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Abstract. Water-stress is one of the most adversarial environmental constraints limiting wheat growth 

and productivity. Seed priming is a promising approach to alleviate the adverse effects of water-stress on 

seed germination and early seedling establishment. In the current study, we evaluated the effectiveness of 

Glycine-betaine (GB) to improve seed germination and early seedling establishment of Wheat (Cultivar: 

Jimai-22) under water-stress conditions. The current study was conducted at the Engineering Research 

Centre of Plant Growth Regulator, College of Agronomy and Biotechnology, China Agricultural 

University, Beijing, China, during the year 2018-19. Water-stress significantly reduced seed germination 

characteristics, shoot/root fresh weight and dry matter accumulation, and relative water content (RWC). 

Moreover, water-stress aggressively increased the production of Proline, soluble sugars, Hydrogen 

peroxide (H2O2), and Malondialdehyde (MDA) and showed higher electrolyte leakage and reduced 

membrane stability. However, seed priming with GB significantly alleviated adversities of water-stress on 

seed germination characteristics and early seedling growth attributes; the effects were more pronounced 

with GB 50 and 100 mM seed treatment. Seed priming with GB counteracted the overaccumulation of 

proline, soluble sugars, H2O2, and MDA content and increased membrane stability and reduced 

electrolyte leakage with higher activity of antioxidant enzymes under water-stress treatment. Water-stress 

tolerance augmented by GB priming might be related to higher antioxidant activity and reduced reactive 

oxygen species (ROS) accumulation and lipid peroxidation, eventually lower electrolyte leakage and 

higher membrane stability, all these salient features of GB enhanced survival capability of wheat 

seedlings under water-stress conditions. The study is a valuable validation for enhancing water-stress 

tolerance via GB priming, which is of broad-spectrum interest for sustainable agriculture production. 

Keywords: seed treatment, Glycine betaine, seedling vigor, osmolyte accumulation, water-stress 

tolerance 

Introduction 

Water-stress is a serious agronomic problem worldwide and is one of the most 

important factors reducing crop productivity (Farooq et al., 2012; Li and Liu, 2016). 

Successful and uniform seed germination is essential for healthy plant growth and 

development to enhance productivity potential as well as the quality of crop production 

(Conrath et al., 2006; Cheng et al., 2018). Uneven and delayed seed germination often 

result in poor seedling establishment. Therefore, it is essential to enhance seed 

germination and seedling vigor under osmotically stressed conditions. Seed germination 

and emergence are the primary steps in successful seedling development and crop 

productivity. Seed germination is defined as a sequence of events that start with the 

imbibition of dry seeds and that terminate with the elongation of the embryonic radicle 

(Bewley, 1997; Wolny et al., 2018). 
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Generally, seeds start the germination process under optimal environmental 

conditions (i.e., sufficient or optimal water, oxygen and temperature). However, seeds 

under sub-optimal conditions, such as water stress, salinity, and extreme temperatures, 

showed uneven germination and poor seedling development (Mahmood et al., 2009; 

Jisha et al., 2013; Nawaz et al., 2013; Hussain et al., 2016). Extensive research efforts 

have been carried out in order to improve the crop performance under water deficit 

conditions. Nevertheless, water deficit is still a major limitation to crop growth and 

productivity. Typically, seed germination and early seedling growth are less tolerant to 

environmental fluctuations as compared to mature plants. Thus, soil moisture stress 

during early growth may result in high mortality rates, leading to reduced crop 

performance (Chachar et al., 2016). 

To enhance seed germination rate and seedling vigor under adverse environmental 

conditions. The pretreatment of seeds called seed priming is widely practiced in 

agriculture. Suitable priming treatment enhances seed germination and boosts seedling 

vigor in different crops. Research demonstrated that variety of chemicals shown 

potential to act under specific conditions as a defense priming agent against a range of 

different abiotic stresses (Beckers and Conrath, 2007), such chemicals includes: amino 

acids; Proline, Glycine-Betaine (Moustakas et al., 2011), hormones; Salicylic acid, 

Abscisic acid (Srivastava et al., 2010; Nazar et al., 2015), reactive oxygen-nitrogen–

sulfur species (Seabra and Oliveira, 2016), mineral priming; Selenium, Calcium 

chloride (Iqbal et al., 2015) and even water; hydro-priming (Iqbal et al., 2015). 

