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Abstract: Two field experiments were carried out in the experimental farm of National Research Center at Nubaria, Egypt, 

during two successive seasons 2011/2012 and 2012/2013 to study the effect of the two antioxidants; glutathione and ascorbic 

acid on growth, yield and yield components of two cultivars of wheat plant (Triticum aestivum L.). The two cultivars were 

Sakha93 and Giza168. The two antioxidants were foliarly applied twice at the two concentrations 50 and 100ppm for each. The 

first spray was applied 30 days after sowing and the second spray was applied 15 days later (45 days after sowing). The results 

indicated significant increases in the growth of the two wheat cultivars Sakha93 and Giza168. The increase in growth was 

accompanied by increase in yield and yield components of the two cultivars compared to the corresponding controls. In general, 

growth and yield exhibited greatest response towards the higher concentration of glutathione. The increase in wheat growth was 

concomitant with increases in photosynthetic pigments, carbohydrate, total free amino acids and protein contents. The results 

suggested using both antioxidants glutathione and ascorbic acid especially at 100 ppm of glutathione to improve wheat growth 

and yield. 
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1. Introduction 

An antioxidant is a molecule that inhibits the oxidation of 

other molecules. Oxidation reactions can produce free radicals. 

In turn, these radicals can start chain reactions in cell and can 

cause damage or death to the cell. Antioxidants terminate 

these chain reactions by removing free radical intermediates, 

and inhibit other oxidation reactions [1 and 2]. Ascorbic acid 

and glutathione are of the most important antioxidants. 

Ascorbic acid is a naturally occurring organic compound 

with antioxidant properties. Ascorbic acid was synthesized in 

higher plants and considered an important antioxidant; it is the 

most abundant antioxidant currently considered to be a 

regulator on cell division and differentiation, photoprotection 

and regulation of photosynthesis and growth, played an 

important role as co-enzymatic reaction in the electron 

transport system and metabolism [1 and 3]. 

Study on the effect of ascorbic acid on wheat in new 

reclaimed soil showed increase in plant height and spike 

length and caused increase in grain yield when mixed with 

cupper [4]. Amin et al. [5] and Bakry et al. [6] reported that 

treating wheat with ascorbic acid up to 400 ppm increased 

plant height, number of tillers and spikes, flag leaf area, grain 

index, grain and straw yield per plant and per feddan as well as 

some biochemical constituents. 

Ascorbic acid antagonized hardening of wheat grains at 45 

and 55°C where it caused increase in vegetative growth and 

yield [7]. Similar effect of ascorbic acid was found by Amin et 

al. [8] on drought stress of okra (Hibiscus esculentus L.). 

Glutathione (GSH) is a tripeptide with a gamma peptide 

linkage between the group of cysteine (which is attached by 

normal peptide linkage to a glycine) and the carboxyl group of 

the glutamate side-chain. It is an antioxidant, preventing 

damage to important cellular components caused by reactive 

oxygen species such as free radicals and peroxides [9]. In 

plants, glutathione acts in the ascorbate-glutathione cycle to 

maintain the cellular redox homeostasis in response to 

oxidative stresses. In this cycle, GSH is used by 

dehydroascorbate reductase (DHAR) to regenerate ascorbate 

to scavenge H2O2, and is converted to oxidized form (GSSG), 
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which is then regenerated by glutathione reductase (GR) [10 

and 11]. Hence, the capacity of glutathione to participate in the 

redox regulation depends to a great extent on its absolute 

concentration and the ratio of GSH/GSSG [12, 13, 14]. 

Glutathione is also a regulator of plant development. 

Flowering of Arabidopsis thaliana was affected by 

glutathione synthesis and levels [14]. 

In the present study was carried out to compare the effect of 

ascorbic acid and glutathione on vegetative growth, yield 

components and changes in some biochemical compounds of 

two wheat cultivars (Sakha 93 and Giza 168) cultivated at new 

reclaimed area (Nubaria, North western of Egypt). 

