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Abstract: Medicinal plants improve human health, strengthen the immune system, 

reduce inflammation, and facilitate the treatment of diseases. To investigate the effect of 

drought stress (after 10 and 20 days of water withdrawal, representing mild and severe 

drought stress, respectively) and melatonin and salicylic acid on the biochemical and 

morphological indicators of the Acorus calamus medicinal plant, an experiment was 

conducted. Results showed that using melatonin and salicylic acid increased the activity 

of peroxidase enzyme under drought conditions. Also, salicylic acid increased the 

activity of catalase enzyme in mild drought stress. The application of melatonin and 

salicylic acid under severe drought stress increased the activity of the catalase enzyme.  

Under drought stress conditions, the use of salicylic acid and melatonin led to an 

increase in plant dry weight compared to normal conditions. Also using melatonin 

under severe drought conditions resulted in an increase in dry weight in comparison 

with the control treatment. In conclusion, while the plant's responses to stress and 

elicitors differed across various characteristics, it can generally be stated that salicylic 

acid and melatonin positively influence the biochemical and morphological traits of 

Acorus calamus under severe and mild drought stress conditions. 

Keywords: Biochemical indicators, drought stress, foliar spraying, medicinal plant, 

morphological indicators. 
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Introduction  
Plants in natural conditions are subjected to various 

stresses that adversly affects their growth and 

production (Hosseini et al., 2019; Hosseini et al., 

2021; Zulfiqar et al., 2021). Temperature, heavy 

metals, salinity, and water deficit are among the 

non-living factors that effectively affect the growth 

of plants. Among these factors, drought is the 

biggest factor limiting the production of 

agricultural products (Khalvandi et al., 2021). In 

other words, drought is one of the most important 

factors and the most common environmental stress 

that limits the growth and performance of plants 

worldwide (Keshavarz‐Mirzamohammadi et al., 

2021; Zulfiqar et al., 2021). Plants respond to 

drought stress at different physiological, cellular, 

and, molecular levels. This response depends on the 

species and genotype of the plant, the severity and 

duration of the water shortage, and the growth 

stage of the plant (Khalvandi et al., 2021; Zulfiqar et 

al., 2021; Ostadi et al., 2022). 

Acorus calamus (Aghir in Turkish or small lily), is a 

plant that grows at riversides. This plant is valued 

as a "rejuvenator" for the brain and nervous system, 

as well as a remedy for digestive disorders. The 

leaves and rhizomes of this plant contain a volatile 

oil that has a special smell and taste (Rajput et al., 

2014). The main components of the oil include beta- 

and alpha-asarone, saponins, lectins, 

sesquiterpenoids, lignans, and, steroids. 

Phytochemicals in plants vary based on geographic 

location, plant age, climate, species diversity, and 

extracted plant components (Rajput et al., 2014; 

Khalvandi et al., 2019; Hosseini et al., 2023). 

In light of climate change and depletion of water 

resources, utilization of drought tolerant plant 

species or genotypes with low water demand 

represents an strategy for sustainable resource 

management and enhancing yield (Khalvandi et al., 

2019; Haghpanah et al., 2024) The production of 

resistant plants requires a relatively long time from 

breeding methods, so the use of effective materials 

in reducing the adverse effects of stress to achieve 

the economic aspects of the performance of 

medicinal plants seems to be important (Khalvandi 

et al., 2019; González-Villagra et al., 2022; Khalil et 

al., 2022). Plants respond to different environmental 

conditions through changes in various biochemical 

and physiological processes (Adl et al., 2023; 

Hosseini et al., 2023; Akbari et al., 2024). Plants can 

produce both volatile and non-volatile compounds 

including plant hormones that help them adapt to 

environmental changes (Kaur et al., 2022; Murali-

Baskaran et al., 2022). Salicylic acid is a hormone-

like substance that affects plant growth and 

development. Salicylic acid belongs to a group of 

plant phenols (Zulfiqar et al., 2021). This compound 

plays an important role in regulating plant growth 

and development, interacting with other organisms, 

responding to environmental stresses, glycolysis, 

photosynthetic performance, transpiration and 

fruiting (González-Villagra et al., 2022). Various 

studies have shown that salicylic acid significantly 

causes ion leakage and reduces the accumulation of 

toxic ions in plants (Khalvandi et al., 2021; Zulfiqar 

et al., 2021; González-Villagra et al., 2022). 

