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Abstract 

Drought is a major abiotic stress, severely affecting the physiological processes and  growth of 

plants. The present investigation aimed to evaluate the impacts of drought stress with three periods 

for irrigation: every 3 days(control), every 6 days, and every 12 days and foliar spray with different 

concentrations of ascorbic acid (0, 75, 150, 225) mg.L-1  on the wheat plant. Pots experiment was 

conducted as a completely randomized design with three replications in the green house, 

Department of Biology, College of Education for Pure Science (Ibn Al- Haitham), University of 

Baghdad, during the growing season, 2018 – 2019. The results indicated that drought stress 

decreased plant growth and hastened the senescence of flag leaves, which is significantly 

associated with a decrease in the quality and quantity of grain yield. Foliar spray with ascorbic 

acid enhanced plant drought tolerance in terms of plant height, shoot dry weight, flag leaf traits 

(flag leaf area, flag leaf chlorophyll and the concentration of macronutrients such as nitrogen, 

phosphorous, potassium) and some yield components (spike length, grain weight. pot-1 and protein 

percentage of grains). The results indicated the efficiency of ascorbic acid foliar spray on 

vegetative growth, flag leaf traits and some yield components of wheat plants affected by drought 

stress and the superiority to 150 mg.L-1 ascorbic acid in which plants can resist the unfavorable  

drought stress periods(12 days).  

 Keywords: Drought stress, Ascorbic acid, wheat plant, Flag leaf. 

1.Introduction 

Wheat plant is the most strategic and major food crop all over the world, and different biotic and 

abiotic stresses reduce its yield [1,2]. Drought stress, which is abiotic stress, affects different stages 

of plant growth, is  a major restriction to agricultural productivity around the world.  It affect 

photosynthesis which is considered  a basic physiological process [3,4]. Photosynthesis is the 
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source of dry matter and grain yield in crop plants, and flag leaf photosynthesis contributes about 

30-35% of carbon necessary for grain filling and early senescence limits the yield potential [5]. 

Drought stress causes oxidative damage through the production of free oxygen radicals in cells 

These toxic free radicals attack lipids, proteins, and nucleic acid, leading to damage to the integrity 

of the cell membrane [6]. Drought stress affects plant growth, especially at grain filling, and a clear 

reduction  in the number  of leaves and leaf area [7]. 

Ascorbic acid (AsA), referred to as vitamin C , is a powerful water-soluble antioxidant in plants 

[8]. ASA act as an adjuster for plant development through hormone signaling and as a coenzyme 

in reactions such as fats, carbohydrates, and proteins metabolism. Moreover, it   involved in the 

regulation of many important processes such as photoinhibition, cell elongation and 

differentiation, growth and development, flowering senescence and photosynthesis [9, 10]. [11] 

referred that ascorbic acid foliar spraying resulted in improvement of the vegetative growth, grains 

yield and chemical components of barley plants.  

This study is an attempt to light more evidence about the effectiveness of ascorbic acid foliar spray 

in increasing the resistance of wheat plants affected by drought stress. 

2. Materials and methods 

The experiment was carried out in the green garden, Department of Biology, College of Education 

for Pure Science (Ibn Al-Haitham), University of Baghdad, during the growing season 2018 – 

2019, to assess  the effect of drought stress and ascorbic acid foliar spray on vegetative growth and 

flag leaf traits and some yield components of wheat plants. The experiment was laid out in a 

completely randomized design CRD with three replications. Healthy uniform grains were sown in 

the pots with a capacity of 11 kg soil on 11/11/2018. Thinning of seedlings was  done after two 

weeks from germination. Drought stress was conducted in three periods:  

The first period was referred to as 3D (irrigation every 3 days) and considered a control treatment. 

The Second period was referred to as 6D (irrigation every 6 days).  Third period was referred to 

as 12D ( irrigation every 12 days). 