2. Materials and Methods 

This investigation was carried out at the experimental farm 

of National Research Center at Nubaria, Egypt, during two 

successive seasons 2011/2012 and 2012/2013 to study the 

effect of glutathione and ascorbic acid on growth, 

development, yield and yield components and main 

biochemical components of two cultivars of wheat plant 

(Triticum aestivum L.). 

2.1. Plant Materials 

Uniform grains of two local cultivars of wheat plant 

(Triticum aestivum L.) Sakha93 and Giza168 were obtained 

from Wheat Research Department, Agricultural Research 

Center, Ministry of Agriculture, Egypt. 

The experiments were carried out under sandy soil 

conditions (Table 1). Grains of the two cultivars were sown at 

27 and 20 November for the first and the second season 

respectively. The plot area was 10.5 m
2
 (1/400 of feddan), 

three meters in length and three and half meters in width. 

Seeds were sown at the rate of 60 Kg/feddan. The 

experimental design was split plot design with three replicates. 

The two cultivars were assigned in the main plot and the 

treatments of the antioxidants were distributed at random in 

the subplot. 

Nitrogen fertilizer was applied at the rate of 120units 

N/feddan in the form of ammonium nitrate (33.5%N), it was 

divided in three equal portions (started at 20day after sowing). 

The dosage was added before the irrigation. Phosphorus 

fertilizer was applied before sowing (during land preparation) 

at rate of 150 Kg P2O5/feddan in the form of calcium super 

phosphate (15.5% P2O5). Potassium sulphate was added at rate 

of 50 Kg per feddan, and applied one month after sowing. 

Glutathione and ascorbic acid were foliarly applied at two 

concentrations (50 and100 ppm). First spray was carried out at 

vegetative stage (30 days after sowing) the spray volume of 

this sprinkling was 200 liter per feddan, and the second spray 

was fifteen days later its volume was 200 liters per feddan. 

Plant Samples were drawn at both vegetative stage (60 days 

after sowing) and at heading stage (90 days after sowing). 

Growth criteria were measured; plant height (cm), number 

of leaves per plant, fresh weight of shoot per plant and dry 

weights of shoot per plant were determined after drying in 

electric oven at 70
o
C. 

Table 1. Physical and chemical analysis of the soil at Nubaria region. 

Soil particles % 
Texture 

type 

Ec. Conductivity at 

25o C (mmhos/cm2) 
pH 

Organic 

matter (%) 

Ca 

Meq/l. 

Mg 

Meq/l. 

Na 

Meq/l. 

K 

Meq/l. 

HCO3 

Meq/l. 

Cl 

Meq/l. 
Sand Silt Clay 

90.08 0.66 9.26 Sandy 1.7 8.2 0.24 7.02 0.53 0.98 0.31 1.30 0.57 

 

2.2. Yield Measurements 

At harvest, ten plants from each replicate were randomly 

chosen to determine the following criteria:  

a Number of spikes /plant 

b Spike length (cm). 

c Number of spiklets per spike 

d Number of grains per spike. 

e Grain weight per spike (g). 

f Grain weight /plant (g). 

g Weight of 1000grains 

h Grain yield per feddan (Kg).  

2.3. Biochemical Compounds Determination 

Photosynthetic pigments were measured in fresh tissues of 

wheat leaves according to Wettstein [15] and A.O.A.C. [16]. 

Protein percentage was determined according to A.O.A.C. 

[17]. Total Free amino acids were determined using the 

ninhydrin colorimetric method defined by Plummer [18]. 

Following the method reported by Snell and Snell [19], total 

phenolic compounds were determined. Total carbohydrates 

were determined according to Dubois et al. [20]. 

2.4. Statistical Analysis 

The experimental design was split block with three 

replicates. The data obtained were submitted to standard 

analysis of variance procedure of design; LSD values were 

obtained when F values were significant at 5% level [21]. 