GB priming is an effective strategy to improve seed germination, emergence, and 

seedling growth of several crop plants, especially under stress conditions (Farooq et al., 

2008; Atta et al., 2013; Zhang et al., 2014; Rakshit and Singh, 2018). GB could 

ameliorate the adversities of oxidative stress by detoxification of ROS both directly or 

by enhancing the activities of ascorbate peroxidase (APX), glutathione (GSH) and 

GSH/GSSG, Ascorbate (AsA), mono-dehydro-ascorbate reductase (MDHAR), 

dehydroascorbate reductase (DHAR), glutathione reductase (GR), glutathione 

peroxidase (GPX), catalase (CAT), and glyoxalase I (Gly I) in the different crops under 

adverse environmental conditions (Hasanuzzaman et al., 2014; Gupta and Thind, 2015). 

For example, Cheng et al. (2018) reported that GB priming increased the chilling stress 

tolerance of Cotton at the seedling stage, exhibited a higher net photosynthetic rate, 

improved antioxidant enzyme activity, and lower hydrogen peroxide content and less 

damage to the cell membranes. Water-stress significantly hindered seed germination 

and seedling growth, reduced starch metabolism, RWC, and increased cell electrolyte 

leakage. However, seed priming with GB improved the germination rate, root and shoot 

length, seedling fresh and dry weights, leaf and root scores, RWC, soluble sugars, and 

a-amylase activity as compared to unprimed seeds of Maize under chilling stress 

(Farooq et al., 2008). Similar improvements were also noted for Turfgrass under 

different stress conditions such as drought, salinity, and temperature (Zhang et al., 

2014). 

Seed priming has potential to promote uniform and synchronized seedling emergence 

and enhance the capability of seedlings to establish under unfavorable environmental 

conditions. Physiologically, seed priming strengthened the antioxidant activities of 

CAT, POD, SOD, and APX and as well as promoted the accumulation of compatible 

solutes including reducing sugar, proline, soluble sugars, free amino acids, and soluble 

proteins contents (Zhang et al., 2015). As a result, seed priming reduced lipid 

peroxidation and stabilized the cell membranes integrity, resulting in increased stress 

http://scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=oxidative+stress
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tolerance under water-deficit or excessive soil moisture environments (Zhang et al., 

2015). 

Seed priming with GB could play a significant role during germination and early 

seedling growth of wheat. Therefore, it is crucial that this method should be employed 

in wheat production to improve water-stress tolerance by seed priming with GB. In this 

study, we examined the effects of GB seed priming with different concentrations of GB 

to optimize suitable concentration and evaluate its effectiveness to improve wheat seed 

germination and seedlings development under water-stress conditions. We ensured that 

50 to 100 mM concentrations of GB for seed priming 12 h were more advantageous for 

uniform and synchronised seed germination and successful seedling growth. For further 

insight into the phenomenon, we investigated the activities of different antioxidant 

enzymes directly involved in detoxification of ROS, triggered by water-stress. 

Material And Methods 

Growing conditions and treatment details 

This study was conducted at the Engineering Research Center of Plant Growth 

Regulator, College of Agronomy and Biotechnology, China Agricultural University, 

Beijing, China, during the year 2018-19. The present study was aimed to evaluate the 

effect of GB seed priming on wheat seed germination and early seedling growth. Wheat 

(Triticum aestivum L.) cultivar “Jimai-22” was used in the current study. Jimai-22 is an 

inbreed hexaploid wheat cultivar, which is mostly planted by the wheat farmers in 

North China Plan (Li et al., 2015). To eradicate contamination during seed priming, 

wheat seeds of uniform size were surface-sterilized with 3% NaClO for 10 minutes. All 

the glassware and hydroponic solution used in this study were autoclaved before to use. 

The seed-priming treatments were hydro-priming (HP; distilled water), chemical 

priming (GB: 10, 25, 50 and 100 mM), and a non-primed control (NP) included for 

comparison. Wheat seeds were primed in the dark at 25ºC for 12 h with constant gentle 

shaking in a mechanical shaker. The proportion of seed weight to volume of priming 

solution was maintained as (w/v) was 1:5 (Hussain et al., 2016). After 12 h of priming 

treatment, the primed seeds were washed thoroughly with deionized water for 4-5 times, 

to remove priming agent from the surface of the seeds. The primed seeds were surface-

dried using blotting paper and placed to an air- drying oven at 25ºC for 48 h to minimize 

