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Article type: 

 This study aimed to investigate the role of ascorbic acid in improving the 
agronomic and biochemical traits of psyllium under water deficit stress 
conditions. The experiment was conducted in a greenhouse with four 
irrigation regimes (100, 75, 50, and 25% field capacity) and four 
concentrations of ascorbic acid (0, 5, 10, and 20 mM) in a factorial design 
based on a randomized complete block design with three replications. The 

measurements considered plant height, above-ground dry mass, seed yield, 
harvest index, seed mucilage content, total phenolic content, total flavonoid 
content, antioxidant activity (DPPH), phenolic and flavonoid compounds. 
These compounds were gallic acid, rutin, p-coumaric acid, cinnamic acid, 
apigenin and kaempferol in seed extracts. The interaction effect of water 
deficit and application of ascorbic acid was significant on several traits, i.e., 
seed yield, harvest index, seed mucilage content, total phenolic content and 
antioxidant activity. Averaged across all ascorbic acid levels, water deficit 

stress significantly reduced agronomic traits, i.e., plant height, above-
ground dry mass, seed yield and harvest index while increasing the 
mucilage, total phenol, total flavonoid content, and antioxidant activity of 
the seeds. HPLC analysis indicated that the highest levels of gallic acid were 
observed under stress conditions at 75% field capacity and 5 mM ascorbic 
acid treatment (91.467 mg 100 g-1 of seed). Quercetin-3-O-rutinoside 
(rutin) was found under normal conditions with 10 mM ascorbic acid and 
at 75% field capacity with 20 mM ascorbic acid (49.50 and 48.49 mg 100 

g-1 of seed, respectively). Additionally, p-coumaric acid was highest at 75% 
field capacity with 0 mM ascorbic acid (8.47 mg 100 g-1 of seed), while 
cinnamic acid was also highest at 75% field capacity with 0 mM ascorbic 
acid (3.30 mg 100 g-1 of seed). The metabolites apigenin and kaempferol 
were not detected in the seeds. The increase in seed yield and quality of P. 
ovata, resulting from the exogenous application of ascorbic acid under 
water stress and non-stress conditions, could be a promising strategy for 
enhancing drought tolerance and increasing the production of bioactive 

compounds in seeds. 
 
Abbreviations: Ascorbic acid (AsA), Plant height (PH), Dry mass (DM), 
Seed yield (SY), harvest index (HI), Total phenol content (TPC), Total 
flavonoid content (TFC), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Normal 
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Introduction
Plantago ovata L., a dicot annual herb, belongs to the 

Plantaginaceae family and has been used in folk 

medicine  for many years. It is indigenous to the 

Mediterranean region of Europe, Southwest Asia, 
Southeast Spain, and North Africa (Dhar et al., 2005; 

Talukder et al., 2016). This plant is a well-known 

medicinal plant because of the laxative nature of its 

seed mucilage, which is extensively applied for the 

treatment of intestinal disorders (Kundu et al., 2018; 

Ltaeif et al., 2021). Additionally, its seeds are 

effective at inhibiting diarrhea, 

hypercholesterolemia, constipation, atherosclerosis, 

diabetes, and, obesity and have antioxidant and 

antibacterial activities (Sahagun et al., 2015; 

Budzianowska et al., 2024). Aqueous extracts of 
seeds contain high amounts of hemicellulose and 

anionic polysaccharides such as D-xylose, L-

arabinose, and D-galacturonic acid (Gupta et al., 

2015; Khedher et al., 2024). 

P. ovata contains bioactive compounds such as 

polyphenols, which have excellent medicinal 

characteristics. Polyphenols include simple 

molecules such as phenolic acids and large and 

polymerized compounds such as tannins, which are 

produced during the secondary metabolism of crops. 

Some natural polyphenols are flavonoids, phenolic 

acids, xanthones, lignans, stilbenes, tannins, 
anthraquinones, hydroxycinnamic acids, and 

neolignans, which possess antioxidant activity 

(Talukder et al., 2016). A biochemical analysis of P. 

ovata seeds revealed the presence of flavonoids 

(plantaovaside, rutin, luteolin 4-glucoside, luteolin 

7-glucoside, and apigenin 7-glucoside), 

phenylethanoids (forsythoside B, acteoside, 

verbascoside, and plantamajoside) (Budzianowska et 

al., 2024), kaempferol, organic acids, amino acids, 

and simple sugars (Frezza et al., 2021). 