Plants were foliar sprayed with ascorbic acid (0,75, 150, 225) mg.L-1 twice on 26/12/2018 and on 

7/1/2019, in the early morning. Four random plants per pot were harvested on 16/1/2019 Plant 

heights were measured for each treatment and plant samples were oven dried at 65 C° to stable 

mass, the dry weights of shoots were measured. Some flag leaf traits were calculated: flag leaf area 

as [12]. flag leaf chlorophyll using SPAD and the concentration of macronutrients, nitrogen as 

[13], phosphorous as [14], and potassium as [15]. Three plants were harvest on 22/4/2019 and 

some yield components were calculated: spike length, grains weight. pot-1,and protein percentage 

of grains as [16 ]. Statistical analysis of the experimental data was done by SAS 2012, and the 

comparisons of means were done via the least significant difference (LSD) test p≤ 0.05. 

3. Results and Discussion 

Data in Tables (1, 2) indicated that increasing drought stress periods from 3 to 12 days caused a 

significant and gradual reduction in averages of plant height, and shoot dry weight by (22.39, 

25.21) % relative to their unstressed control. Spraying ascorbic acid at different concentrations 

induced a significant increase; the maximum increase was detected at 150mg.L-1 by (21.00, 32.26) 



IHJPAS. 36 (3) 2023 

23 
 

%, respectively, more than their controls for both parameters. Worthy to mention the combination 

of the dual factors, 150 mg.L-1 ascorbic acid can minimize the hard effects of drought stress (12 

day) on plant height and shoot dry weight their values were increased to 62.84 cm, 3.17gm in 

comparison with their values 42.00 cm, 1.98 mg at the same drought stress period but without 

ascorbic acid treatment.  

Table 1. Effect of drought stress and ascorbic acid on plant heights (cm). 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

69.91 71.30 74.20 68.28 65.88 3D 

62.09 63.50 64.88 61.00 59.00 6D 

54.26 60.08 62.84 52.10 42.00 12 D 

Drought stress = 0.85           Drought stress x Ascorbic acid = 1.70   LSD 0.05 

 64.96 67.31 60.46 55.63 Ascorbic acid average 

                 Ascorbic acid = 0.98                   LSD 0.05 

 

Table 2. Effect of drought stress and ascorbic acid on shoot dry weights (gm). 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

3.61 3.57 4.07 3.48 3.30 3D 

3.17 3.34 3.52 3.00 2.82 6D 

2.70 3.06 3.17 2.57 1.98 12D 

Drought stress = 0.021           Drought stress x Ascorbic acid = 0.042   LSD 0.05 

 3.32 3.59 3.02 2.70 Ascorbic acid average 

                 Ascorbic acid = 0.025                   LSD 0.05 

 

Leaf senescence usually occurs during stress, flag leaf area and the content of chlorophyll were 

measured in plants to assess the impact of drought stress, both are related to visual symptoms of 

plant illness. Data in Tables (3, 4) showed that averages of flag leaf area and flag leaf chlorophyll 

were significantly decreased under drought stress: the highest period caused the highest significant 

decrease for both parameters by (31.62, 16.76) %. Application of ascorbic acid up to 225 mg.L-1 

induced a significant increase in the average of parameters: the maximum significant increase was 

achieved at 150mg.L-1 by (32.90, 17.43) % more than control plants. The combination of  the dual 

factors was  confirmed, 150 mg.L-1 ascorbic acid can counteract the unfavorable effects of drought 

stress (12 days) and raised the value of flag leaf area and chlorophyll, they were 28.83 cm2, 38.90 

SPAD, in comparison  with their values 18.19 cm2, 29.40 SPAD at the same drought stress period 

but without ascorbic acid treatment. 

Table3. Effect of drought stress and ascorbic acid on flag leaf area (cm2). 

Drought stress 

average 

Ascorbic acid concentrations (mg.L-1) Drought stress 

(Day) 225 150 75 0 

35.48 36.26 37.52 35.28 32.88 3D 

31.14 32.85 35.92 29.90 25.88 6D 

24.26 26.50 28.83 23.52 18.19 12D 

Drought stress = 0.86          Drought stress x Ascorbic acid = 1.72   LSD 0.05 

 31.87 34.09 29.57 25.65 Ascorbic acid average 

                 Ascorbic acid = 0.99                   LSD 0.05 
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Table 4. Effect of drought stress and ascorbic acid on flag leaf chlorophyll (SPAD). 

