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ABSTRACT 

 

Pretreatment strategies are used to enhance crop growth and yield in sandy soils. This study aims 

to investigate the effects of glycine betaine (GB) as a grain priming agent on growth parameters, 

yield components, and metabolic changes in barley (Hordeum vulgare L.) at various 

concentrations: 0.0, 5, 10, and 20 mM. The application of glycine betaine resulted in a significant 

enhancement in the growth and yield of barley. Conspicuously, a concentration of 10 mM GB 

significantly increased the activity of antioxidant enzymes. Furthermore, chlorophyll content, total 

soluble sugars, phenolic compounds, total flavonoids, and amino acids were markedly elevated at 

20 mM GB, while levels of proline and hydrogen peroxide (H₂O₂) were reduced. Additionally, the 

protein profile exhibited GB-responsive patterns that varied with concentration. The enhanced 

antioxidant capacity, modified protein profiles, and biochemical constituents of barley underscore 

the effectiveness of osmo-priming with glycine betaine in promoting growth, metabolic activities, 

and yield parameters in barley plants cultivated in sandy soil. 

Keywords: Antioxidant Enzymes; Barley; Glycine betaine; Growth Enhancement; Hordeum 

vulgare; Osmo-Priming; Proline. 

 
 

INTRODUCTION 

 

Barley (Hordeum vulgare L.) crop belongs to cereal 

plants and is considered a strategic crop worldwide. It 

is used for malting, bread making, animal feeding, and 

adding to wheat flour in certain regions. Additionally, 

barley exhibits greater tolerance to drought and poor 

soil conditions compared to other cereals, making it 

essential for cultivation in arid regions. The barley crop 

is grown in coastal locations and the reclaimed soils 

under various irrigation techniques (Hussein, 2022). 

Identifying viable strategies to enhance plant 

development and yield under climate changes and 

sandy soil environments is vital.  

Many factors can influence the growth of barely 

plants, such as soil, environment, and cultivation 

techniques. Cultivation in sandy lands that is 

confronted with a number of difficulties, including a 

lack of soil fertility, a restriction on water availability, 

and an increase in salinity (Hussein et al., 2019). In 

many crops, the grain priming technique improves 

grain vigor and germination synchronization (Du et al., 

2019). Soaking periods depend on plant species in 

which grain hydrations must reach a certain level 

before activating of germination process (Lutts et al., 

2016). The previous works have highlighted the grain 

priming techniques to enhance biosynthesis of growth 

signals, early DNA replications, increased ATP 

biosynthesis, osmotic adjustments, and membrane 

reorganization through restoring their primary 

structures and minimizing leakage of metabolites 

(Hussein et al., 2022; Johnson and Puthur, 2021)  . 

Plants may also control their growth and development 

through the primary (peptides, carbohydrates, amino 

acids, proteins) and secondary (total phenols, total 

flavonoids) metabolites that they synthesized (Niu et 

al., 2023).  Glycine betaine (GB) is osmoregulatory 

substance widely presented in plants (Hasanuzzaman et 

al., 2019). GB is a natural and organic metabolite that 

exhibits a crucial role in osmoregulatory processes due 

to its low viscosity and high -water solubility. In 

addition to its osmo-protective properties, it stabilizes 

the structure of enzymes and proteins, strengthens 

antioxidant systems, decreases the membrane 

permeability and hydrogen peroxide (H2O2) mediated 

signaling (Islam et al., 2021). In many plant species, 

GB typically accumulates in the chloroplasts, 

mitochondria and cytosol, and these accumulations 

increase in response to stressors (Ahmed et al., 2021). 

It is a safe organic substance that maintains the 

efficiency and the structure of  photosystem(PS II) in 

chloroplast, which  increases photosynthetic efficiency 

(Chen and Murata, 2011). Similarly, as glycine betaine 

builds up in crops, the nitrogen it contains enhances 

root formation and seed germination, ultimately 

leading to plant growth (He et al., 2011). Previous 

studies showed that using GB as foliar (Ahmed et al., 

2019; Athar et al., 2015) or root (Islam et al., 2021) 

applications can enhance a plant's physiology and 

development under unstress and stress conditions. For 

instance, under normal conditions, foliar spray of GB 

enhanced water status, proline, CO2-fixation, stomatal 

conductance and water efficiency, and to promoting 

crop development  (Athar et al., 2015; Ahmed et al., 

2019a; Islam et al., 2021). Therefore, in order to 

address the problems provided by climate change and 

resource restrictions, this work intends to investigate 

novel agronomic approaches and treatments that 

enhance the growth, production, and stress resilience of 

barley (Hordeum vulgare L.) in sandy soils. In 

particular, it focuses on osmo-priming with glycine 

betaine (GB) to improve the production and growth of 
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barley planted in sandy soil. It also aims to understand 

the mechanisms by which GB helps to overcome the 

difficulties related to sandy soils. 

 

MATERIALS AND METHODS 

 

Growth conditions 
During the winter of 2017-2018, pots experiment 

was conducted at greenhouse of the faculty of Science 

(Girls-Branch), Al-Azhar University, Egypt. The 

objective of the work was to evaluate the impact of 

glycine betaine pretreatment on the growth, 

biochemical composition, and yield of barley 

(Hordeum vulgare L.) plants. The Agriculture 

Research Center (ARC), Giza, Cairo, Egypt, provided 

the barley grains (Cultivar: Giza 123). The grains were 

soaked for 12 h in different concentrations of GB (0, 5, 

10 and 20 mM). Six replicates of each treatment were 

planted in pots (40x40) filled with sandy soil; five 

plants per pot. Sandy soil with a field capacity (FC) of 

11.6%, EC 0.34 dSm
-1

, pH 8.6, HCO3
-
1.00%, Cl

-
1.7%, 

K
+
 0.26%, Na

+ 
1.2%, and Ca

++
 1.27% Mg

++
 0.60 meqL

-

1
 were the characteristics of the soil. Fertilizers 

containing calcium superphosphate and potassium 

sulfate were applied prior to seeding. After thirty- and 

sixty-days following planting, nitrogen was applied as 

ammonium nitrate. Each pot was irrigated every week 

(1.5 L; 80% FC). 
 