Water deficit stress can negatively affect the growth 
and yield of various crops by influencing their 

physiological and biochemical processes (El-

Beltaghi et al., 2020; Farooq et al., 2020; Ghassemi 

et al., 2023). Under severe or prolonged water stress, 

a portion of the energy generated by incident photons 

may be transmitted into processes of reactive oxygen 

species (ROS) production, such as hydrogen 

peroxide (H2O2), and cause oxidative damage to crop 

tissues (Jiang and Zhang, 2002). Nevertheless, plants 

can activate enzyme antioxidant systems, such as 

superoxide dismutase, catalase, ascorbate 

peroxidase, polyphenol oxidase or glutathione 
reductase, and non-enzymatic antioxidant systems, 

including phenolic compounds, alkaloids, 

terpenoids, vitamins, glutathione, tocopherols, 

carotenoids, and ascorbic acid, to decrease oxidative 

damage (Agarwa and Pandey, 2004; Penella, 2017; 

Gaafar et al., 2020). Phenolic compounds are 

effective in the growth and reproduction of plants 

and in scavenging free radicals produced under 

abiotic and biotic stress conditions (Balasundram et 

al., 2006). Drought stress in medicinal, spice, and 

aromatic plants can serve as an elicitor, inducing 
increased production of secondary metabolites 

(Selmar and Kleinwächter, 2013). It has been 

reported that medicinal plants grown in semi-arid 

regions produce more bioactive compounds than 

similar species in temperate regions. This is because 

metabolic processes, such as reduced CO2 fixation 

in the Calvin cycle, lead to the production of more 

reduced compounds, including isoprenoids, phenols, 

and alkaloids (Kleinwächter and Selmar, 2015). 

Ascorbic acid, a water-soluble molecule, is a notable 

nonenzymatic antioxidant that plays an important 
role in the detoxification of ROS and the regulation 

of other essential biological processes in plants under 

stress conditions (Penella et al., 2017). It acts as an 

antioxidant, a co-factor for several enzymes, a main 

redox buffer, and a precursor for oxalate and tartrate 

production and modulates phytohormones, which are 

involved in signaling routes of cell growth and 

development, mitosis, the transition from the 

vegetative stage to the productive stage, and 

senescence (Beltaghi, 2008; Rigano et al., 2017; 

Gallie, 2013). Several studies have reported that the 

application of ascorbic acid improves the growth, 
yield, and quality of bioactive compounds in various 

plants, such as quinoa (Chenopodium quinoa Wild.) 

(Aziz et al., 2018), common bean (Phaseolus 

vulgaris L.) (Gaafar et al., 2020), Ocimum sanctum 

L. (Munir et al., 2021), milk thistle (Silybum 

marianum L.) (Zahra et al., 2021), and mung bean 

(Vigna radiata L. Wilczek) (Shahzadi et al., 2023). 

Drought stress imposes major limitations on crop 

growth and productivity, particularly in arid regions. 

To mitigate its adverse effects, various strategies 

have been explored, among which the application of 
ascorbic acid has shown promising potential. Given 

the wide range of medicinal properties attributed to 

Plantago ovata (psyllium), this study investigated 

the role of ascorbic acid in improving key agronomic 

traits under drought stress. Furthermore, since 

limited research has focused on the interaction 

between stress conditions, ascorbic acid, and the 

biosynthesis of bioactive compounds in psyllium, the 

present work also examined its impact on important 

medicinal metabolites, including rutin, apigenin, 

kaempferol, p-coumaric acid, and gallic acid. 

 

Materials and Methods 
Plant materials and chemicals 
Seeds of Plantago ovata L. were collected from their 

natural habitats in the Sangan region of Khash, Iran. 
All the standards and chemicals used in this study 

were prepared from Sigma Aldrich (St. Louis, MO, 

USA). 
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Experiment setup and irrigation treatments 
A pot experiment was performed in a greenhouse 

located in the Sangan region of Khash, Iran  

(23ᴼ34'56'' N, 61ᴼ19'11'' E, 1633 m), with 

temperatures at 29/16 ± 2 °C D/night, a relative 

humidity of 35–50%, and a natural photoperiod of 11 

h. The experiment was conducted as a factorial 
design on the basis of a randomized complete block 

design with three replicates in February 2024. Four 

ascorbic acid concentrations (0, 5, 10, and 20 mM) 

were used according to the literature (Jahanbakhsh et 

al., 2022; Eskandarzadeh et al., 2025) as well as four 

irrigation treatments (100, 75, 50, and 25% of water 

requirement (mild, moderate, and severe water 

stress, respectively). To apply drought stress, a 

gravimetric method was used, involving a digital 

scale with an accuracy of 0.001 grams. 