the moisture content to <10%. The experiment was designed in Completely 

Randomized Design (CRD) with three replications. After achieving required seed 

moisture content, 20 seeds per replicate were placed in 12.5 cm Petri dish on a double 

layer of filter paper No.102, moistened with 10 ml of distilled water considered as well-

water (control) or with 10 ml of 10% PEG-6000 solution (water-stress). During the 

experiment, 10 ml of autoclaved distilled water or 10% (w/v) PEG-6000 solution was 

added to each petridish after every 24 h to maintain constant moisture. The radicle 

protrusion at 1 mm was recorded as the criterion for germination (Guo et al., 2017). The 

experiment was conducted in a controlled room (Environmental Growth Chamber, 

China Agricultural University, Beijing), which was set to maintain 22/18ºC (day/night), 

60% relative humidity, 12-h photoperiod, and 650 µmolm−2 s−1 photosynthetically 

active radiation at the canopy level. Seedlings kept for eight days under stressed and 

non-stressed conditions. Growing media solution was changed after every 48 h; the 

number of seeds germinated after every 12 h was recorded and final germination 

percentage was calculated when there was no more germination in reach treatment 
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(day-4). All the seedlings were harvested after eight days of planting, five seedlings 

from each replicate were used for the root and shoot fresh and dry weight 

measurements, while the rest of seedlings were wrapped in an aluminum foil and 

exposed to liquid nitrogen and saved to -80ºC for further biochemical studies. 

Seed germination characteristics 

The following germination characteristics were recorded according to AOSA (1983). 

Final germination % 

 

  (Eq.1) 

 

Germination rate index 

 

 ) (Eq.2) 

 

where G1 is the germination percentage on day 1, G2 is the germination percentage on 

day 2; and so on. 

Seedling Vigour Index 

 

  (Eq.3) 

 

Root and shoot length measurement 

Fifteen seedlings from each treatment were randomly collected (five for each 

replicate) for the measurement of the root and shoot length (by using a Vernier caliper) 

at the 8th day of planting. 

Plant growth and biomass accumulation 

For the measurement of fresh weight and dry matter accumulation, shoot, and root 

were separated and weighed for their fresh weight. The shoot/root dry weight was 

recorded in milligrams after drying in hot air oven (SANYO, Model, MOV-202, Japan) 

at 80ºC ± 5ºC for 72 hours. All the related traits were recorded after eight days of 

planting. 

Relative water content (RWC) 

The RWC was calculated by using leaves from randomly selected plants; the leaves 

were cut into about one cm discs and weighed to get fresh weight (FW). Later these leaf 

discs were soaked in distilled water for 4 h and turgid weight (TW) was recorded, 

leaves discs were then dried in an oven till constant weight at 80ºC to obtain the dry 

weight (DW). RWC was calculated as 

 

  (Eq.4) 

 

Malondialdehyde (MDA) and Hydrogen peroxide (H2O2) content 

Determination of lipid peroxidation in wheat seedlings was done by, Thiobarbituric 

acid (TBA) test, which determines MDA as an end product of lipid peroxidation (Heath 
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and Packer, 1968). Plant material (500 mg) was homogenized in 5 ml of 0.1% (w/v) 

Trichloroacetic acid (TCA) solution. The homogenate was centrifuged at 10000× g for 

20 min, and 0.75 ml of the supernatant was added to 1.5 ml of 0.5% (w/v) TBA in 20% 

TCA. The mixture was incubated in boiling water for 30 min, and then reaction stopped 

by placing the reaction tubes in an ice bath. Then the samples tubes were centrifuged at 

10000×g for 5 min, and the absorbance of the supernatant was recorded at 532 nm by 

using UNICO UV-2800AH spectrophotometer (UNICO Instrument Co. Ltd., 

Shanghai). The value for non-specific absorption at 600 nm was subtracted. The 

following equation was used to calculate MDA concentration using its absorption 

coefficient (ɛ) and expressed as µmol Malondialdehyde g−1 fresh weight: 

 

  (Eq.5) 

 

where ɛ is the specific extinction coefficient (=155 mM cm−1), Vt is the volume of total 

extract and Wt is the fresh weight of leaf sample, A600 and A532 is the absorbance at 

600 and 532 nm wavelength. 