Morphological parameters 

Representative samples were taken 65 days after 

planting from each treatment to measure the growth 

traits: plant height, root length, number of leaves per 

plant, leaf area, and the fresh and dry weights of shoot 

and root per plant. At harvest time, the yield 

parameters were determined, including the number of 

tillers plant
 -1

, number of spikes plant 
-1

, yield of spikes 

plant 
-1

, yield plant 
-1

, weight of 1,000 grains, and straw 

weight per plant. 
 

Photosynthetic pigments 

According to (Metzner et al., 1965), photosynthetic 

pigments were determined in fresh barley leaves in 

85% acetone. Fresh weight (100 mg) of barley leaves 

was extracted in the acetone solvent. The extracts were 

centrifuged at 1000 xg, and the supernatants were up to 

(10 ml acetone, 85%). The absorbance was at 663 nm, 

644 nm, and 452 nm on spectrophotometer against a 

blank (acetone). The pigment (chlorophyll a, 

chlorophyll b, and carotenoids) was expressed as µg/ml 

according to the next equations: Chlorophyll-a=10.3 

E663 - 0.918E644= µgml
-1

, Chlorophyll-b=19.7E644 - 

3.870E663= µgml
-1

, Carotenoids = 4.2 E452 - (0.0264 

chlorophyll a + 0.426 chlorophyll b) = µgml
-1

. The 

photosynthesis pigments were represented as mgg
-1

 FW 

of barley plant. 
 

Total soluble sugars 

Using the anthrone approach, the total soluble sugars 

in the ethanolic extract of dried tissues of the barley 

plant were calculated (Cerning, 1975). TSS were 

measured by 0.1 ml of ethanol extract was used in the 

reaction with 3.0 ml of freshly made anthrone (0.15g 

anthrone and 100 ml H2SO4, 72%) in a water bath for 

ten min, after cooling the samples, absorbance was 

read at 625 nm. 
 

Total free amino acids 

Free amino acids (FAA) in dried tissue of pretreated 

barley plants were measured by the ninhydrin reagent 

according to (Rosen, 1957) The extracts were prepared 

using 80.0% ethanol. Following centrifugation, 1 ml of 

extract was mixed to 0.5 ml buffer [27 g, sodium 

acetate, distilled H2O (20 ml), glacial acetic acid (5 

ml), 490 ppm NaCN (1.5 ml) and the solution up to 75 

ml with distilled water (pH = 5.4), followed by (0.5 ml 

of ninhydrin reagent)]. Then, the solution was put in a 

boiling water bath for 15 min. 5 ml of 50% isopropanol 

was added after cooling. The absorbance was measured 

at 570 nm. Free amino acids were expressed as mgg
-1

 

DW, using L-glutamic acid standard curve.  
 

Proline content  

Proline was detected in fresh leaves (0.5 g) using the 

method of Bates et al. (1973). The 0.5 g of fresh leaves 

was extracted in 10 ml of 3% aqueous sulfosalicylic 

acid to determine the proline concentration in the 

studied plant samples. A total of 2 ml of the extract, 2 

ml of acid-ninhydrin reagent, and 2 ml of glacial acetic 

acid (CH3COOH) were combined and boiled at 100 ºC 

for 1 hour. After cooling, the mixture was combined 

with 4 ml of toluene to extract the proline content. The 

absorbance was measured at 520 nm using a 

spectrophotometer, with toluene serving as a blank. 
 

Total flavonoids and phenolics compounds 

Total flavonoids in dry tissues of barley crop were 

measured according to Adom and Liu, (2002). Two 

milliliters of diluted extract were added to 0.2 ml of 5% 

NaNO2, allowed to react for five min, and then mixed 

with 0.2 ml of 10 % AlCl3. The catechin served as a 

reference for measuring the absorbance at 510 nm. The 

technique outlined by Savitree et al. (2004) and 

Pourmorad et al. (2006) was used to estimate the total 

phenolic contents in dry leaves. One milliliter of 

extract and 10.0 drops of conc hydrochloric acid, in a 

boiling water bath for 10 min. The mixture was cooled 

and combined with 1.5 ml of Na2CO3 (14%) and one 

ml of Folin-Ciocalteau reagent. The mixture was 

thoroughly shaken with rising to 5ml of distilled water; 

it was placed in a water bath for 5.0 min. The 

absorbance was recorded at 650 nm and the data was 

expressed as mgg
−1

 DW. 
 

Antioxidant enzymes activity 

In accordance with the test of various enzyme 

activities, the crude enzyme was extracted. A barley 

leaf (2 g) was isolated and stored at 4˚C for a night in 

10 ml of 100 mM phosphate buffer, pH 6.8. For ten 

min, the extract was centrifuged at 5000 xg. Enzyme 

activities were measured using the supernatant as a 

crude extract (Mukherjee and Choudhuri, 1983). 
 

Peroxidase (POD) 

POD activity was assayed according to (Bergmayer, 

1974). Phosphate buffer (5.8 ml, 50 mM, pH 7.0), 

pyrogallol (2.0 ml, 20 mM), and H2O2 (2.0 ml, 20 mM) 

reacted with a 0.2 ml crude extract. Using a 
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spectrophotometer, absorbance against an enzyme-free 

reagent at 470 nm was measured in 60 sec. Enzyme 

activity unit is equal to the quantity of crude enzyme 

needed to convert one μ mole of hydrogen peroxide in 

a minute at room temperature (Kong et al., 1999).  
 

Ascorbate peroxidase (APX) 

APX assay was according to (Koricheva et al., 

1997). Using a UV-VIS spectrophotometer, the rate of 

absorbance drop as ascorbate oxidized was measured at 

290 nm. The quantity of enzyme needed to catalyze the 

change of one μ mole of H2O2 min
-1

 was used to 

determine one unit of enzyme activity (ε= 2.8 mM
-1

 

cm
-1

) at 25°C. 
 