According to the reports, salicylic acid has 

significant effects on the morphological and 

physiological characteristics of the plant and plays 

a role in stimulating the support mechanisms to 

increase resistance against biotic and abiotic stresses 

(Khalvandi et al., 2021). 

Melatonin is another compound that plays an 

important role in regulating the physiological and 

biochemical activities of plants (Murch and Erland, 

2021). Melatonin plays a significant role in helping 

plants cope with stress by regulating physiological 

and biochemical responses (Ali et al., 2024). It 

enhances antioxidant activity, protects cellular 

structures, and improves water retention, thus 

promoting plant growth under adverse conditions 

(Ali et al., 2024; Cano et al., 2024). Additionally, 

melatonin influences the production and synthesis 

of secondary metabolites in medicinal plants, such 

as flavonoids and phenolics (Ghorbani et al., 2024a). 

These compounds contribute to plant defense 

mechanisms and enhance medicinal properties, 

making melatonin crucial for improving both stress 

tolerance and therapeutic potential in medicinal 

herbs (Back, 2021; Murch and Erland, 2021; Ali et al., 

2024; Cano et al., 2024; Ghorbani et al., 2024b). 

Given the limited understanding of plant 

hormones, particularly melatonin, in plant 

responses to drought stress, it is essential to conduct 

extensive research on the effects of this hormone. 

Therefore, the present study was conducted to 

investigate the effects of drought stress and 

http://www.jpmb-gabit.ir/
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exogenous application of salicylic acid and 

melatonin on the morphological and biochemical 

characteristics of the Acorus calamus medicinal 

plant. 

Materials and Methods 

Plant materials and treatments  

The current research was conducted using two 

factors factorial experiment based on a completely 

randomized design with three replications. The first 

factor included two levels the drought stress, 

continuous irrigation (W) and, interruption of 

irrigation (No-W). The second factor included foliar 

spraying of elicitors at three levels (distilled water 

(control), melatonin (ML) (100 μM), and, salicylic 

acid (SA) (1 mM).  Foliar sprays were carried out 

once every 5 days until harvest time. The first foliar 

spraying was done when stopping the irrigation. 

The samples of Acorus calamus along with the 

rhizome were collected from Arzefoon wetland 

near Sari City, Mazandaran province, and, 

transferred to the greenhouse. Plants were planted 

on separate beds with dimensions of 40 x 200 cm, 

which were isolated using plastic covers. These 

beds were prepared with river sand plus garden soil 

with a ratio of 1:1 to a depth of 15 cm. The conditions 

for the growth of plants were provided by flooding. 

Each plot contained 15 plant samples. The studied 

plants were kept under these conditions for two 

months under solar light irradiance of 60000 lux, the 

temperature of 30-35 °C and, relative humidity of 

70 % in greenhouse conditions. 

Traits measurement 

 Sampling was done at two time points: 10 and 20 

days after water withdrawal, representing mild and 

severe drought stress, respectively.  After recording 

the morphological traits, the samples were 

transferred to -80 °C for biochemical measurements. 

Characters including fresh and dry weight, number 

of roots, length of roots, number of nodes in the 

rhizome and number of leaves were measured from 

these samples. To calculate the dry weight, the 

samples were kept at 76 °C for 72 hours and then 

weighed. 

Extraction of enzyme and soluble protein 

Fresh tissue was weighed and homogenized with 2 

ml of potassium phosphate buffer (pH=6.8). After 

homogenization, the samples were transferred to 

two ml vials and centrifuged at 4°C at 15,000 rpm 

for 12 minutes. Then, the upper phase was 

separated and these extracts were used for enzyme 

assays. The Bradford method (Bradford, 1976) was 

used to measure soluble protein concentration . 