Drought stress 

average 

Ascorbic acid concentrations (mg.L-1) Drought stress 

(Day) 225 150 75 0 

42.30 41.42 45.20 42.77 39.80 3D 

37.78 38.24 39.20 37.87 35.80 6D 

35.21 37.12 38.90 35.42 29.40 12D 

Drought stress = 0.96          Drought stress x Ascorbic acid = 1.92   LSD 0.05 

 38.93 41.10 38.69 35.00 Ascorbic acid average 

                 Ascorbic acid = 1.11                   LSD 0.05 

Data in Tables (5, 6, 7) indicated that the average  nitrogen, phosphorous and potassium 

concentrations in flag leaf were reduced and correlated with increasing drought stress periods to 

12 days by (24.56, 22.73, 19.40) %, respectively, relative to their unstressed controls. Adding 

ascorbic acid as foliar spray improved macronutrient concentrations and there was clear superiority 

to 150 mg.L-1, for giving the highest average by (28.24, 20.00, 29.60) % more than their controls. 

The combination of   the two factors was  significant; 150 mg.L-1 ascorbic acid reversed the 

negative effects of 12 days of  drought stress on macronutrients concentrations and gave values 

(2.40, 0.38, 2.75) %  compared with their values (1.80, 0.27, 1.61)% at the same drought stress 

period but without ascorbic acid treatment. 

Table 5. Effect of drought stress and ascorbic acid on nitrogen concentrations (%) of flag leaf. 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

2.85 2.84 3.10 2.80 2.67 3D 

2.48 2.70 2.80 2.40 2.01 6D 

2.15 2.38 2.40 2.00 1.80 12D 

Drought stress = 0.027 Drought stress x Ascorbic acid = 0.055 LSD 0.05 

 
2.64 2.77 2.40 2.16 Ascorbic acid average 

Ascorbic acid = 0.032 LSD 0.05 

 

Table 6. Effect of drought stress and ascorbic acid on phosphorous concentrations (%) of flag leaf. 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

0.44 0.42 0.47 0.43 0.42 3D 

0.40 0.40 0.42 0.40 0.37 6D 

0.34 0.37 0.38 0.33 0.27 12D 

Drought stress = 0.02           Drought stress x Ascorbic acid = 0.03   LSD 0.05 

 0.40 0.42 0.39 0.35 Ascorbic acid average 

                 Ascorbic acid = 0.02                   LSD 0.05 

 

Table 7. Effect of drought stress and ascorbic acid on potassium concentrations (%) of flag leaf. 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

2.99 2.99 3.15 3.01 2.80 3D 

2.58 2.69 2.77 2.57 2.27 6D 

2.41 2.60 2.75 2.68 1.61 12D 

Drought stress = 0.023          Drought stress x Ascorbic acid = 0.046   LSD 0.05 

 2.76 2.89 2.75 2.23 Ascorbic acid average 

                 Ascorbic acid = 0.027                   LSD 0.05 
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Tables (8, 9, 10) illustrated that in response to increasing drought stress periods, the average spike 

length and grains weight. Pot-1, protein percentages of grains were reduced by (23.48, 27.56, 16.70) 

% compared with their controls. Ascorbic acid foliar spray, up to 225 mg.L-1
 increased the average 

of yield components, and the best increase was pronounced at 150 mg.L-1 by (19.60, 24.27, 

16.94)% more than their controls. Regarding the combination between drought stress and ascorbic 

acid, 150mg.L-1 , ascorbic acid can nullify the effect of extreme drought stress period on yield 

components and gave the values 13.79 cm, 6.48gm 16.89%, in comparison with their values 10.13 

cm, 4.21gm, 14.10% at the same drought stress period but without ascorbic acid treatment. 

Table 8. Effect of drought stress and ascorbic acid on spike lengths (cm). 