Catalase (CAT)  
 

CAT activity was assayed according to (Chen et al., 

2000). Enzyme extract (40 µl) and phosphate buffer 

(pH 7.0, 9.96 ml) containing H2O2 (0.16ml of 30% 

H2O2 in 100 ml of 50 mM phosphate buffer) were 

added to the reaction mixture, which had a final 

volume of 10 ml. Using a spectrophotometer, the rate 

at which H2O2 absorbance changed in a minute relative 

to a buffer blank at 250 nm was used to calculate the 

CAT activity. Rather than employing enzyme extract, 

buffer was used to create the blank sample. The 

quantity of enzyme that decreased 50 % of H2O2 min
-1

 

at normal temperature is equivalent to one unit of 

enzyme activity. 
 

Hydrogen peroxide (H2O2) 
 

The H₂O₂ content was determined at 390 nm using 

the method described by Velikova et al. (2000), and the 

absorbance was recorded. H₂O₂ concentrations were 

expressed as nmol g⁻¹ FW, using an extinction 

coefficient (ε) of 0.28 µm⁻¹ cm⁻¹. 
 

Protein profile  
 

The rapid freeze-dried (200 mg) leaf tissues were 

extracted with one ml buffer, and stored in the freezer 

for 1 hr, and shaken for 15 sec, then centrifuged at 

(5000 xg) for 15 min at 4˚C. After that, SDS-PAGE, or 

sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis, was carried out in accordance with 

(Laemmli, 1970). Using standard protein markers (11-

180 kDa), the molecular weight of the separated 

proteins was calculated. Following documentation, the 

protein bands were observed using Coomassie Brilliant 

Blue G-250 staining (Sigma, USA). 
 

Statistical Analysis 

Data were analyzed using one-way analysis of 

variance (ANOVA) using Minitab
®
 18.1 Statistical 

Data Document. The results were statistically analyzed 

according to Snedecor and Cochran., (1989). To 

compare means, the Tukey (HSD) test was calculated 

at a 5% probability level. The data were presented as 

mean ± standard error (n = 3). 

 

RESULTS 
 

Effect of GB on growth parameters  
 

The data presented in the table (1) show the effects 

of varying concentrations of Glycine Betaine on 

several growth parameters of plants. The parameters 

assessed include plant height, root length, the number 

of leaves per plant, leaf area per plant, and fresh and 

dry weights of both shoots and roots. 

The plant height remained relatively stable across 

the different concentrations of Glycine Betaine, with 

no significant difference (p > 0.05) observed among the 

treatments. For root length, there was no significant 

difference in root length between the control (0 mM) 

and lower concentrations (5 and 10 mM). However, a 

marked increase is observed at the highest 

concentration (20 mM), where root length significantly 

(p≤ 0.05) exceeded the other treatments. 
 

The number of leaves per plant and leaf area both 

exhibited significant positive responses at higher 

concentrations (20 mM), where the highest values were 

recorded. At 10 mM and 20 mM, the number of leaves 

increased by 22.5 % and 36.5 %, respectively over the 

control. Moreover, GB increased significantly flag leaf 

area in the GB pretreated plants. The highest increment 

was represented by 29.1% compared to the other 

plants. This suggests that GB may promote leaf 

development and overall plant strength. In addition, 

shoot fresh weight (FW) recorded an increase with 

higher concentrations of GB and recorded the highest 

at 20 mM. Similarly, shoot dry weight (DW) showed 

an upward trend and was significantly higher at 20 mM 

compared to the control. The maximum increase 

(55.5% and 60%) was observed in 10 mM GB-

pretreated plants for fresh and dry weights of shoots 

related to control plants. 
 

For both fresh and dry root weight, a similar trend is 

observed, with both root fresh weight (FW) and dry 

weight (DW) being significantly (p ≤ 0.05) enhanced at 

higher concentrations of GB compared to lower 

concentrations and the control. Fresh weight increased 

by 28.57% and 35.71%, while root dry weight per plant 

increased by 63.3% and 73.3% in comparison to 

untreated plants. 
 

Effect of GB on barely yield  

Table (2) presents the effects of different 

concentrations of GB on various growth parameters of 

barley plant, including the number of tillers, spike 

number, weight of spikes, weight of grains, weight of 

1,000 grains, and weight of straw per plant. The 

number of tillers increases significantly with GB 

concentrations and recording the highest at 20 mM (8.8 

± 1.3), where it is statistically higher than all other 

concentrations. However, spike number shows a mixed 

response. It is highest at 10 mM (4.50 ± 0.6) but drops 

to 3.50 ± 0.5 at 20 mM, indicating a possible adverse 

effect or a non-linear response at higher concentrations. 

For the spike weight plant
-1

, the weight recorded the 

highest at 10 mM (5.3 ± 0.20), suggesting that this 

concentration optimally supports spike development, 

after which weights decline or do not increase 

significantly at p ≤0.05. The weight of 1,000 grains 

shows variability but improves with increasing GB 

concentrations up to 10 mM (75.29 ± 2.92) before 

decreasing slightly at 20 mM (69.75 ± 3.07). This trend 

reflects what was seen in spike and grain weights. 
Similarly, straw weight recorded the highest weight
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Table (1):  Assessment of growth parameters in Hordeum vulgare L. plants treated with osmo-priming glycine betaine 

(GB) and cultivated in sandy soil. Data are represented in means ± standard error. 
 

GB 

Conc. 