Catalase (CAT) enzyme activity assay 

The Luck method (Luck, 1971) was used to measure 

CAT enzyme activity. 20 μl of enzyme extract was 

mixed with 980 μl of phosphate buffer containing 2 

mM hydrogen peroxide and their absorbance 

changes were read at a wavelength of 240 nm using 

a spectrophotometer. The enzyme activity was 

calculated using the Beer-Lambert law and an 

extinction coefficient of 40 (μM-1cm-1). The enzyme 

activity was calculated in terms of mmol per minute 

per mg of protein. 

Superoxide dismutase enzyme activity assay 

Superoxide dismutase (SOD) enzyme activity was 

measured using the nitroblue tetrazolium (NBT) 

photoreduction inhibition assay at a wavelength of 

560 nm. For this purpose, 50 mM potassium 

phosphate buffer solution (pH=7.4) was prepared. 

Then, 13 mM methionine, 0.1 mM EDTA, 75 μM 

NBT, and 4 μM riboflavin were added to prepare 

the reaction mixture, respectively. Before adding 

these compounds to the potassium phosphate 

buffer, we covered the container containing the 

reaction mixture so that it was not exposed to light. 

Then, 100 μl of extract from each sample was 

poured into each test tube and 3 ml of the above 

solution was added to it and the reaction was 

started immediately by placing them under the light 

of a fluorescent lamp (W40). After 1.5 minutes, the 

absorbance of the samples was read at a wavelength 

of 560 nm.  

The activity of the SOD enzyme in the samples was 

measured in comparison with the light control. The 

difference in absorbance of the samples and the 

light control at 560 nm indicates the inhibition of the 

photoreduction of NBT in the presence of the SOD 

enzyme present in the sample. Using this 

absorbance difference, the enzyme activity was 

calculated in terms of enzyme units per gram of 

fresh weight for all samples (Beauchamp and 

Fridovich, 1971). 
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Peroxidase (POD) enzyme activity assay 

POD was assayed using the method of (Nakano and 

Asada, 1981). The reaction mixture consisted of 2.5 

ml of 50 mM phosphate buffer (pH=7.0) containing 

0.1 mM EDTA, 1 mM sodium ascorbate, 0.2 ml of 

1% H2O2, and 0.1 ml of extracted protein extract. 

POD was calculated as the decrease in absorbance 

at 240 nm for 1 min (Extinction coefficient= 2.18 mM-

1 cm-1). 

Statistical analysis 

The extracted data were first normalized and then 

analyzed using SAS (9.1) statistical software. 

Comparisons of mean data were performed using 

the least significant difference (LSD) method at a 

5 % probability level, and figures were drawn using 

EXCEL software. Also, XLSTAT (2016) software 

was used to perform principal component analysis 

and cluster analysis. The Varimax rotation method 

was also used to maximize high- and low-value 

factor loadings and minimize mid-value factor 

loadings. Euclidean distance and the UPGME 

method were used for cluster analysis. 

Results 

POD enzyme activity 

Analysis of variance showed that the effects of 

drought stress, elicitor and their interaction were 

significant for the POD at mild and severe drought 

stress (P ≤ 0.01) (Table S1). The results of mild 

drought stress demonstrated that the highest 

amount of POD was observed in No-W+SA (13.67 

U/mg protein min) and No-W+ML treatments (15 

U/mg protein min) and the lowest amount of POD 

was observed in W (normal) treatments (6.67 U/mg 

protein min), W+ML (5 U/mg protein min) and No-

W (6 U/mg protein min) (Figure 1). The use of 

W+SA, No-W+ML, and No-W+SA treatments 

increased the POD by 60, 125, and 105 %, 

respectively, in comparison with W treatment 

(Figure 1). In severe drought stress, the highest 

amount of POD was observed in the No-W+SA 

treatment (47.12 U/mg protein min) (Figure 1). On 

the other hand, the lowest amount of POD was 

observed in W (7.05 U/mg protein min) and No-W 

(7.04 U/mg protein min) treatments, which showed 

no statistically significant difference with W+ML 

(14.33 U/mg protein min) and No-W (7.04 U/mg 

protein min) treatments. Using W+SA and No-

W+SA treatments caused 197 and 568 % increases in 

POD in comparison with W treatment, respectively 

(Figure 1). 