3. Results 

The data in Table 2 show significant increases in plant 

height in the two wheat cultivars due to the two antioxidants 

glutathione (Glut.) and ascorbic acid (ASA). Different 

significant responses were detected between the two cultivars 

according to the treatments with the two antioxidants. 

Different effects also were identified according to antioxidant 

type and concentration. Plant height at vegetative stage 

increased with increase in Glut. concentration, while ASA 

induced higher increase at lower concentration (50ppm). The 

increase was consistent at heading stage. Number of leaves as 
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well exhibited relatively less response at both vegetative and 

heading stages. The treatments of Glut. or ASA at the two 

concentrations (50 & 100ppm) caused significant 

increases in fresh weight of shoots of both wheat 

cultivars Sakha 93 and Giza 168 at both vegetative and 

heading stages ( Ta b l e  3 )  a s  c o m p a r e d  t o  

corresponding controls. The increase in fresh weight was 

concomitant by increase in dry matter. Maximum significant 

increase in dry weight of shoot was recorded with foliar 

application of Glut. at 100 ppm.  

3.1. Yield and its Components 

Significant differences between the two wheat cultivars in 

yield and its components due to Glut. or ASA treatments 

(Tables4&5). The results indicate significant increase in 

number of spikes/plant, spike length and number of 

spiklets/spike with Glut. or ASA in the two wheat cultivars. 

These increases were higher at treatment100 ppm Glut. in 

comparison to the corresponding controls (Table 4).  

The treatments of the two wheat cultivars with Glut. or ASA 

resulted in significant increases in weight of grains/spike, 

weight of grains/plant, weight of 1000 grains (g) as well as 

grain yield (kg/fed.) in comparison to the corresponding 

controls (Table 5). The treatment of Glut. at 100ppm exceeded 

the other treatments. The trend of increase was similar in the 

two cultivars due to the antioxidants, Glut. recorded 50% 

increase over the control in yield(Kg/feddan) in the cultivar 

Sakha 93. The corresponding results in the cultivar Giza 168 

was 40.9% over the control (Table 5).  

3.2. Biochemical Changes 

The data in Table 6 reveal significant differences between 

the two cultivars in chlorophylls a & b and carotenoids as 

indicated by the mean values. Increases in the synthesis of 

chlorophyll a, chlorophyll b and carotenoids in the leaves of 

the two wheat cultivars with foliar treatments of Glut. or ASA 

were obtained in comparison to the corresponding controls.. 

Increasing concentration rate in Glut. caused higher 

significant increase, while ASA induced more significant 

increase with the lower concentration (50ppm). Maximum 

significant increases in the photosynthetic pigments were 

obtained with the higher concentration of Glut. (100ppm). 

Total free amino acids content exhibited significant increase 

in the leaves of the two wheat cultivars due to the exogenous 

application of the two antioxidants Glut. or ASA (Table 7) in 

comparison to the corresponding controls. Maximum increase 

was obtained at 100 ppm Glut. in the two cultivars. However, 

total phenol content significantly increased only at 50 ppm 

ASA.  

Table 2. Effect of the two antioxidants glutathione and ascorbic acid on plant height and number leaves / plant of the two wheat cultivars (Sakha 93 and Giza 168) 

at both vegetative and heading. (Average of the two seasons). 

Treatments (ppm) 

Vegetative stage Heading stage 

Plant height (cm) No. of leaves Plant height (cm) No. of leaves 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Control 41.4 48.1 44.75 4.5 5.0 4.8 44.2 56.6 50.4 8.8 11.1 9.95 