(mM) 

Measured growth parameters 

Plant 

height 

(cm) 

Root 

length 

(cm) 

Leaves no 

plant-1 

Leaf area 

plant-1 (cm2) 

Shoot FW 

plant-1 (g) 

Shoot DW 

plant-1 (g) 

Root FW 

plant-1 (g) 

Root DW 

plant-1 (g) 

0 66.0±1.2a 16.0±1.4b 20.0±1.5c 22.0±0.5c 23.8±1.7c 2.50±0.2b 1.40±0.1b 0.30±0.02c 

5 66.4±3.2a 17.5±2.1b 22.8±1.2b 25.2±0.9b 24.0±3.5c 2.62±0.2b 1.50±0.2b 0.42±0.02b 

10 69.0±1.4a 19.5±2.3b 24.5±1.7b 25.9±0.2b 27.9±2.0b 2.92±0.5b 1.80±0.1a 0.49±0.02a 

20 71.0±1.2a 30.0±2.4a 27.3±1.0a 28.4±1.0a 37.0±3.2a 4.00±0.4a 1.90±0.3a 0.52±0.02a 
 

 

Means superscripts with different letters, per column, are significantly different at p≤0.05 based on Tukey (HSD) test. 

 

Table (2):  Effect of osmo- priming with glycine betaine (GB) on yield attributes of barley (Hordeum vulgare L.) plants 

cultivated in sandy soil. Data are means ±standard error. 
 

GB 

conc. 

(mM) 

Measured yield parameters 

Tillers plant-1 
Spike no 

plant-1  

Spikes weight 

plant-1  

(g) 

Grains weight 

plant-1  

(g) 

1000 grains 

weight  

(g) 

Straw weight 

plant-1  
(g) 

0 3.30±0.6c  2.01±0.1c 2.2±0.10c 2.00±0.30c 38.21+3.32c 4.79±0.57c 

5 5.30±0.9b 3.30±0.4b 3.50±0.40b 3.20±0.20b 50.43+4.09b 7.34±0.42b 

10 6.00±1.1b 4.50±0.6a 5.3±0.20a 4.60±0.60a 75.29+2.92a 8.43±0.54ab 

20 8.8±1.3a 3.50±0.5b 4.9±0.60a 4.11±0.40a 69.75+3.07a 9.35±1.24a 
 

Means superscripts with different letters, per column, are significantly different at p≤0.05 based on Tukey (HSD) test. 
 

at 20 mM GB (9.35 ± 1.24). In conclusion, the number 

of tillers, spikes, and straw weight per plant exhibited 

progressive and significant increases in glycine betaine 

(GB)-pretreated plants compared to the control. The 20 

mM GB pretreatment increased the number of tillers 

and straw weight per plant by 166.7% and 95.2%, 

respectively, compared to the control. Concerning the 

number of spikes per plant, weight of spikes, weight of 

grains per plant, and weight of 1000 grains, the results 

showed marked increases (p≤ 0.05) with increasing GB 

concentration. The 10 mM pretreatment showed the 

highest increases in these parameters, reaching 125%, 

141%, 130%, and 97%, respectively, compared to the 

control values. 
 

 

Photosynthetic pigments 

The results depicted in Fig. (1) demonstrated how 

GB-pretreatment affected the photosynthetic pigments 

in barley (Hordeum vulgare L.) plants. GB 

pretreatments at 5, 10 and 20 mM caused progressive 

increase in chl-a, chl-b and carotenoids. Pretreated 

plants with 20 mM GB achieved the highest increment 

reaching to 32.24 %, 36.73 %, and 16.89 % compared 

to the control. Pretreated plants with 5 and 10mM GB 

showed no marked changes in carotenoids in 

comparison with the control value. 
 

Total soluble sugars 
 

According to the findings displayed in Figure 2, 

pretreatments with glycine betaine led to significantly 

higher levels of total soluble sugars in the barley leaves 

(p ≤ 0.05) in comparison to the untreated plants. The 

highest increase percentage observed in barley plant 

leaves, originating from grains soaked in 20 mM GB, 

was 54.6%. 

 

 
 

Figure (1): Effect of osmo-priming with glycine betaine on the 

photosynthetic pigments (mg g⁻¹ FW) in barley (Hordeum vulgare 

L.) plants cultivated in sandy soil. Bars for each chlorophyll type 

with different superscript letters are significantly different at p ≤ 
0.05 based on the Tukey test. Vertical bars represent ± standard 

deviation (SD). 
 

 
 

Figure (2): Effect of osmo-priming with glycine betaine on total 

soluble content of sugars (mg g⁻¹ DW). Bars for each chlorophyll 
type with different superscript letters are significantly different at 

p ≤ 0.05 based on the Tukey test. Vertical bars represent ± 

standard deviation (SD). 
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Total free amino acids and proline content 
 

The results represented in Figure (3A) indicate that 

all GB treatments increased the free amino acids 

(FAA) content compared to the control value. 

Meanwhile, the plants pretreated with GB exhibited a 

significant decrease in proline levels (Fig. 3B). The 

maximum decrease was observed with the 20 mM GB 

treatment, which reached 40% compared to the control. 
 

Total flavonoids and phenols 

Data in Figure (4A) demonstrated a significant 

increase in total phenols with GB treatments in 

comparison to the control. The highest increase of 

phenol content was 62.24 % by 20 mM GB pretreated 

plants in relation to the control value. In parallel, the 

obtained value for total flavonoids (Figure 4B) showed 

that there was a progressive increase in the total 

flavonoids in barley plants with increasing the 

concentration of GB. The highest percentages were 

obtained at 20 mM GB which was reached to 165.7 % 

in relation to the control value. 
 

Antioxidant enzyme  

The activities of catalase (CAT), ascorbate 

peroxidase (APX), and peroxidase (POD) were 

significantly affected by the pretreatment of barley 

(Hordeum vulgare L.) plants with glycine betaine (GB)  

as represented in Figure (5 A-C). The enzyme activities 

of CAT, APX, and POD were elevated at various 

concentrations of GB, except for the 20 mM 

concentration. Remarkably, the highest increase in 

enzyme activity was observed at 10 mM GB compared 

to the control group. 
 

Hydrogen peroxide 

Application of GB pretreatments with 5 mM showed 

non-significant effect on hydrogen peroxide. On the 

other hand, the endogenous H2O2 increased by 41.79% 

in 10 mM GB pretreated plants (Fig. 5D), while 

decreasing by 28.21% in 20 mM GB pretreated plants 

in comparison to the control value. 
 

Protein profile 

There were variations in the protein bands due to 

glycine betaine pretreatment (Fig. 6 and Table 3). 

