sugars available for utilisation in the production of embryonic structures and contributes to the improvement in subsequent seedling growth (Farooq et al., 2006 and Shamsi et al., 2020).

8- Germination index: -



Fig. 8 Effect of seed priming with hydro and different concentrations of PEG on germination index of the two studied wheat varieties ± LSD (0.45) 

Figure (8) shows that germination index increases with hydro and osmo-priming up to 12% then there was a gradual decrease with increasing the concentration of PEG. Variety (Sk 95) with 12% PEG gave the highest value (11.9), whereas the lowest value (8.33) was obtained from variety (Sk 95) with control.
Huns and Sung (1997) showed that seed priming resulted anti-oxidant increment as glutathione and ascorbate in the seed. These enzymes increase germination speed by reducing lipid peroxidation activity. Ghassimi-Golezani et al. (2008) and Maiti et al. (2013) reported that hydropriming significantly improved germination rate and is a useful technique for improving overall germination percentage





9- [bookmark: _Hlk29405509]Germination co- efficient: -

Fig. 9 Effect of seed priming with hydro and different concentrations of PEG on germination coefficient of the two studied wheat varieties ± LSD (0.36) 

Results in Figure 9 revealed that both hydro and osmo-priming had a significant effect on the germination coefficient. The maximum value of germination coefficient (22.2) was obtained from variety (Sk 95) with 12% PEG, whereas the lowest value (18.8) was obtained from variety (Gm 12) with control. Huns and Sung (1997) and Baque et al. (2016) showed that seed priming resulted from an anti-oxidant increment as glutathione and ascorbate, in the seed. These enzymes increase germination speed by reducing lipid peroxidation activity; as a result, the germination coefficient was higher in hydro and osmo-primed seeds compared to that of control (un-primed seeds). Baque et al. (2016) showed that seed priming with 10% PEG achieved the highest germination coefficient compared to that of hydro and osmo-primed seed.

CONCIUSION
From the obtained results, it can be concluded that both hydro and Osmo-priming had a positive effect on germination and seedling vigour of wheat seeds.  Seed priming with 12%PEG was the best compared to un-primed seed (control) and other PEG concentrations in all studied traits. Variety (Sk 95) was superior in most studied traits, whereas variety (Gm 12) showed consistently poor performance in the same traits. Keeping this in view, it can be concluded that hydro and osmo-priming with PEG help to enhance germination and seedling growth of wheat varieties.
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