Glutathione 50 51.8 53.5 52.65 4.5 5.5 5.0 56.2 62.0 59.1 13.0 11.3 12.15 

Glutathione 100 58.7 61.0 59.85 4.4 5.4 4.9 57.4 63.2 60.3 13.8 12.7 13.25 

Ascorbic acid 50 54.5 59.1 56.80 4.9 5.9 5.4 60.8 68.8 64.8 11.5 12.4 11.95 

Ascorbic acid 100 50.5 57.1 53.85 4.1 5.7 4.9 56.7 60.5 58.6 11.1 11.9 11.5 

Mean 51.38 55.76  4.48 5.5  55.06 62.22  11.64 11.88  

LSD at 5% 

Cultivars =0.43 

Treatments=2.40 

Cultivar X treatments=3.40 

Cultivars = 0.08 

Treatments =0.31 

Cultivar X treatments=0.43 

Cultivars =1.24 

Treatments =2.92 

Cultivar X treatments=4.13 

Cultivars=NS 

Treatments=1.62 

Cultivar X treatments=2.30 

Table 3. Effect of the two antioxidants glutathione and ascorbic acid on shoot fresh and dry weight of the two wheat leaves cultivars (Sakha 93 and Giza 168) at 

both vegetative and heading. (Average of the two seasons). 

Treatments (ppm) 

Vegetative stage Heading stage 

Fresh weight (g) Dry weight (g) Fresh weight (g) Dry weight (g) 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Control 10.7 13.7 12.20 4.5 4.6 4.55 21.5 28.7 25.10 6.8 10.3 8.55 

Glutathione 50 19.4 16.8 18.10 6.2 6.0 6.10 36.4 33.7 35.05 13.4 12.1 12.75 

Glutathione 100 21.6 23.3 22.45 7.1 6.8 6.95 49.0 52.7 50.85 16.0 15.4 15.7 

Ascorbic acid 50 19.4 20.2 19.80 6.6 8.1 7.35 40.8 42.4 41.60 14.2 14.7 14.45 

Ascorbic acid 100 15.4 16.6 16.00 6.3 6.0 6.15 41.3 37.1 39.20 13.8 13.6 13.75 

Mean 17.3 18.12  6.14 6.30  37.80 38.92  12.84 13.22  

LSD at 5% 

Cultivars =NS 

Treatments =2.60 

Cultivar X treatment =3.68 

Cultivars =NS 

Treatments =0.59 

Cultivar X treatment =0.84 

Cultivars =1.1 

Treatments =1.8 

Cultivar X treatment =2.6 

Cultivars =0.07 

Treatments =0.70 

Cultivar X treatment=1.1 
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Table 4. Effect of the two antioxidants glutathione and ascorbic acid on spike components of the two wheat cultivars Sakha 93 and Giza 168. (Average of the two 

seasons). 

Treatments (ppm) 

Spike length (cm) No. Spikes/plant No. spiklets/spike No. grains/spike 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Control 8.01 10.30 9.15 4.33 4.14 4.23 16.87 20.17 18.52 48.49 53.00 50.74 

Glutathione 50 8.65 10.09 9.37 6.33 6.07 6.20 16.33 19.16 17.74 49.00 52.33 50.66 

Glutathione 100 8.78 10.90 9.84 7.00 6.87 6.93 17.44 19.28 18.36 51.33 62.33 56.83 

Ascorbic acid 50 8.57 10.83 9.70 6.10 6.02 6.06 19.05 21.00 20.02 51.00 66.00 58.50 

Ascorbic acid 100 8.25 10.13 9.19 5.56 5.84 5.75 17.77 19.44 18.60 45.66 59.33 52.49 

Mean 8.45 10.45  5.86 5.78  17.49 19.81  49.09 58.59  

LSD at 5% 

Cultivars =0.19 

Treatments =0.23 

Cultivar X treatment =0.33 

Cultivars =0.08 

Treatments =0.18 

Cultivar X treatment =0.24 

Cultivars =0.54 

Treatments =0.72 

Cultivar X treatment =1.01 

Cultivars =1.51 

Treatments =2.09 

Cultivar X treatment =2.96 

Table 5. Effect of the two antioxidants glutathione and ascorbic acid on yield and yield components of the two wheat cultivars Sakha 93 and Giza 168. (Average 

of the two seasons). 