The H2O2 concentration was determined according to Alexieva et al. (2001). 500 mg 

of wheat seedlings (shoot) samples were homogenized in an ice bath with 5 ml of 0.1% 

(w/v) TCA. The homogenate was centrifuged at 10000×g for 20 min, and 0.5 ml of the 

supernatant was added to 0.5 ml of 10 mM potassium phosphate buffer (pH 7.0) and 

1 ml of 1Molar potassium iodide (KI). The absorbency of the supernatant was recorded 

on Spectrophotometer at 390 nm. The content of H2O2 was given on a standard curve. 

Electrolyte leakage, and membrane stability index 

Leaf membrane damage was estimated by the recording of electrolyte leakage (EL) 

as reported by Bajji et al. (2002) with slight modifications. Plant material (500 mg) 

washed with distilled water and then placed in 15 ml test tubes with 10 ml of deionized 

water and incubated for 4 h at 25°C. Subsequently, the electrical conductivity (EC) of 

the samples (R1) was recorded on the EC meter (DDS-12A; Shanghai Kangyi Co., Ltd., 

Shanghai, China). The samples were then autoclaved at 120°C for 20 minutes, cooled at 

room temperature and the final conductivity (R2) was recorded on the EC meter. The 

EL was defined as follows: 

 

  (Eq.6) 

 

However, Membrane stability index (MSI) was calculated by using the following 

equation: 

 

  (Eq.7) 

 

Antioxidant enzymes extraction and assays 

Antioxidant enzymes extraction was performed as described in Seckin et al. (2010) 

with slight modifications. Shoots of wheat seedlings were collected at the 8th day of 

planting, and immediately placed into liquid nitrogen, then stored at -80ºC until used. 

Approximately 500 mg of leaf sample was rapidly extracted in a pre-chilled mortar on 

an ice bath with five mL of ice-cold 50 mM sodium phosphate buffer (pH 7.8) 
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containing 1 mM disodium diammonium acetate (EDTA-Na2), 1% (w/v) polyvinyl 

pyrrolidone (PVPP) and 10 mmol / L magnesium chloride. Samples were centrifuged at 

12,000×g for 25 min, and the supernatant was used for the determination of antioxidant 

enzymes activities. Likewise, catalase (CAT, EC 1.11.1.6) activity was estimated by 

monitoring the initial rate of disappearance of H2O2 by using spectrophotometer at 

240 nm wavelength according to Cakmak and Horst (1991). Meanwhile, the activity of 

superoxide dismutase (SOD, EC 1.15.1.1) was determined using the method of Xue et 

al. (2008). Thus, the peroxidase activity (POD, EC 1.11.1.7) was determined by the 

guaiacol oxidation method (Nakano and Asada, 1981). 

Osmolyte accumulation 

Free proline content in shoots of wheat seedlings was extracted with 3% 

sulfosalicylic acid and centrifuged at 12,000×g. An aliquot was mixed with glacial 

acetic acid and acidic ninhydrin for 30 minutes at 100ºC. The reaction was terminated in 

an ice bath, and chromophore was extracted with five mL of toluene. The chromophore-

containing toluene was warmed to room temperature, and absorbance was recorded on a 

spectrophotometer at 520 nm (Bates et al., 1973). 

Total soluble sugars were extracted from the shoots samples previously stored 

at -80ºC. 500 mg of shoot sample with 5 ml distilled water incubated in hot-water bath 

at 100ºC for 20 minutes, the extract were centrifuged at 12,000×g for 10 min; 

supernatant was transferred to 15 ml tube, and again 5 ml of distilled water was added 

into the sample tube and extraction was repeated, supernatants were collected together. 

The supernatant was mixed with anthrone reagent, heated for 7 min, the reaction was 

terminated by placing reaction tubes in an ice bath for 10 min and the absorbance was 

recorded on Spectrophotometer at 625 nm. Total soluble sugars content was recorded 

according to the method elaborated by Morris (1948) and expressed as mg g-1 fresh 

weight. 

Statistical analysis 

Statistical analysis and data computations were made using Microsoft Excel 2016 

(Microsoft Corporation, Redmond, WA, USA) and Statistix 8.1 (Analytical Software, 

Tallahassee, USA). Significantly different treatment means were separated using the 

least significant difference (LSD at 0.05) test. 