Glycine betaine causes alterations in protein profiles 

through enhancement of the synthesis of different 

protein bands. Pretreatment with 20 mM induced the 

unique 20 kDa and 19 kDa polypeptides. The 

polymorphic polypeptides 65 kDa and 155 kDa were 

induced in 10 mM and 20 mM pretreated plants. All 

concentrations of glycine betaine induced a 25 kDa 

polypeptide. The presence of these protein bands 

related to glycine betaine treatment of barley grown in  
 

  
 

Figure (3): Effect of osmo-priming with glycine betaine on Free amino acids and proline content of barley (Hordeum vulgare L.) plants cultivated 

in sandy soil. A, Free amino acids content (mg g-1 DW); B, Proline content (μg g-1 FW). Bars with different superscript letters are significantly 
different at p ≤ 0.05 based on the Tukey test. Vertical bars represent ± standard deviation (SD). 

 

  
 

Figure (4): Effect of osmo-priming with glycine betaine on total phenols and total flavonoid of barley (Hordeum vulgare L.) plants cultivated 

in sandy soil. A, Total phenols (mg g-1 DW); B, Total flavinoides (mg g-1 DW). Bars with different superscript letters are significantly 

different at p ≤ 0.05 based on the Tukey test. Vertical bars represent ± standard deviation (SD). 
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Figure (5): Effect of osmo-priming with glycine betaine on antioxidant activities barley (Hordeum vulgare L.) plants 

cultivated in sandy soil. A, Catalase; B, Ascorbate peroxidase; C, peroxidase activities and D, hydrogen peroxide. Bars 

with different superscript letters are significantly different at p ≤ 0.05 based on the Tukey test. Vertical bars represent ± 

standard deviation (SD). 
 

 

in sandy soil suggests that the plants may have 

adaptation responses to the treatment. Additionally, the 

unique and induced polypeptides observed at different 

glycine betaine concentrations indicate the same 

response to GB. 
 
 

 
 

Figure (6): Effect of osmo-priming with glycine betaine (GB) on 

protein profile in barley (Hordeum vulgare L.) plants cultivated in 

sandy soil. GB concentration were: L1, 0.0 mM; L2, 5 mM; L3,10 
mM and L4, 20 mM. M, lader. 

 
Table (3): Effect of osmo-priming with glycine betaine 

(GB) on proteins profiles in the barley (Hordeum 

vulgare L.) plants cultivated in sandy soil. 
 

 

No. MW 
GB concentration (mM) 

0.0 

(Control) 
5.0  10.0  20.0  

1 170 + + + + 

2 155 - - + + 

3 110 + + + + 

4 100 + + + + 

5 89 + + + + 

6 78 + + + + 

7 72 + + + + 

8 70 + + + + 

9 68 + + + + 

10 67 + + + + 

11 65 - - + + 

12 59 + + + + 

13 53 + + + + 

14 50 + + + + 

15 47 + + + + 

16 44 + + + + 

17 42 + + + + 

18 39 + + + + 

19 37 + + + + 

20 35 + + + + 

21 34 + + + + 

22 33 + + + + 

23 30 + + + + 

24 28 + + + + 

25 27 + + + + 

26 25 - + + + 

27 23 + + + + 

28 21 + + + + 

29 20 - - - + 

30 19 - - - + 

31 18 + + + + 

32 17 + + + + 

33 11 + + + + 
 

+, band exists; -, no band detected. 
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DISCUSSION 

 

Barley (Hordeum vulgare L.) produces edible grains 

grown in a large scale of environments. Interestingly, 

with the strategic advantages, crop productivity 

decreases yearly. It is vital to use recent improvement 

strategies for increasing productivity. Grain priming 

with glycine betaine had potential stimulatory effects 

on improving the development and yield in barley 

planted in sandy soil. Such potential stimulating effects 

of glycine betaine on plant development may result 

from modifications to the antioxidants in crop plants 

(Chen and Murata, 2011; Sharma et al., 2023).The 

present results showed improvement in the 

performance of growth, biochemical, yield components 

of barley (Hordeum vulgare L.) plants cultivated in 

sandy soil. The obtained data indicated that the GB-

pretreated plants exhibited beneficial effects on growth 

parameters. These GB-priming enhanced growth 

parameters hence higher value for fresh weights of 

shoots and roots. Eventually, the higher dry weight 

would have been the consequence of higher fresh 

weights. These results agree with the earlier findings of 

on wheat (Ahmed et al., 2019) and mustard plants 

(Islam et al., 2021). Such enhancement in these 

parameters might be attributed to the role of GB on 

essential metabolic processes (Farooq et al., 2016). The 

application of GB enhanced amino acids over the 

control. The stimulated growth of glycine betaine 

pretreated barley plants might be due to the activation 

protein biosynthesis during the germination and the 

hormonal status of endogenous abscisic acid and 

gibberellin in plants (Zhang et al., 2022). In this 

respect, foliar application of barley plants with glycine 

betaine promoted the antioxidant systems (Sharma et 

al., 2023).  

The grains priming with GB also improved yield 

components in comparison with the control group. In 

barley, GB appears to promote the metabolism 

involved in reproductive partitioning. The increased 

synthesis of dry matter that results from the 

improvements in chlorophylls, osmolytes, and 

antioxidant potential will provide the carbon skeleton 

needed for the improvement of yield attributes (Raza et 

al., 2014). Our findings generally agree with those of 

(Raza et al., 2014) on wheat, (Adak and Tozlu, 2020) 

on strawberry and (Shafiq et al., 2021) on maize. Grain 

priming with GB enhances the growth parameters 

associated with an increased antioxidant systems 

leading to improved yield components of barley plants. 

Furthermore, the increase in yield components may 

have been due to the increase in essential amino acids 

and endogenous GB (Shafiq et al., 2021).  

The results of this investigation showed that barley 

plants have higher levels of photosynthetic pigments. 