The seeds were surface sterilized in 10% (v/v) 

sodium hypochlorite solution for 10 min and then 
washed with distilled water four times. The plants 

were subsequently sown at a depth of 0.5 cm in 

plastic pots that were 13 cm in height and 13 cm in 

diameter. These pots contained 1 kg of soil from the 

plant growth region on February 4, 2024, and were 

kept in a greenhouse. Three weeks after sowing, the 

plants were thinned, and two plants remained in each 

pot. For each experimental unit, two pots were used. 

The soil texture was sandy (sand 70%, silt 12%, and 

clay 18%), the pH was 7.97, and the electrical 

conductivity was 1.1 dSm-1. 
All the pots were irrigated to field capacity from the 

beginning of the experiment to the establishment of 

the seedlings. After seedling establishment, 

irrigation regimes were applied and continued until 

physiological maturity. To apply the irrigation 

regimes, the pots were weighed daily to maintain the 

soil moisture content at the levels corresponding to 

each irrigation regime. Ascorbic acid foliar spraying 

was performed three times: at the beginning of 

blooming, flowering, and seed formation. The 

control plants were sprayed with distilled water. The 
seeds were harvested at physiological maturity. 

 

Agronomic parameters 
Agronomic parameters, including plant height (PH), 

aboveground dry mass (DM), seed yield (SY), and 

the harvest index (HI), were measured in two plants 

in each experimental unit at the physiological 

maturity stage, and the average values were used in 

the subsequent analyses. The plants from each 

experimental unit were harvested and air-dried in the 
shade, after which the DM was weighed. For the 

evaluation of seed yield, the seeds were separated 

from the single plant, weighed, and expressed in 

grams per plant (g plant-1). Harvest index was 

determined on the basis of the ratio of seed yield to 

above-ground dry mass (DM) and reported as a 

percentage. 

Biochemical parameters 

Seed mucilage content 
The mucilage content was measured as described by 

Gupta et al. (2015), with slight modifications. 0.1 N 

HCl (10 mL) was heated to boil in a 100 mL flask. 
After that, the flask was removed from the flame, and 

dried seeds (1 g) were added to it. The solution was 

again heated, and the dissolution of the seed husk 

was observed. The flask was then removed from the 

flame when all the seeds had changed color, and the 

obtained solution was filtered. To separate residual 

traces of mucilage, the seeds were washed twice with 

hot water (5 mL), after which they were filtered. The 

filtered solution was mixed with 95% ethyl alcohol 

(60 mL), shaken, and incubated for 5 h. Then, the 

supernatant was discarded, and the flask containing 
the precipitate was dried in an oven at 50 °C. The 

dried precipitate was weighed, and the amount of 

seed mucilage was expressed as a percentage. 

 

Total phenol content (TPC) 
To prepare the extract, 10 mL of 80% methanol was 

added to 1 g of the dried and powdered seeds, which 

were shaken at 110 rpm for 8 h, after which the 

samples were filtered. Folin‒Ciocalteu reagent was 
used to measure the amount of TPC, as explained by 

Ardestani and Yazdanparast (2007), with some 

changes. In a 10 mL test tube, 0.5 mL of the extract 

was mixed with 2.5 mL of 10% Folin–Ciocalteu’s 

reagent and 2 mL of 7.5% sodium carbonate, and 

then, the mixture was vigorously shaken for 15 min 

at 45 °C in a hot water bath. The absorbance of each 

sample was measured at 765 nm via a 

spectrophotometer. By using the gallic acid 

calibration curve, the amount of TPC was calculated 

and reported as mg of gallic acid equivalent per g of 

dry weight (GAE mg g-1 DW). 
 

Total flavonoid content (TFC) 
The TFCs were estimated as described by Zhang et 

al. (2015), with slight modifications. A total of 125 

µL of the sample extract and 75 µL of 5% NaNO2 

solution were mixed. After 6 min, 150 µL of 10% 

AlCl3 was added to the mixture, and after 5 min, 750 

µL of 1 M NaOH was mixed with it. Finally, the 

sample volume was increased to 2500 µL by adding 
distilled water. After 15 min, the absorbance was 

read at 510 nm. The value of the TFC was measured 

via a quercetin calibration curve and expressed as mg 

of quercetin equivalent per g of dry weight (QE mg 

g-1 DW). 