Results 

Seed germination ability, synchronization and seedling characteristics 

The seed germination response was varied among different water-stress and priming 

treatments (Fig. 1). Water-stress significantly arrested seed germination. However, 

seeds primed with distilled water (HP) as well as with different concentrations of GB 

had better seed germination percentage as compared to NP seeds under well-water and 

water-stress conditions. The maximum final seed germination % was recorded in seeds 

primed with GB 50 and 100 mM and had 13% higher seed germination % as compare to 

non-primed (NP) seeds under well-water conditions. Whereas under water-stress, a 

similar trend was observed and GB had maximum seed germination of 80% as 

compared to NP seeds of only 64%. 
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The germination rate index presented in Fig. 1, was also affected by water-stress and 

priming treatments; the higher germination rate was noted in response to GB priming 

treatments followed by HP. However, NP showed least germination index both under 

well-water and water-stress conditions. 

 

  
(a) (b) 

Figure 1. Effect of different seed priming treatments on seed germination (a) and germination 

rate index (b) of wheat seeds under well-water (non-stressed) and water-stress (PEG-10%) 

condition. Control non-primed; CK (NP), Control hydro-primed; CK (HP), Glycine-betaine 

primed denotes GB. All values represent means ± standard deviations (SD) of three replicates. 

Bars showing the same letters are not significantly different at P ≤ 0.05 as determined by LSD 

test 

 

 

Shoot, root length 

Under well-water conditions, the length of shoot and root was higher in primed seeds 

as compared to NP seeds. However, water-stress significantly affected seedling’s shoot 

and root morphological characters (Figs. 2 and 3). 
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(a) (b) 

Figure 2. Effects of different seed priming treatments on shoot length (a) and root length (b) of 

wheat seedlings under well-water and water-stress conditions. Control non-primed; CK (NP), 

Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB. All values represent 

means ± standard deviations (SD) of three replicates. Bars showing the same letters are not 

significantly different at P ≤ 0.05 as determined by LSD test 
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Under well-water treatment seeds primed with GB 50 mM showed contrasting results 

in term of shoot and root length and showed 29 and 35% higher shoot and root length as 

compared to NP seeds, however, HP seeds also had significant difference of 11 and 

13% higher shoot and root length as compared to NP seeds under well-water treatment. 

Under water-stress, seeds primed with GB 100mM showed better seedling character in 

term of the shoot and root length and had 36 and 66% higher shoot and root length as 

compared to seedlings of NP seeds under water-stress conditions. 

 

Figure 3. Effects of different seed priming treatments on morphological characteristics of wheat 

seedlings under well-water (a) and water-stress (PEG-10) (b) conditions. Control non-primed; 

CK (NP), Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB 

 

 

Shoot, root fresh weight, and dry matter accumulation 

The response of wheat seedlings with respect to shoot and root fresh weight and dry 

matter accumulation were varied among different water and priming treatments (Fig. 4). 

The maximum shoot and root fresh weight were noted in 25 and 50 mM of GB primed 

seeds as compared to rest of GB, HP and NP primed seeds, however, under water-stress 

conditions seeds primed with GB 50 and 100 mM showed better performance as 

compared to seedlings of HP and NP treatments. Under the water-stress condition, NP 

demonstrated diminishing growth of the seedlings along with a significant decrease in 

dry weight of shoot and root (Fig. 4). Similar to seedling fresh weight, the dry weight of 

seedlings was also higher in 25 and 50 mM GB primed seeds and under well-water 

treatment. However, GB 50 and 100 mM were more effective under water-stress 

treatment and had higher dry matter accumulation as compared to HP and NP seeds. 

Seedling vigor index 

In the current study, water-stress significantly reduced the seedling vigor index as 

compared to the well-water treatment (Fig. 5). Irrespective of water-stress effects, seeds 

primed with GB significantly increase the seedling vigor index as compared to HP and 

      CK (NP)       CK (HP) GB-10mM     GB-25mM         GB-50mM         GB-100mM 

  CK (NP)               CK (HP)                 GB-10mM GB-25mM GB-50mM GB-100mM 

(a) Well-water 

(control) 

(b)  Water-stress (PEG-10%) 
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NP seed treatments. The more prominent increase in seedling vigor was revealed by GB 

100 mM seed priming followed by 50, 25 and 10 mM under water-stress treatment. 