Chl "a", Chl b, and carotenoids are the major 

precursors of green energies, any change in their values 

affects the plant metabolic processes (Hussein et al., 

2019).  Data in the present investigation showed that 

GB-pretreated barley plants have higher levels of 

photosynthetic pigments. GB synthesis occurs in 

chloroplast, so the results could be due to the action of 

Glycine betaine in stabilizing the oxygen evolving 

photosystem (PSII) complex in chloroplast against 

environmental challenges (Rezaei et al., 2012; Jalal-

ud-Din et al., 2015). Additionally, this increase in 

pigment concentrations could have resulted from the 

function of GB in protection the photosynthetic 

machinery and maintaining the stability of plant 

membranes and Rubisco structures (Rezaei et al., 2012; 

Jalal-ud-Din et al., 2015). Furthermore, it is well 

known that GB induces the photosynthetic efficiency. 
 

Soluble sugars consider as osmo-protectant 

molecules, stabilize cell membranes and adjust turgor 

pressure (Jalal-ud-Din et al., 2015). In the present 

study, total soluble sugars increased in the GB-

pretreated barley plants. Similarly, earlier studies have 

reported that foliar application of GB, there are 

enhances in total soluble sugars in cowpea, lettuce and 

wheat  (Badran et al., 2015; Khalifa et al., 2016; 

Manaf, 2016). The increase in total soluble sugars may 

be increase and improvement the plant tolerance under 

stressors.  

Amino acids are the building units needed to 

synthesize proteins and other metabolites. They have a 

role in biochemical and physiological processes, 

including ion transport (Quan et al., 2016), osmotic 

pressure modulation (Farooq et al., 2010), enzyme 

activity modification, and stomatal opening regulation. 

Grain priming with Glycine betaine increased total free 

amino acids but it reduced the proline levels in barley 

(Hordeum vulgare L.) plants, indicating that this 

substance has a beneficial effect on upregulating the 

metabolic processes involved in growth and yield 

under sandy soil. It is obvious that proline is a sensitive 

molecule in response to applied GB. Proline may be 

participated in new protein synthesis.  

GB regulates variety of metabolic functions in plants 

under stress and unstress conditions (Athar et al., 

2015). For total flavonoids, glycine betaine induces 

remarkable accumulation in barley plants. Plants may 

be able to biosynthesize flavonoids due to their 

stimulating and antioxidant effects on plant 

development. Total phenolics are a class of secondary 

metabolites that may be involved in avoiding lipid 

peroxidation, scavenging reactive oxygen species 

(ROS), minimizing DNA damage, and denaturation of 

proteins (Jalal-ud-Din et al., 2015). Total phenols 

increased in barley plants planted in sandy soil. The 

application of GB increased total phenols under 

stressful conditions in maize (Shafiq et al., 2021). The 

significant positive correlation between applications of 

glycine betaine and total phenols refers to the 

antioxidant mechanisms in the pretreated plants. The 

role of glycine betaine may be due to activating 

antioxidant enzymes, which regulate phenolic levels. 

POD and CAT enzymes enhanced the transformation 

of H2O2 to water and oxygen (Gratão et al., 2005). 

Antioxidant enzymes and reactive oxygen species 

balance indicates oxidative damage or maintaining the 

antioxidant capacity (Møller et al., 2007). The glycine 

betaine induced the activities of CAT, APX and POD 
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enzymes more than controls. Glycine betaine may have 

a modulatory influence on the structure of enzymes, 

leading to enzyme activation. The induced CAT, POD, 

and APX enzymes activities indicate the hydrogen 

peroxide split. It indicated that the alteration in the 

antioxidant enzymes activities may be related to their 

protective action in vital processes (Møller et al., 

2007). In the study, glycine betaine significantly 

reduced H2O2 content in comparison with the control 

plants. The higher H2O2 level depending on the glycine 

betaine concentration might be due to scavenge ROS 

under stress. The results showed that the declining of 

these biomolecules might be attributed to an 

enhancement in the antioxidant capacity to scavenge 

free radicals in plants planted in sandy soil. ROS are 

produced by oxidative processes in mitochondria and 

chloroplasts. While their higher level results in cellular 

oxidative damage, their lower concentration aids in 

signaling. The exogenous GB reduced the amounts of 

H2O2 generation. The decrease in ROS production 

mediated by GB may be explained by its ability to 

scavenge ROS. Therefore, GB reduces ROS formation 

by protecting cell membranes with inducing osmolytes 

and antioxidants (CAT, APX, and POX). These 

findings are in agreement with the previous results of 

(Ahmed et al., 2021; Ahmed et al., 2019). 

Priming of the barley grains in glycine betaine 

induced the biosynthesis of new proteins in green 

plants. In response to GB-osmopriming, the 

biosynthesis of new proteins stimulates physiological 

mechanisms of barley plants, especially at high 

concentrations. Alterations in protein expression in 

amino acids treated plants may play a part in essential 

physiological functions like enzymes synthesis, 

osmotic balance, membranes stability, electrons 

transport, and signals transduction (Hussein et al., 

2022; Hussein and Alshammari, 2022, Hussein et al., 

2023, 2019b). The synthesis of new protein is one of 

the protective mechanisms of plant in response to 

amino acid application. Moreover, the effect of amino 

acids on proteins synthesis might be due to the build of 

the disulfide bonds between polypeptides lead to the 

configuration of the low molecular weight proteins 

(Hussein and Alshammari, 2022).  

 

CONCLUSIONS 

 

Grain priming with GB stimulated growth 

parameters, yield components, photosynthetic 

pigments, total amino acids, proteins, phenols, 

flavonoids, and regulated hydrogen peroxide, proline, 

and antioxidant enzymes. Therefore, grains osmo-

priming with GB is an effective pretreatment strategy 

that changes metabolic signals which participates in 

enhancing growth and increasing yield components of 

barley plants grown in arid and semiarid soil. 

 

ACKNOWLEDGMENTS 

 

The author wishes to thank the Biology Department 

at the College of Nairiyah, University of Hafr Al Batin 

(UHB), Nairiyah, Saudi Arabia; the National Research 

Centre, Dokki, Giza, Egypt; and the Botany and 

Microbiology Department, Faculty of Science (Girls 

Branch), Al-Azhar University, Cairo, Egypt, for their 

contributions. 
 