Treatments (ppm.) 

Wt. grains/spike (g) Wt. grains/plant (g) Wt. 1000 grain (g) Yield (Kg/fed.) 

Sakha 93 
Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean 

Sakha 

93 

Giza 

168 
Mean Sakha 93 

Giza 

168 
Mean 

Control 1.41 1.88 1.64 5.85 8.18 7.015 32.41 38.90 35.65 1693.4 1763.6 1728.5 

Glutathione 50 1.62 2.14 1.88 10.81 15.76 13.28 35.48 38.87 37.17 1877.0 2309.0 2093.0 

Glutathione 100 1.78 2.49 2.13 11.12 14.99 13.05 38.3 48.33 43.31 2541.7 2485.0 2513.3 

Ascorbic acid 50 1.75 2.04 1.89 10.54 12.46 11.5 34.28 43.05 38.66 2264.0 2431.5 2347.7 

Ascorbic acid 100 1.48 2.02 1.75 8.68 11.24 9.96 33.16 40.61 36.88 2205.3 1967.5 2086.4 

Mean 1.60 2.11  9.40 12.52  34.72 41.95  2116.28 2191.32  

LSD at 5% 

Cultivars =0.06 

Treatments =0.11 

Cultivar X treatment =0.15 

Cultivars =0.33 

Treatments =0.70 

Cultivar X treatment =0.9 

Cultivars=0.43 

Treatments =1.57 

Cultivar X treatment =2.22 

Cultivars =61.5 

Treatments =111.3 

Cultivar X treatment =157.3 

Table 6. Effect of the two antioxidants glutathione and ascorbic acid on chlorophyll a, chlorophyll b and carotenoids in the leaves of the two wheat cultivars 

Sakha 93 and Giza 168 at vegetative and heading stages. (Average of the two seasons). 

Treatments (ppm) 

Chlorophyll a (mg/g FW.) 

Vegetative stage Heading stage 

Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean 

Control 0.63 0.67 0.65 0.69 0.63 0.66 

Glutathione 50 0.71 0.75 0.73 0.78 0.79 0.78 

Glutathione 100 0.93 0.84 0.88 1.04 0.80 0.92 

Ascorbic acid 50 0.76 0.83 0.80 0.83 0.78 0.80 

Ascorbic acid 100 0.67 0.75 0.71 0.75 0.85 0.80 

Mean 0.74 0.77  0.82 0.77  

LSD at 5% 

Cultivars =0.014 

Treatments =0.037 

Cultivar X treatment =0.053  

Cultivars =0.026 

Treatments =0.043 

Cultivar X treatment =0.062  

Treatments (ppm) 

Chlorophyll b (mg/g FW.) 

Vegetative stage Heading stage 

Sakha 93 G168 Mean Sakha 93 G168 Mean 

Control 0.37 0.34 0.36 0.37 0.35 0.36 
Glutathione 50 0.46 0.55 0.51 0.47 0.56 0.52 
Glutathione 100 0.68 0.67 0.67 0.69 0.69 0.69 
Ascorbic acid 50 0.57 0.52 0.55 0.52 0.53 0.52 
Ascorbic acid 100 0.35 0.47 0.41 0.38 0.48 0.43 
Mean 0.49 0.51  0.49 0.52  

LSD at 5% 

Cultivars =0.007 

Treatments =0.033 

Cultivar X treatment =0.047 

Cultivars =0.006 

Treatments =0.017 

Cultivar X treatment =0.023 

Treatments (ppm) 

Carotenoids (mg/g FW.) 