Shoot relative water content (RWC) 

There was a significant reduction in shoot RWC under water-stress as compared to 

well-water treatment (Fig. 5). Seed priming either with HP or GB considerably 

enhanced shoot RWC in water-stress treatment. The seedlings originating from the NP 

or HP seeds suffered a more significant decline in shoot RWC under water-stress 

treatment. However, seed priming with GB 50 and 100 mM significantly increased 4.7 

and 3.8 % higher shoot RWC as compared to seedlings originated from NP seeds under 

water-stress treatment. 

 

  
(a) (b) 

  
(c) (d) 

Figure 4. Effects of different seed priming treatments on the shoot and root fresh (a and b) and 

dry (c and d) weight of wheat seedlings grown under well-water and water-stress conditions. 

Control non-primed; CK (NP), Control hydro-primed; CK (HP), Glycine-betaine primed 

denotes GB. All values represent means ± standard deviations (SD) of three replicates. Bars 

showing the same letters are not significantly different at P ≤ 0.05 as determined by LSD test 

 

 

Lipid peroxidation and ROS accumulation 

The rate of lipid peroxidation was recorded in term of MDA accumulation, induced 

by PEG-stress was found to be dependent upon water-stress treatment (Fig. 6). Under 

well-water conditions, the MDA accumulation was almost similar in all wheat seedlings 

originated from either NP, HP or GB treated seeds. Upon exposure to PEG stress, the 
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MDA accumulation was increased in all priming treatments; however, in the seedlings 

of GB primed seeds, the increase was lower than that of NP and HP seed priming 

treatments. 

The response of wheat seedlings originated from NP, HP and GB primed seeds were 

varied among water-stress treatments, and exposure to water-stress all priming 

treatments showed a significant increase in H2O2 accumulation (Fig. 6). However, all 

the seeds either primed with different concentrations of GB or primed with distilled 

water (HP) showed lower accumulation of H2O2 and presented better performance as 

compared to seedlings of NP seeds under water-stress condition. The seedlings from the 

seeds treated with 100 mM showed 18% lower H2O2 content compared with seedlings 

of NP seeds under water-stress treatment respectively. 
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Figure 5. Effects of different seed priming treatments on seedlings vigor (a) and RWC (b) of 

wheat seedlings grown under well-water and water-stress conditions. Control non-primed; CK 

(NP), Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB. All values 

represent means ± standard deviations (SD) of three replicates. Bars showing the same letters 

are not significantly different at P ≤ 0.05 as determined by LSD test 
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Figure 6. Effects of different seed priming treatments on MDA (a) and H2O2 (b) content in 

wheat seedlings grown under well-water and water-stress conditions. Control non-primed; CK 

(NP), Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB. All values 

represent means ± standard deviations (SD) of three replicates. Bars showing the same letters 

are not significantly different at P ≤ 0.05 as determined by LSD test 
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Membranes stability index and electrolyte leakage 

Cellular membrane stability is reciprocal to electrolyte leakage, the higher electrolyte 

leakage, the lower membrane stability. Membrane stability was not changed among 

different priming treatments and had lower electrolyte leakage under well-water 

conditions. However, under water-stress treatment cellular membrane stability was 

significantly reduced as elucidated from a significant increase in electrolyte leakage in 

the wheat seedling originated from either primed or non-primed seeds (Fig. 7). 

The most damaging effects of water-stress were observed in wheat seedlings 

originated from NP seeds as increased electrolyte leakage and lower membrane stability 

index values under water-stress (Fig. 7). However, seed priming either with GB or with 

water significantly reduced electrolyte leakage and increased cellular membrane 

stability index under water-stress treatment. The most contrasting results were obtained 

by seed priming with GB 25 to 100 mM concentrations and found lower electrolyte 

leakage and higher membrane stability index in wheat seeding originated from the seeds 

primed with high concentrations of GB and grown under water-stress conditions. 
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Figure 7. Effects of different seed priming treatments on membrane stability index (a) and 

electrolyte leakage (b) of wheat seedlings grown under well-water and water-stress conditions. 