 

Radical scavenging activity via the DPPH 

assay 
Antioxidant activity was measured by evaluating the 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging capacity (Girennavar et al., 2007) with 

some modifications. Seed extracts (0.1 mL) were 
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added to 2 mL of DPPH methanolic solution (0.1 

mM) and kept in the dark at 25 °C for 30 min. Then, 

the absorbance of the control sample (DPPH 

methanolic solution (0.1 mM)) (AC) and samples 

containing the seed extract (As) were read at 517 nm. 

The percentage of inhibition was estimated via the 

following formula: 

 

%inhibition =  [
Ac −  As

𝐴𝑐
]  ×  100 

 
Where As and Ac are the absorbance values of the 

plant samples and the control sample, respectively. 

 

Analysis of phenolic and flavonoid compounds 

via HPLC 
Phenolic and flavonoid compounds were determined 

via an Agilent 1260 Infinity II high-performance 
liquid chromatography (HPLC) system (Agilent, 

USA). To obtain the extract, 0.1 g of dried and milled 

seeds was added to a 10 mL solution of HPLC-grade 

methanol (80%). The mixture was shaken at 110 rpm 

and 25 °C for 8 h and then filtered through a 0.22 µm 

acrylic disk of nylon. Flavonoid compound 

separation was carried out with a reverse-phase C18 

column (250 × 4.6 mm, 5.0 µm) as the stationary 

phase and a combination of two solvent gradient 

systems containing water (solvent A) and acetonitrile 

(solvent B) as the mobile phase, which was injected 
into the column at a flow rate of 1.000 mL min-1, and 

the absorbance was read at 330 nm (Mattila et al., 

2000). Phenolic compounds were separated with an 

aqueous formic acid solution of 0.1% (A) and 

methanol (B) as the mobile phase at a flow rate of 0.3 

mL min-1, and the absorbance was read at 280 nm 

(Goupy et al., 1999). The compound concentrations 

of the seed extracts were measured via standard 

curves of phenolic and flavonoid substances through 

comparisons of retention times and peak areas and 

recorded as mg per 100 g of dry weight of sample. 

 

Statistical analysis 
A factorial experiment was conducted based on a 

completely randomized block design with three 

replications. First, the data normality test was 

performed using the Kolmogorov-Smirnoff method, 

and after confirming the normality of the data, the 

errors were also examined for normality. using 

Minitab statistical software (Version 14). 

Subsequently, variance analysis and mean 

comparisons were conducted using the LSD test at a 

5% significance level via the SAS statistical program 
(Version 9.1). Charts were created using Excel 

software. 

 

Results 
The simple effect of each factor (irrigation regime 

and exogenous ascorbic acid) had significant effects 
at the 1% level on all the measured traits in the 

greenhouse experiment, except for the effect of 

exogenous ascorbic acid on the total flavonoid 

content. The interaction effect of irrigation regime 

and external ascorbic acid was significant for seed 

yield, harvest index, mucilage, total phenol content, 

and antioxidant activity (Table 1).  

 
Table 1. Analysis of variance (mean squares) for different traits of Plantago ovata L. evaluated at four levels of irrigation 

regimes (IR) and four levels of exogenous ascorbic acid (AsA) in three replicates (R). 

 DF PH DM SY HI Muc. TPC TFC AA 

R 2 0.813ns 0.593ns 0.009ns 5.037ns 1.538ns 0.025ns 0.001ns 19.295ns 

IR 3 31.833** 44.064** 3.042** 52.378** 10.370** 44.967** 2.495** 549.146** 

AsA 3 19.500** 38.050** 1.964** 18.634** 12.900** 12.606** 0.0009ns 1235.058** 

IR × AsA 9 0.481ns 1.009ns 0.209** 13.936** 3.154** 0.708* 0.008ns 49.960** 

Error 30 0.835 0.490 0.009 3.665 0.719 0.245 0.007 11.433 

DF, degree of freedom; PH, plant height; DM, above-ground dry mass; SY, seed yield; HI, harvest index; Muc., 

mucilage; TPC, total phenolic content; TFC, total flavonoid content; AA, antioxidant activity. ns, non-significant; 
* and **, significant at P ≤ 0.05 and at P ≤ 0.01, respectively. 