Vegetative stage Heading stage 

Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean 

Control 0.28 0.27 0.27 0.28 0.26 0.27 
Glutathione 50 0.36 0.48 0.42 0.37 0.49 0.43 
Glutathione 100 0.45 0.48 0.47 0.41 0.49 0.45 
Ascorbic acid 50 0.36 0.40 0.38 0.46 0.41 0.44 
Ascorbic acid 100 0.29 0.37 0.33 0.30 0.38 0.34 
Mean 0.35 0.40  0.36 0.41  

LSD at 5% 

Cultivars =0.013 

Treatments =0.027 

Cultivar X treatment =0.038 

Cultivars =0.004 

Treatments =0.014 

Cultivar X treatment =0.019 
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Table 7. Effect of the two antioxidants glutathione and ascorbic acid on total free amino acids and total phenol contents in the leaves of the two wheat cultivars 

Sakha 93 and Giza 168 at both vegetative and heading. (Average of the two seasons). 

Treatments (ppm.) 

Vegetative stage Heading stage 

Free amino acid (mg/g DW) Total phenol (mg/g DW) Free amino acid (mg/g DW) Total phenol (mg/g DW) 

Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean 

Control 15.82 20.02 17.92 14.16 14.47 14.31 10.19 12.38 11.28 12.51 11.17 11.84 

Glutathione 50 18.86 20.83 19.85 14.90 15.37 15.13 13.12 14.00 13.56 11.20 12.61 11.90 

Glutathione 100 21.18 25.99 23.59 12.61 15.4 14.00 16.86 17.43 17.14 11.56 11.29 11.42 

Ascorbic acid 50 19.80 24.31 22.06 13.92 16.46 15.19 13.52 15.40 14.46 13.18 12.52 12.85 

Ascorbic acid 100 18.82 23.67 21.25 14.16 15.09 14.62 11.29 13.21 12.25 9.93 12.1 11.01 

Mean 18.89 22.96  13.95 15.35  12.99 14.48  11.67 11.93  

LSD at 5% 

Cultivars =0.19 

Treatments =1.12 

Cultivar X treatment =1.58 

Cultivars =0.25 

Treatments =0.91 

Cultivar X treatment =1.28 

Cultivars =0.15 

Treatments =0.92 

Cultivar X treatment =1.29 

Cultivars =0.15 

Treatments =0.67 

Cultivar X treatment =0.94 

Table 8. Effect of the two antioxidants glutathione and ascorbic acid on the percentage of total carbohydrate and protein contents in the leaves of the two wheat 

cultivars Sakha 93 and Giza 168 at both vegetative and heading. (Average of the two seasons). 

Treatments (ppm.) 

Vegetative stage Heading stage 

Total carbohydrates % Protein % Total carbohydrates % Protein % 

Sakha 93 Giza 168 Mean Sakha 93 Giza 168 Mean Sakha 93 Giza168 Mean Sakha 93 Giza168 Mean 

Control 40.6 38.6 39.60 11.9 12.4 12.15 32.0 43.3 37.65 11.5 11.7 11.60 

Glutathione  50 44.9 51.0 47.95 12.9 13.8 13.35 53.8 58.6 56.20 12.6 12.8 12.70 

Glutathione  100 53.6 76.7 65.15 13.6 15.4 14.50 58.1 71.3 64.70 13.2 13.7 13.45 

Ascorbic acid  50 48.9 51.3 50.10 14.5 14.8 14.65 51.4 62.3 56.85 14.4 12.1 13.25 

Ascorbic acid  100 42.5 40.4 41.45 13.8 12.4 013.1 37.6 52.6 045.1 14.1 13.6 13.85 

Mean 46.1 51.6  13.34 13.76  46.58 57.62  13.16 12.78  

LSD at 5% 

Cultivars =0.40 

Treatments =0.74 

Cultivar X treatment =1.05 

Cultivars =NS 

Treatments =0.62 

Cultivar X treatment =0.87 

Cultivars =0.19 

Treatments =0.96 

Cultivar X treatment =1.36 

Cultivars =0.29 

Treatments =0.61 

Cultivar X treatment =0.86 

 
The increase in the photosynthetic pigments (Table 6) in the 

two wheat cultivars is associated with the increase in the 

percentage of carbohydrate (Table 8). The results in Table 8 

indicate that Glut. at 100 ppm caused significant increase in 

carbohydrate content as compared to the corresponding 

control. In addition, total protein content were quantitatively 

increased at 100ppm Glut. in the leaves of the two cultivars 

(Table 8). 