Control non-primed; CK (NP), Control hydro-primed; CK (HP), Glycine-betaine primed 

denotes GB. All values represent means ± standard deviations (SD) of three replicates. Bars 

showing the same letters are not significantly different at P ≤ 0.05 as determined by LSD test 

 

 

Activities of antioxidant enzymes 

The activities of antioxidant enzymes (CAT, POD and SOD) were significantly 

higher in osmotically stressed seedlings and significant variation was recorded among 

different priming treatments, whereas, under well-water conditions, the activities of 

CAT, POD and SOD in the seedlings of GB and HP primed seeds were almost similar 

to seedlings of NP seeds (Fig. 8). Under the water-stress condition, the CAT activity 

was increased significantly in the seedlings of GB 50 and 100 mM primed seeds as 

compared to HP and NP seedlings. The activities of POD under water-stress, the 

seeding originated from GB 100 and 25 mM primed seeds showed 19 and 14% higher 

POD activity as compared to seedlings of NP seeds. However, seedlings originated 
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from 100mM GB and HP seeds showed 43% and 13% higher SOD activity as compared 

to seedlings of NP seeds under water-stress treatment (Fig. 8). 
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Figure 8. Effects of different seed priming treatments on the activities of antioxidant enzymes; 

catalase (CAT) (a), Peroxidase (POD) (b) and superoxide dismutase (SOD) (c), in wheat 

seedlings grown under well-water and water-stress conditions. Control non-primed; CK (NP), 

Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB. All values represent 

means ± standard deviations (SD) of three replicates. Bars showing the same letters are not 

significantly different at P ≤ 0.05 as determined by LSD test 

 

 

Osmolytes accumulation 

The results represent proline and soluble sugars contents in wheat seedlings under 

well-water and water-stress treatments are presented in Fig. 9. The accumulation of 

proline and soluble sugars significantly enhanced by water-stress; for instance, there 

was an approximately 6-fold increase in the proline content of water-stressed seedlings 

of NP seeds as compared to NP seedlings of well-water treatment. In addition, the 

proline content remarkably decreased with seed priming treatments. Moreover, 33 and 

44% lower proline accumulation were recorded in the seedlings originated from GB 50 

and 100 mM primed seeds as compared to the seedlings of NP seeds under water-stress 

treatment. Similarly, the accumulation of soluble sugars content in wheat seedling was 

higher in water-stressed seedlings; however, more pronounced accumulation of soluble 

sugars was recorded in the seedlings of NP seeds. Seed priming significantly altered 

soluble sugars accumulation and 28 to 27% lower soluble sugars were accumulated in 
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seedlings originated from GB 50 and 100 mM primed seeds planted in water-stress 

treatment (Fig. 9). 
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Figure 9. Effects of different seed priming treatments on proline (a), and total soluble sugars 

(b) content in wheat seedlings grown under-well-water and water-stress conditions. Control 

non-primed; CK (NP), Control hydro-primed; CK (HP), Glycine-betaine primed denotes GB. 

All values represent means ± standard deviations (SD) of three replicates. Bars showing the 

same letters are not significantly different at P ≤ 0.05 as determined by LSD test 

 

 

Discussion 

Results of this study revealed that seed treatment with an appropriate agent and its 

concentration could invigorate wheat seeds, subsequent in greater germination ability 

and better seedling establishment and higher seedling fresh weight and dry matter 

accumulation under well-water and water deficit conditions (Figs. 1 to 4). In the current 

study, faster and more synchronized and uniform seed germination and seedlings 

emergence were recorded with seed priming, as indicated by higher germination %, 

germination index (Fig. 1), shoot and root length (Fig. 2), fresh weight or dry matter 

accumulation (Fig. 4), and seedling vigor index (Fig. 5). Water-stress induced 

deleterious effects on seed germination and seedling growth were alleviated by seed 

treatment with GB, this improvement in synchronized seed germination and better 

seedlings establishment could be attributed from higher antioxidant activity and 

Maintainance of cellular membrane integrity. Our results are in agreement with the 

previous finding with Safflower, cotton, Turfgrass, and Wheat (Zhang et al., 2014; 

Salama et al., 2015; Alasvandyari et al., 2017; Cheng et al., 2018). Uniform and 

synchronized seed germination and early seedling establishment are the most critical 

stages for any crop. Water deficit may severely reduce seed germination capability, 

uniformity and dry matter accumulation (Jisha et al., 2013; Nawaz et al., 2013; Hussain 

et al., 2016). Consequently, the advantages of seed priming may be more helpful under 

sub-optimal soil water conditions compared with more favorable soil moisture 

conditions (Farooq et al., 2008; Mahmood et al., 2009; Zhang et al., 2014). 