REFERENCES 

 

ADAK, N., I. TOZLU. 2020. The effects of glycine 

betaine on pomology, yield and biochemical 

characteristics of strawberry plants under soilless 

culture. Acta Hortic. 1273:45–51. 

AHMED, N., Y. ZHANG, K. LI, Y. ZHOU, M. 

ZHANG, Z. LI. 2019a. Exogenous application of 

glycine betaine improved water use efficiency in 

winter wheat (Triticum aestivum L.) via modulating 

photosynthetic efficiency and antioxidative capacity 

under conventional and limited irrigation 

conditions. Crop J. 7:635–650. 

AHMED, N., Y. ZHANG, H. YU, A. GABAR, Y. 

ZHOU, Z. LI, M. ZHANG. 2019b. Seed priming 

with glycine betaine improve seed germination 

characteristics and antioxidant capacity of wheat 

(Triticum aestivum L.) seedlings under water-stress 

conditions. Appl. Ecol. Environ. Res. 17:8333–

8350. 

AHMED, N., M. ZHU, Q. LI, X. WANG, J. WAN, Y. 

ZHANG. 2021. Glycine betaine-mediated root 

priming improves water stress tolerance in wheat 

(Triticum aestivum L.). Agric. 11:1127. 

ATHAR, H.U.R., Z.U. ZAFAR, M. ASHRAF. 2015. 

Glycinebetaine improved photosynthesis in canola 

under salt stress: evaluation of chlorophyll 

fluorescence parameters as potential indicators. J. 

Agron. Crop Sci. 201:428–442. 

BADRAN, E.G., G.M. ABOGADALLAH, R.M. 

NADA, M.M. NEMAT. 2015. Role of glycine in 

improving the ionic and ROS home-ostasis during 

NaCl stress in wheat. Protoplasma 252:835–844. 

BATES, L.S., R.P. WALDREN, I.D. TEARE. 1973. 

Rapid determination of free proline for water-stress 

studies. Plant Soil 39:205–207. 

BERGMAYER, H.U. 1974. Methods of Enzymatic 

Analysis. Academic Press. New York and London, 

New York and London. pp.1205–1214. 

CERNING, B.J. 1975. A note on sugar determination 

by the anthrone method. Cereal Chem. 52:857–860. 

CHEN, C., R. YU, E.D. OWUOR, A.N. TONY KO-

NG. 2000. Activation of antioxidant-response elem-

ent (ARE), mitogen-activated protein kinases 

(MAPKs) and caspases by major green tea poly-

phenol components during cell survival and death. 

Arch. Pharm. Res. 23:605–612. 

CHEN, T.H.H., N. MURATA. 2011. Glycinebetaine 

protects plants against abiotic stress: Mechanisms 

and biotechnological applications. Plant, Cell 

Environ. 34:1–20. 

DU, B., H. LUO, L. HE, L. ZHANG, Y. LIU, Z. MO, 

S. PAN, H. TIAN, M. DUAN,  X. TANG. 2019. 

Rice seed priming with sodium selenate: Effects on 

germination, seedling growth, and biochemical 

attributes. Sci. Rep. 9:1–9. 



Hussein  

27 

 

FAROOQ, M., A. WAHID, D.J. LEE, S.A. CHEEMA 

AND T. AZIZ. 2010. Comparative time course 

action of the foliar applied glycinebetaine, salicylic 

acid, nitrous oxide, brassinosteroids and spermine 

in improving drought resistance of rice. J. Agron. 

Crop Sci. 196:336–345. 

FAROOQ, M.A., S. ALI, A. HAMEED, S.A. 

BHARWANA, M. RIZWAN, W. ISHAQUE, M. 

FARID, K. MAHMOOD, Z. IQBAL. 2016. 

Cadmium stress in cotton seedlings: Physiological, 

photosynthesis and oxidative damages alleviated by 

glycinebetaine. South African J. Bot. 104:61–68. 

GRATÃO, P.L., A. POLLE, P.J. LEA, R.A. 

AZEVEDO. 2005. Making the life of heavy metal-

stressed plants a little easier. 

HASANUZZAMAN, M., A. BANERJEE, M.H.M. 

BORHANNUDDIN BHUYAN, A. 

ROYCHOUDHURY, J. AL MAHMUD, M. 

FUJITA. 2019. Targeting glycinebetaine for abiotic 

stress tolerance in crop plants: Physiological 

mechanism, molecular interaction and signaling. 

Phyton (B. Aires). 88:185–221. 

HE, C., W. ZHANG, Q. GAO, A. YANG, X. HU,  J. 

ZHANG. 2011. Enhancement of drought resistance 

and biomass by increasing the amount of glycine 

betaine in wheat seedlings. 

HUSSEIN, H.-A.A. 2022. Influence of radio-grain 

priming on growth, antioxidant capacity, and yield 

of barley plants. Biotechnol. Reports 34:e00724. 

HUSSEIN, H.-A.A., O.M. DARWESH , S.O. 

ALSHAMMARI. 2022. Effect of Selenium 

Application on Quality Improvements of Seeds and 

Fruits. Springer, Cham. pp.251–270. 

HUSSEIN, H.A.A., O.M. DARWESH, B.B. MEKKI. 

2019. Environmentally friendly nano-selenium to 

improve antioxidant system and growth of 

groundnut cultivars under sandy soil conditions. 

Biocatal. Agric. Biotechnol. 18. 

ISLAM, S., Z.A. PARREY, S.H. SHAH, F. 

MOHAMMAD. 2021. Glycine betaine mediated 

changes in growth, photosynthetic efficiency, 

antioxidant system, yield and quality of mustard. 

Sci. Hortic. (Amsterdam). 285:110170. 

JALAL-UD-DIN, S.U. KHAN, A. KHAN, S. 