Drought stress 

Average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

16.40 16.40 17.89 16.28 15.02 3D 

14.50 14.84 15.00 14.29 13.88 6D 

12.55 13.40 13.79 12.88 10.13 12D 

Drought stress = 0.37            Drought stress x Ascorbic acid = 0.74   LSD 0.05 

 14.88 15.56 14.48 13.01 Ascorbic acid average 

                 Ascorbic acid = 0.43                   LSD 0.05 

 

Table 9. Effect of drought stress and ascorbic acid on grains weights (gm).pot-1. 

Drought stress 

Average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

7.80 8.10 8.20 7.66 7.23 3D 

6.75 7.21 7.14 6.55 6.10 6D 

5.65 6.40 6.48 5.52 4.21 12D 

Drought stress = 0.020 Drought stress x Ascorbic acid = 0.039 LSD 0.05 

 
7.24 7.27 6.58 5.85 Ascorbic acid average 

Ascorbic acid =0.023 LSD 0.05 

 

Table 10. Effect of drought stress and ascorbic acid on protein percentages (%)of grains. 

Drought stress 

average 

Ascorbic acid concentrations(mg.L-1) Drought stress 

(Day) 225 150 75 0 

19.07 19.52 20.74 18.52 17.49 3D 

17.40 17.64 18.29 17.44 16.22 6D 

15.87 16.79 16.89 15.68 14.10 12D 

Drought stress = 0.09            Drought stress x Ascorbic acid = 0.18   LSD 0.05 

 17.98 18.64 17.21 15.94 Ascorbic acid average 

                 Ascorbic acid = 0.10                   LSD 0.05 

 

The results showed a reduction in the growth and yields of wheat plants because drought causes 

dehydration to leaves mesophyll and reduces its efficiency for using CO2 and causes 

photosynthesis inhibition [3]. Drought stress caused oxidative damage, and ROS production was 

enhanced due to the inhibition of carbon dioxide assimilation and changes in photosystem 

activities. CO2 fixation is limited due to stomata closure which in turn leads to a reduced NADP+ 

cycle [17]. Leaf senescence is correlated with resistance to oxidative stress; the degradative 

processes due to leaf senescence are chlorophyll damage and leaf area reduction [18]. Plant leaves 

yellowing is considered the first symptom in chloroplast senescence related to the accumulation 

of ROS induced by stress; it might be associated with lipids peroxidation of chloroplast 

membranes, and formation of fatty acids hydroperoxides, and enhances the activity of 
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chlorophyllase, and interferes with protein synthesis binding chlorophyll [19]. Flag leaf can be 

estimated to be a source of carbon to the plants:  high associations were found between flag leaf 

area and grains yield per plant, and its senescence is likely to affect the remobilization of nutrients 

from the shoot to the root [20 ].   

Our results indicated that 150 mg.L-1  ascorbic acid  foliar spray can improve the growth of wheat 

plants . It can modify flag leaf senescence because ascorbic acid   can act as ROS removers or 

ROS chain breakers, thus quenching oxidative free radicals [21]. The anti-oxidant activity of 

ascorbic acid is greatly associated with longevity in plants, and  the stability of its prime oxidation 

product, the monodehydroascorbate radical (MDA) and  its capacity to terminate radical chains 

reactions by disproportionation into the non-toxic product AsA dehydroascorbate [22]. Ascorbic 

acid has   great importance during photosynthesis because it is able to donate electrons to PSI and 

PS II in both normal, and stress conditions [ 23 ].Its application on plants improved total 

chlorophyll rather than through the stimulation of its biosynthesis, or interruption of its degradation 

because, ascorbic acid act as a substrate for ascorbate peroxidase, and it is  able to scavenge ROS 

produced in the thylakoid membrane ,and the high concentrations of it may be detrimental to plant 

growth [24] .  

4.Conclusions  

It could be concluded that ,wheat plants’ treatment with ascorbic acid can curiously increase their 

ability  to survive under hard stress through the inhibition of drought stress induced leaf 

senescence. Ascorbic acid leads to an increase in the concentrations of nutrients in flag leaf and its 

role in improving osmotolerance through regulating nutrient absorption from soil solution. Results 

indicated a clear superiority to 150 mg.L-1 ascorbic acid in which plants can resist the unfavorable 

drought stress periods (12 days).      
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