CAT enzyme activity  

According to analysis of variance, the CAT was 

significantly affected by drought stress, elicitors, 

and their interaction at mild and severe drought 

stress exposure (P ≤ 0.01) (Table S1). In mild drought 

stress exposure the highest amount of CAT was 

observed in W (2.47 U/mg protein min) and W+ML 

(2.5 U/mg protein min) treatments (Figure 1), 

however, the lowest amount of CAT was observed 

in W+SA treatment (1.06 U/mg protein min).  

Application of W+SA, No-W, No-W+ML, and No-

W+SA treatments resulted in a reduction of 133, 71, 

20, and 49 % for CAT in comparison with W 

treatment, respectively (Figure 1). 

In severe drought stress, the highest amount of CAT 

was observed in the W+ML treatment (2.56 U/mg 

protein min) (Figure 1), but the lowest amount 

belonged to the No-W treatment (0.55 U/mg protein 

min). Application of W+ML treatment caused a 17 % 

increase in CAT in comparison with W treatment;  

but using W+SA, No-W, No-W+ML, and No-W+SA 

treatments caused decreased 121, 298, 141, and 

115 % of CAT in comparison with W treatment, 

respectively (Figure 1).   

SOD enzyme activity  

Results showed that the effects of drought stress (P 

≤ 0.01), elicitor (P ≤ 0.05), and their interaction (P ≤ 

0.01) were significant for SOD at mild and severe 

drought stress (Table S1). 

Ten days after stress exposure illustrated that the 

highest amount of SOD was observed in W (0.98 

U/mg protein min) and W+SA (1.02 U/mg protein 

min) treatments, however, the lowest amount of 

SOD belonged to No-W treatment (0.07 U/mg 

protein min) (Figure 1).  In severe drought stress, the 

highest amount of SOD was observed in No-W+ML 

(1.09 U/mg protein min) and No-W+SA (1.17 U/mg 

protein min) treatments (Figure 1). However, the 

lowest activity of SOD was correlated with W (0.86 

U/mg protein min), W+ML (0.77 U/mg protein min), 

W+SA (0.87 U/mg protein min), and No-W (0.91 

U/mg protein min) treatments. Application of No-

W+ML and No-W+SA treatments promoted 27 and 

36 % SOD in comparison with W treatment, 

respectively (Figure 1). 

http://www.jpmb-gabit.ir/
https://www.frontiersin.org/journals/plant-science#articles


 

 

121 

Journal of Plant Molecular Breeding |

 

Amiri-Maleki et al.                                                                                                                                                              2024 | Volume 12 | Issue 2 

 

 

Figure 1. The effects of foliar spraying of salicylic acid (SA) and melatonin (ML) on the activity of antioxidant enzymes and 

protein content in Acorus calamus plant under continuous irrigation (W) and mild and severe drought stress (No-W). 

Continuous irrigation (W), continuous irrigation plus application of melatonin (W+ML), continuous irrigation plus application 

of salicylic acid (W+SA), mild and severe drought stress (No-W), mild and severe drought stress plus application of melatonin 

(No-W+ML), mild and severe drought stress plus application of salicylic acid (No-W+SA). The blue and brown charts 

correspond to the mild and severe drought stress, respectively. 

c
c

b

c

a a

0

5

10

15

20

P
er

o
x

id
as

e

(U
/m

g
 p

ro
te

in
 m

in
)

Mild drought stress

c
bc

b

c
bc

a

0
10
20
30
40
50

P
er

o
x

id
as

e

(U
/m

g
 p

ro
te

in
 m

in
)

Severe drought stress

a a

d
c

b
c

0

1

2

3

C
at

a
la

se

(U
/m

g
 p

ro
te

in
 m

in
)

Mild drought stress

b
a

c
d

c c

0

1

2

3

C
at

a
la

se

(U
/m

g
 p

ro
te

in
 m

in
)