 

 

Effects of water stress and exogenous ascorbic 

acid (AsA) on agronomic parameters 
Water stress, 75, 50, and 25% field capacity (mild, 

moderate, and severe water stress, respectively) led 

to significant decreases in the mean plant height 
(PH), plant aboveground dry mass (DM), seed yield 

(SY), and harvest index (HI). The plant height, plant 

aboveground dry mass (DM), seed yield (SY), and 

harvest index (HI)values gradually decreased with 

increasing stress intensity until they reached their 

lowest values under severe stress conditions. 

Compared with those under the control (non-stress) 

conditions, the average amounts of plant height, 

plant aboveground dry mass (DM), seed yield (SY), 

and harvest index (HI) decreased by 11.84, 10.35, 



Kord et al.,                                                            Int. J. Hort. Sci. Technol. 2027 14 (2): 325-338 

 

329 

21.91, and 4.93%, respectively, under mild stress 

conditions; by 17.76, 29.25, 41.03, and 15.34%, 

respectively, under moderate stress conditions; and 

by 30.94, 46.67, 60.62, and 23.74%, respectively, 

under severe stress conditions (Table 2). 

 
Table 2. Mean comparison of the irrigation regimes (IR) and exogenous ascorbic acid treatments (AsA) for different traits of 

Plantago ovata L. 

 
PH 

(cm) 

DM 

(g plant-1) 

SY 

(g plant-1) 

HI 

(%) 

Muc. 

(%) 

TPC 

(mg GAE g-1 DW) 

TFC 

(mg QE g-1 DW) 

AA 

(%) 

IR         

100% 

WR 
12.66a 9.61a 1.94a 19.63a 15.32c 7.58d 1.182d 58.82c 

75% 

WR 
11.167b 8.16b 1.51b 18.67a 16.08b 9.25c 1.37c 69.92b 

50% 

WR 
10.41b 6.80c 1.14c 16.62b 16.51b 10.62b 1.68b 71.98ab 

25% 

WR 
8.75c 5.13d 0.76d 14.97c 17.55a 12.12a 2.22a 73.93a 

AsA         

0 mM 9.00c 5.17c 0.83d 16.21b 14.92c 8.73d 1.60a 57.19d 

5 mM 10.66b 6.86b 1.21c 16.89b 16.54b 9.55c 1.61a 63.98c 

10 mM 11.41ab 8.61a 1.55b 17.68ab 16.59b 10.13b 1.62a 73.22b 

20 mM 11.91a 9.06a 1.76a 19.11a 17.40a 11.16a 1.62a 80.26a 

PH, plant height; DM, above-ground dry mass; SY, seed yield; HI, harvest index; Muc., mucilage; TPC, total 

phenolic content; TFC, total flavonoid content; AA, antioxidant activity; WR, water requirement. In each column 

and within irrigation regimes and exogenous ascorbic acid treatments, means with similar letters indicate non-

significant difference at P ≤ 0.05 based on the least significant differences. 

 

The values of plant height, plant aboveground dry 

mass (DM), seed yield (SY), and harvest index (HI) 

increased as the concentration of external AsA 
increased and reached a maximum at the highest 

concentration (20 mM). On average, over all the 

irrigation regimes, foliar-applied AsA at a 

concentration of 5 mM increased the plant height, 

plant aboveground dry mass (DM), seed yield (SY), 

and harvest index (HI)by approximately 15.63, 

24.71, 31.00, and 4.07%, respectively; 10 mM 

exogenous AsA promoted them by approximately 

21.17, 40.01, 46.08, and 8.35%, respectively; and 20 

mM AsA enhanced these traits by approximately 

24.48, 42.97, 52.47, and 15.18%, respectively, in 

comparison with the non-application of AsA (Table 
2). 

Moreover, the increase in seed yield (SY) and 

harvest index (HI) caused by exogenous AsA 

depended on the irrigation treatment. Compared with 

those under the other irrigation regimes, the greatest 

increases in seed yield (SY) and harvest index (HI) 

were associated with all the exogenous AsA 

concentrations obtained under non-stress conditions. 

The highest amounts of seed yield (SY) and harvest 

index (HI) were recorded under non-stress 

conditions and 20 mM concentrations of external 

AsA (2.69 g plant-1 and 22.22%, respectively). In this 

treatment, the amounts of increase in seed yield (SY) 
and harvest index (HI) were 65.43 and 33.48%, 

respectively, compared with those in the control (Fig. 