4. Discussion 

Glutathione is crucial for biotic and abiotic stress 

management. It is a pivotal component of glutathione- 

ascorbate cycle, a system that reduces poisonous hydrogen 

peroxide [11]. Glutathione is required for efficient defense 

against plant pathogens [22]. It is used as electron donor in 

APS reductase (adenosine 5-phosphosulfate reductase), an 

enzyme of the sulfur assimilation pathway. Glutathione also is 

used as substrate in other enzymes as glutaredoxin, these small 

oxidoreductases are involved in flower development, salicylic 

acid and plant defense signaling [23]. 

Ascorbate is a major metabolite in plants. It is an 

antioxidant and, in association with other components of the 

antioxidant system, protects plants against oxidative damage 

resulting from aerobic metabolism, photosynthesis and a 

range of pollutants [24]. 

In the present results, when the two wheat cultivars Sakha 

93 and Giza168 foliarly treated with Glut. or ASA performed 

similar trend in responses of most criteria of growth. The two 

cultivars were highly significantly increased in growth i.e 

plant height as well as fresh and dry weight of shoot (Table 2). 

The two cultivars showed great responses to higher 

concentration 100 ppm of Glut. whereas showing high 

growing rate with the lower concentration 50 ppm of ASA. 

Previous studies have demonstrated that ASA. increased 

wheat growth [4,5,6]. It have been reported that Glut. also 

increased plant growth [25 and 26]. The increase in plant 

growth by Glut. or ASA. may be attributed to the enhancement 

of cell division [27]. Noctor et al. [28] referred that plants 

cannot survive without glutathione that has functions in plant 

development which cannot be performed by other thiols or 

antioxidants. 

Enhancement of the two wheat cultivars growth by Glut. or 

ASA. was associated with parallel increase in yield expressed 

as increased number of spikes per plant, number of spiklets 

per spike and grain yield per spike, weight of 1000 grains 

(Tables3&4). These reflected on significant increases in the 

grain yield (yield/fed.). EL-Hosary et al. [29] reported that 

treatment of wheat cultivar (Sakha 93) with ascorbic acid at 

100 mg/l resulted in significant increase in grain yield. In 

addition, Mohamed [30] obtained significant growth, grain 

yield and its components of wheat cv.Masr-1 in response to 

foliar application of ascorbic acid. 

The importance of glutathione in its involvement in the 

formation of phytochelatins and together with its oxidized 

form (GSSG) make up the redox couple (GSH/GSSG), which 

plays an essential role in maintenance of the cellular 

homeostasis and signaling system in plants [31]. Consequently, 

importance of glutathione may be attributed to that it is roles 

in biosynthetic pathways, detoxification, antioxidant 
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biochemistry and redox homeostasis [28]. 

Increased metabolic activity of wheat plants could be 

attributed to the resulted corresponding increase in 

photosynthetic pigments (Table 6) consequently the content of 

carbohydrate [32] in addition to increase of protein synthesis 

(Table 8). The increase in the biosynthesis of total free amino 

acids (Table 7) may be the cause of increasing protein 

biosynthesis [33]. Based on the above conclusion of several 

workers, as well as the results in Tables 6, 7 and 8 the 

increases in metabolic activities may be attributed to 

Glutathione role in biosynthetic pathways, detoxification, 

antioxidant biochemistry and redox homeostasis [28 and 31]. 

In addition, Al-Muwayh [34] reported increase in protein 

synthesis of Phaseouls vulgaris L. by various concentrations 

of ascorbic acid. 
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