Water-stress induced growth decline has been previously reported by many 

researchers in different crops: Turfgrass (Zhang et al., 2014), Rice (Farooq et al., 2008) 

Sorghum (Zhang et al., 2015) and Wheat (Nawaz et al., 2013; Guo et al., 2017). Water-

stress-induced reduction in plant growth and development is mainly attributed to a 

reduction in plant water potential, leaf RWC, photosynthesis and dry matter 
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accumulation (Farooq et al., 2012). Our findings revealed that inhibitory effects of 

water-stress could be ameliorated by seed priming with GB appropriate concentration, 

our results demonstrated that seedling originated from seeds, primed with GB 50 and 

100 mM had better shoot RWC under water-deficit conditions and had the ability to 

reduce adversities of water-stress (Fig. 5). The decline in RWC showed a loss of turgor, 

which restricted water availability necessary for proper plant growth and development. 

Water-stress tolerance is substantially associated with tissue water potential and 

antioxidant system, exogenous application of GB significantly reduced adversities of 

water-stress in seedlings of fine grain aromatic rice and improved leaf water potential 

and had higher antioxidant activity and better photosynthetic ability under water-

deprived conditions (Farooq et al., 2008; Wani et al., 2013). 

The cellular membrane stability was significantly affected by the overproduction of 

H2O2, and MDA content, which elucidated from the higher release of electrolytes from 

the cells under water-stress conditions. Furthermore, water-stress stimulated 

overproduction of H2O2 and MDA content in wheat seedlings (Fig. 6) represents a well-

known indicator of oxidative stress. However, seed priming with GB alleviated 

adversities of water-stress, which were manifested in term of substantially improved 

membrane stability index, as noted from lower electrolyte leakage (Fig. 7) and reduced 

H2O2 and MDA production. Higher ion leakage and MDA production are considered as 

indicators of oxidative stress (Mahajan and Tuteja, 2005; Farooq et al., 2012). The 

oxidative stress often arises from the overaccumulation of ROS, especially H2O2. 

Overproduction of H2O2 is toxic to cellular structure and macromolecules, impairing 

normal cellular activities (Das and Roychoudhury, 2014; Mittler, 2017). The 

overproduction of ROS in plants is managed by a variety of antioxidant enzymes and 

lipids and water-soluble macromolecules. Of these antioxidant enzymes (CAT, POD, 

and SOD) are the key components of ROS scavenging mechanism under oxidative 

stress conditions (Das and Roychoudhury, 2014; Lou et al., 2015; Xu et al., 2018). Our 

results suggested that the activities of antioxidant enzymes significantly triggered in 

wheat seedling originated from the seeds treated with GB (Fig. 8). This increase in 

activities of antioxidant enzymes and reduced ROS mediated injuries in wheat seedlings 

as evident from the association between H2O2 and MDA and antioxidant enzymes 

system under water-stress but not under well-water conditions. 

It is well-established phenomena that proline and soluble sugars content in plant 

tissues enhanced by a variety of environmental stress including water-stress (He et al., 

2011; Wei et al., 2015). Accumulations of these osmolytes in maize hybrids were 

increased with the severity of drought stress (Anjum et al., 2017). Water-stress 

significantly triggered the accumulation of proline and soluble sugars in this study 

(Fig. 9). Our results revealed that seed priming with GB reduced overproduction of 

proline and soluble sugars under water-stress. The effects of GB seed priming on 

proline accumulation under water can be interpreted based on the argument that higher 

accumulation of endogenous proline does not contribute to the osmotic adjustment in 

plants under water-stress conditions (Borgo et al., 2015). Lower accumulation of 

endogenous proline in wheat seedlings are also reported in GB primed seeds under 

salinity stress (Salama et al., 2015). Moreover, higher accumulation of soluble sugars 

adversely affects plant physiological and biochemical activities in a concentration-

dependent manner (Aldesuquy et al., 2012; Sami et al., 2016). 
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Conclusion 

The results of the present study elucidated that the seed priming with GB did not 

simply accelerated germination-related processes but was also involved in other specific 

mechanisms that improved the seedling vigor and allowed the wheat seedlings to cope 

with the oxidative stress induced by water-stress. Increase in activities of antioxidants as 

governed by GB based seed priming can protect the degradation of enzymes from 

water- stress-induced ROS production and maintained cellular membranes stability. In 

addition to protecting from oxidative stress, GB seed priming was also involved in 

regulation of endogenous accumulation of proline and soluble sugars, RWC and 

antioxidant system in wheat seedlings, which may also be a remarkable demonstration 

of enhanced seed germination characteristics and seedling vigor under stressful 

environment. 
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