1). 

 

Effects of water stress and exogenous AsA on 

the biochemical parameters of seeds 
Our results indicated that both factors (water stress 
and exogenous AsA) at all water stress levels and 

concentrations of external AsA had significantly 

positive effects on the accumulation of mucilage, 

total phenol content (TPC), and total flavonoid 

content (TFC), and increased antioxidant activity 

compared with the control conditions, except for the 

effect of exogenous AsA on TFC. The contents 

increased with increasing stress intensity and 

external AsA concentration. Compared with those 

under the control (non-stress) conditions, the 

percentages of mucilage, TPC, TFC, and antioxidant 
activity increased by 4.97, 18.06, 14.10, and 15.87%, 

respectively, due to mild water stress; 7.21, 28.63, 

29.93, and 18.28%, respectively, due to moderate 
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water stress; and 12.69, 37.44, 46.91, and 20.44%, 

respectively, due to severe water stress (Table 2). 

Compared with the non-application of AsA, foliar 

application of AsA at a concentration of 5 mM 

increased mucilage, TPC, and antioxidant activity by 

approximately 9.78, 8.54, and 10.60%, respectively. 

Compared with the non-application of AsA, the 10 

mM concentration promoted these traits by 

approximately 10.03, 13.86, and 21.88%, 

respectively, and the 20 mM concentration increased 

these traits by approximately 14.22, 21.82, and 

28.74%, respectively (Table 2). 

 

 

 

Fig. 1. Mean comparison for interaction of irrigation regime and exogenous ascorbic acid (AsA) on seed yield and harvest 

index of Plantago ovata L. FC, field capacity; means with similar letters indicate non-significant difference at P ≤ 0.05 based 
on the least significant differences. 

 
Moreover, the amount of increase in mucilage, TPC, 

and antioxidant activity caused by exogenous AsA 

depended on the irrigation regime. The lowest and 

highest were recorded in non-stresses (13.04%, 5.79 

mg GAE g-1 DW, and 44.08%, respectively), and 

severe water stress conditions and 20 mM foliar-

applied AsA (18.87%, 12.85 mg GAE g-1 DW, and 

86.13%), respectively (Fig. 2). 

 

Effects of water stress and exogenous AsA on 

phenolic and flavonoid compounds in seeds 
The HPLC analysis detected six phenolic and 

flavonoid compounds, including gallic acid, rutin, p-

coumaric acid, and cinnamic acid in seed extract. 

Apigenin and kaempferol were not detected in the 

seed extracts at any concentration of AsA.  
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Fig. 2. Mean comparison for interaction of irrigation regime and exogenous ascorbic acid (AsA) on biochemical traits of seed 
extracts of Plantago ovata L. FC, field capacity; means with similar letters indicate non-significant difference at P ≤ 0.05 

based on the least significant differences. 
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Gallic acid: The highest concentration of gallic acid 

was observed at 75% of field capacity (mild stress) 

with a 5 mM ascorbic acid concentration. In the 

absence of ascorbic acid, the amount of this 

metabolite decreased as stress increased, with a 

recorded level of 22.18 under severe stress (25% of 

field capacity). Therefore, mild stress combined with 

a small amount of ascorbic acid (5 mM) is 

recommended to enhance this secondary metabolite 

(Fig. 3a). 
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Fig. 3. Mean comparison for interaction of irrigation regime and exogenous ascorbic acid (AsA) on phenolic and flavonoid 
compounds in seeds, Gallic acid, Rutin, -p-coumaric acid and Cinnamic acid respectively. 

 
Rutin: The amount of rutin increased with higher 

stress levels and a lack of ascorbic acid; however, 

severe stress (at 25% of field capacity) resulted in a 

decrease in its concentration. Under severe stress 

conditions, increasing ascorbic acid concentration 

led to an increase in this secondary metabolite. 

Specifically, at a concentration of 20 mM ascorbic 

acid, the amount of rutin increased from 2.7 to 27.99 
(Fig. 3b). The highest concentration of this 

compound was observed under normal conditions 

with 10 mM ascorbic acid, as well as under mild 

stress (75% of field capacity) with 20 mM ascorbic 

acid (49.50 and 49.40, respectively). 

p-coumaric acid: The application of ascorbic acid did 

not positively affect p-coumaric acid levels. In most 

conditions, increasing the concentration of ascorbic 
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to the control (non-application) (Fig. 3c). The highest 

concentration of this secondary metabolite was 

observed under mild stress conditions (75% field 

capacity) without the application of ascorbic acid 

(47.8 mg 100 g-1 of seed). 