NAVEED. 2015. Effect of exogenously applied 

kinetin and glycinebetaine on metabolic and yield 

attributes of rice (Oryza sativa L.) Under drought 

stress. Emirates J. Food Agric. 27:75–81. 

JOHNSON, R. , J.T. PUTHUR. 2021. Seed priming as 

a cost effective technique for developing plants 

with cross tolerance to salinity stress. Plant Physiol. 

Biochem. 162:247–257. 

KHALIFA, G.S., M. ABDELRASSOUL, A.M. 

HEGAZI, M.H. ELSHERIF. 2016. Abschwächung 

der negativen Auswirkungen von Salzstress bei 2 

Kopfsalatkultursorten durch Salicylsäure und 

Glycinbetain. Gesunde Pflanz. 68:177–189. 

KONG, F.X., W. HU, S.Y. CHAO, W.L. SANG AND 

L.S. WANG. 1999. Physiological responses of the 

lichen Xanthoparmelia mexicana to oxidative stress 

of SO2. Environ. Exp. Bot. 42:201–209. 

KORICHEVA, J., S. ROY, J.A. VRANJIC, E. HAU-

KIOJA, P.R. HUGHES AND O. HÄNNINEN. 

1997. Antioxidant responses to simulated acid rain 

and heavy metal deposition in birch seedlings. 

Environ. Pollut. 95:249–258. 

LAEMMLI, U.K. 1970. Cleavage of structural proteins 

during the assembly of the head of bacteriophage 

T4. Nature 227:680–685. 

LUTTS, S., P. BENINCASA, L. WOJTYLA, S. 

KUBALA, R. PACE, K. LECHOWSKA, M. 

QUINET, M. GARNCZARSKA. 2016. Seed 

Priming: New Comprehensive Approaches for an 

Old Empirical Technique. New Challenges in Seed 

Biology - Basic and Translational Research Driving 

Seed Technology. InTech. 

MANAF, H.H. 2016. Beneficial effects of exogenous 

selenium, glycine betaine and seaweed extract on 

salt stressed cowpea plant. Ann. Agric. Sci. 61:41–

48. 

METZNER, H., H. RAU, H. SENGER. 1965. 

Untersuchungen zur Synchronisierbarkeit einzelner 

Pigmentmangel-Mutanten von Chlorella. Planta 

65:186–194. 

MØLLER, I.M., P.E. JENSEN, A. HANSSON. 2007. 

Oxidative modifications to cellular components in 

plants. 

MUKHERJEE, S.P., M.A. CHOUDHURI. 1983. 

Implications of water stress‐induced changes in the 

levels of endogenous ascorbic acid and hydrogen 

peroxide in Vigna seedlings. Physiol. Plant. 

58:166–170. 

NIU, T., J. ZHANG, J. LI, X. GAO, H. MA, Y. GAO, 

Y. CHANG, J. XIE. 2023. Effects of exogenous 

glycine betaine and cycloleucine on photosynthetic 

capacity, amino acid composition, and hormone 

metabolism in Solanum melongena L. Sci. Rep. 

13:1–16. 

POURMORAD, F., S.J. HOSSEINIMEHR, N. 

SHAHABIMAJD. 2006. Antioxidant activity, 

phenol and flavonoid contents of some selected 

Iranian medicinal plants. African J. Biotechnol. 

5:1142–1145. 

QUAN, N.T., L.H. ANH, D.T. KHANG, P.T. TUYEN, 

N.P. TOAN, T.N. MINH, L. THE MINH, D.T. 

BACH, P.T. THU HA, A.A. ELZAAWELY, T.D. 

KHANH, K.H. TRUNG, T.D. XUAN. 2016. 

Involvement of secondary metabolites in response 

to drought stress of rice (Oryza sativa L.). Agric. 

6:23. 

RAZA, M.A.S., M.F. SALEEM, G.M. SHAH, I.H. 

KHAN, A. RAZA. 2014. Exogenous application of 

glycinebetaine and potassium for improving water 

relations and grain yield of wheat under drought. J. 

Soil Sci. Plant Nutr. 14:348–364. 

REZAEI, M.A., B. KAVIANI, H. JAHANSHAHI. 

2012. Application of exogenous glycine betaine on 

some growth traits of soybean (Glycine max L.) cv. 

DPX in drought stress conditions. Sci. Res. Essays 

7:432–436. 

SAVITREE, M., P. ISARA, S.L. NITTAYA, S. 

WORAPAN. 2004. Radical scavenging activity and 



Glycine Betaine Improves Growth, Antioxidants and Yield of Barley Grown in Sandy Soil 

28 

 

total phenolic content of medicinal plants used in 

primary health care. J. Pharm. Sci. 9:32–35. 

SHAFIQ, S., N.A. AKRAM, M. ASHRAF, P. 

GARCÍA-CAPARRÓS, O.M. ALI, A.A.H. 

ABDEL LATEF. 2021. Influence of glycine betaine 

(Natural and synthetic) on growth, metabolism and 

yield production of drought-stressed maize (Zea 

mays L.) plants. Plants 10:2540. 

SHARMA, J., S. KUMAR, V. KUMAR, P. SINGH, P. 

KHYALIA, S. VERMA, S. SAINI, A. SHARMA. 

2023. Foliar application of glycine betaine to 

ameliorate lead toxicity in barley plants by 

modulating antioxidant enzyme activity and 

biochemical parameters. Environ. Res. Commun. 

5:075002. 

SNEDECOR, G.W., W.G. COCHRAN. 1989. 

Statistical Methods. The Iowa State University 

Press U.S.A. 

VELIKOVA, V., I. YORDANOV, A. EDREVA. 2000. 

Oxidative stress and some antioxidant systems in 

acid rain-treated bean plants protective role of 

exogenous polyamines. Plant Sci. 151:59–66. 

ZHANG, Y., T. DAI, Y. LIU, J. WANG, Q. WANG, 

W. ZHU. 2022. Effect of exogenous glycine betaine 

on the germination of tomato seeds under cold 

stress. Int. J. Mol. Sci. 23:23. 

 