Cinnamic acid: Stress increased the concentration of 
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compound increased significantly (60.45-fold 
greater than that in the control). The use of ascorbic 

acid also improved cinnamic acid levels under severe 

stress conditions (Fig. 3d). The highest concentration 

of this secondary metabolite was noted under mild 

stress conditions without ascorbic acid application 

(3.30 mg 100 g-1 of seed). 
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Discussion 
In the present study, water stress decreased plant 

height (PH), plant aboveground dry mass (DM), seed 

yield (SY), and the harvest index (HI). These results 

are similar to those reported for P. ovata (Bannayan 
et al., 2008), fennel (Gholami Zali and Ehsanzadeh, 

2018), safflower (Alizadeh Yeloojeh et al., 2020), 

common bean (Gaafar et al., 2020), and summer 

savory (Rasouli et al., 2023). However, the use of 

exogenous AsA improved the growth parameters and 

seed yield under all irrigation regimes (water stress 

and non-stress conditions). These observations agree 

with Dolatabadian et al. (2010), who reported the 

efficiency of exogenous AsA in increasing plant 

height (PH), stem and leaf dry weights, and seed 

yield (SY) under water stress in corn. A study by El-
bially et al. (2018) revealed that crop parameters 

such as the leaf area index, head weight, and seed 

yield (SY) of sunflower under water stress decreased 

with increasing stress intensity and that the 

application of exogenous AsA improved these 

parameters. In another study, an improvement in 

yield attributes caused by AsA was observed 

(Noreen et al., 2021). Zahra et al. (2021) reported 

that AsA treatment increased the quantity of milk 

thistles, including the main panicle length, number of 

flowers, achene yield, and achene 1000 weight. It 

seems that AsA improves cell division and thus 
increases growth. Moreover, AsA, as an antioxidant, 

neutralizes the reactive oxygen species produced due 

to water deficit stress and, as a result, reduces the 

deleterious effects of water deficit stress 

(Dolatabadian et al., 2010). In addition to negatively 

affecting biomass reduction, growth retardation, or 

behavioral changes, drought stress can alter the 

source-sink properties of the entire plant, thereby 

affecting the overall biosynthetic function and the 

allocation and accumulation of secondary 

metabolites by changing the physiological 
characteristics of specific organs or tissues 

(Kleinwächter and Selmar, 2015).  

The accumulation of phenols in plants usually occurs 

due to environmental stresses (Rodriguez et al., 

2011). In the present study, water stress increased the 

levels of secondary metabolites such as total phenol 

content (TPC) and total flavonoid content (TFC) and 

increased antioxidant activity. Similarly, an increase 

in secondary metabolites with antioxidant properties 

under water stress has been reported in other studies 

(Caser et al., 2018; Farooq et al., 2020; Mumivand et 

al., 2021). These metabolites are free radical 
scavengers, such as DDPH; therefore, they protect 

plants against oxidative stress (Kedare and Sing, 

2011). Since stress-related responses broadly affect 

overall metabolism, the synthesis and accumulation 

of secondary metabolites are also influenced by these 

responses (Selmar, 2008). Researchers have reported 

that under stress conditions, stomata close in 

response to water deficiency, which greatly reduces 

carbon dioxide uptake. Consequently, the 

consumption of reducing equivalents (NADPH + H⁺) 

for carbon dioxide fixation via the Calvin cycle 

decreases significantly, leading to a large surplus of 

NADPH + H⁺. As a result, metabolic processes are 

redirected toward the synthesis of highly reduced 

compounds such as isoprenoids, phenols, and 

alkaloids (Selmar and Kleinwächter, 2013a, b). 

Our results revealed that exogenous AsA increased 
the contents of TP and TF and antioxidant activity. 

These observations agree with those of Gaafar et al. 

(2020), who reported positive impacts of water stress 

and foliar-applied AsA on the TP, TF, and tannin 

contents and antioxidant activity in common bean. 

They also reported that the degree of increase in 

these metabolites depended on the irrigation regime. 

Farooq et al. (2020) reported that the total phenolic 

content increased in all four safflower cultivars under 

water stress as well as under foliar application of 

AsA. The accumulation of TP and TF and the 
improvement in antioxidant activity due to the 

exogenous application of AsA in Ocimum sanctum 

L. have also been reported (Munir et al., 2021). 

These results indicate that foliar application of AsA 

activates some gene regulatory mechanisms 

involved in the production of such non-enzymatic 

antioxidants (Farooq et al., 2020). These 

antioxidants can act as cell component stabilizers 

that may decrease the harmful effects of water deficit 

stress (Gaafar et al., 2020). Additionally, in our 

study, the external application of AsA led to an 
increase in both seed yield and secondary 

metabolites under both water stress and non-stress 

conditions, which indicates that AsA may reduce the 

harmful effects of water stress and improve seed 

yield through these metabolites. Phenolic 

compounds are associated with plant antioxidant 

ability (Gaafar et al., 2020; Zaman et al., 2020). In 

the present study, with increasing phenol and 

flavonoid contents, the antioxidant activity 

increased, which shows that these compounds can 

inhibit free radicals. Kainama et al. (2020) reported 

that secondary metabolites, including phenolics and 
flavonoids, have antioxidant effects through free 

radical scavengers, electron donors, and chain 

breakers. In this study, the mucilage content of seeds 

increased under water stress and exogenous AsA 

conditions. These results have already been reported 

by other researchers (Rahimi et al., 2013; Zare et al., 

2023).  

The results of our study revealed a positive impact of 

exogenous AsA on phenolic and flavonoid 

compounds in the seed extracts, but the effect of 

exogenous AsA on bioactive compounds depended 
on the concentration of AsA and the type of 

compounds. Similarly, Abed et al. (2023) reported 

that the effects of methyl jasmonate at different 

concentrations on the bioactive compounds of 



Kord et al.,                                                            Int. J. Hort. Sci. Technol. 2027 14 (2): 325-338 

 

335 

Moringa oleifera (Lam.) were different. They 

reported that the highest amount of baicalin was 

found in the 30 mg L-1 MeJa group, whereas the 

maximum accumulation of rutin, hesperidin, 

rosmarinic acid, quercetin, and kaempferol was 

obtained in the 20 mg L-1 MeJa group. In the present 

study, the most abundant flavonoid compound was 

rutin, which increased under normal and mild stress 

conditions, as well as with the application of 10 and 

20 mM ascorbic acid, respectively. Rutin has many 
medicinal uses, including antimicrobial, antifungal, 

and antiallergic properties, and it has been reported 

to provide medicinal benefits for treating diseases 

such as cancer, diabetes, high blood pressure, and 

high cholesterol. Additionally, it has an advantage 

over other flavonoids, as it is a non-toxic, non-

oxidizable molecule (Sharma et al., 2013). This 

study observed that ascorbic acid plays a significant 

role in increasing this beneficial flavonoid 

compound. Therefore, mild stress combined with a 

concentration of 10 mM ascorbic acid can elevate 
rutin levels up to 134 times compared to normal 

stress conditions without ascorbic acid application 

(Fig. 3b). Ascorbic acid also positively affected the 

levels of other compounds, such as p-coumaric acid 

and cinnamic acid. Thus, the use of ascorbic acid 

under mild stress conditions is recommended to 

enhance bioactive compounds in psyllium. The 

positive effects of ascorbic acid in increasing 

secondary metabolites under drought stress 

conditions have also been reported in other plants, 

such as common bean (Gaafar et al., 2020), quinoa 
(Aziz et al., 2018), and jute (Sharma et al., 2024). 

 

Conclusion 
The deleterious effects of water deficit stress on the 

growth parameters and seed yield of P. ovata L. were 

reduced by foliar application of ascorbic acid (AsA). 

Water deficit stress and exogenous AsA increased 
the total phenol and flavonoid contents, mucilage 

percentage, and antioxidant activity of the seeds. The 

20 mM concentration of AsA had a relatively 

positive effect on the agronomic and biochemical 

parameters under all the irrigation regimes. External 

AsA improved most of the phenol and flavonoid 

compounds in the seed extracts, but the increase in 

these compounds was dependent on the AsA 

concentration and compound type. Whereas in rutin, 

under severe stress conditions, increasing ascorbic 

acid concentration led to an increase in this 

secondary metabolite. Specifically, at a 
concentration of 20 mM of ascorbic acid has its 

maximum level. The increase in growth, seed yield, 

and seed bioactive compounds under both water 

stress and non-stress conditions is a promising 

method for improving the quantity and quality of 

seeds under both water conditions and the 

biochemical properties of seeds. 
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