Severe drought stress

a
b

a

d
c c

0

0.5

1

1.5

S
u

p
er

o
x

id
e 

d
is

m
u

ta
se

(U
/m

g
 p

ro
te

in
 m

in
)

Mild drought stress

b b b b
a a

0

0.5

1

1.5

S
u

p
er

o
x

id
e 

d
is

m
u

ta
se

(U
/m

g
 p

ro
te

in
 m

in
)

Severe drought stress

c
ab bc

a
ab ab

0

0.05

0.1

0.15

0.2

P
ro

te
in

 c
o

n
te

n
t 

(m
g

 p
ro

te
in

/g
 F

W
)

Mild drought stress

c
b b

a
b ab

0

0.05

0.1

0.15

0.2

P
ro

te
in

 c
o

n
te

n
t 

(m
g

 p
ro

te
in

/g
 F

W
)

Severe drought stress

http://www.jpmb-gabit.ir/
https://www.frontiersin.org/journals/plant-science#articles


 

 

122 

Journal of Plant Molecular Breeding |

 

Amiri-Maleki et al.                                                                                                                                                              2024 | Volume 12 | Issue 2 

Figure 2. The effect of foliar spraying of salicylic acid (SA) and melatonin (ML) on the fresh and dry weight of the Acorus 

calamus plant under the treatment of continuous irrigation (W) and mild and severe drought stress (No-W). Continuous 

irrigation (W), continuous irrigation plus application of melatonin (W+ML), continuous irrigation plus application of salicylic 

acid (W+SA), mild and severe drought stress (No-W), mild and drought stress plus application of melatonin (No-W+ML), mild 

and severe drought stress plus application of salicylic acid (No-W+SA). 

 

Protein content 

The results showed that the protein content in mild 

and severe drought stress was significantly under 

the influence of drought stress (P ≤ 0.05) (Table S1), 

however, using elicitors demonstrated cannot 

significantly increase the protein content. The 

interaction of drought stress and elicitor changed 

significantly (P ≤ 0.05) the protein content (Table 

S1).  In mild drought stress, the highest amount of 

protein content was observed in No-W treatment 

(0.178 mg protein/g FW), when compared with 

W+ML (0.163 mg protein/g FW), No-W+ML (0.156 

mg protein/g FW) and No-W+SA treatments (0.161 

mg protein/g FW), illustrating no significant 

difference (Figure 1).  In contrast, the lowest amount 

of protein content was related to W treatment (0.128 

mg protein/g FW), which showed no significant 

difference with W+SA treatment (0.147 mg 

protein/g FW). Results showed that using W+ML, 

No-W, No-W+ML and No-W+SA treatments 

increased the amount of protein content by 27, 39, 

22 and 26 %, respectively, in comparison with the W 

treatment (Figure 1).  

The results related to the severe drought stress 

showed that the highest amount of protein content 

was achieved by the application of No-W treatment 

(0.152 mg protein/g FW), which had no statistically 

significant difference with the No-W+SA treatment 

(0.14 mg protein/g FW) (Figure 1). On the other 

hand, the lowest amount of protein content was 

observed in the W treatment (0.112 mg protein/g 

FW). The results showed that the use of W+ML, 

W+SA, No-W, No-W+ML and No-W+SA treatments 

increased the amount of protein content by 19, 14, 

35, 15 and 25 %, respectively, in comparison with 

the W treatment (Figure 1).  

Fresh and dry weight 

Analysis of variance showed that the fresh and dry 

weight in the time of mild drought stress was 

significantly affected by drought stress (P ≤ 0.01), 

elicitors (P ≤ 0.01) and their interaction (P ≤ 0.01) 

(Table S2, Figure 2). On the other hand, the drought 

stress had no significant effect on the fresh weight 

in the severe drought stress. The results of the 

analysis of variance showed that the fresh weight in 

the severe drought stress was significantly affected 
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by elicitors (P ≤ 0.01) and the interaction of drought 

stress and elicitors (P ≤ 0.01). The results of the 

analysis of variance showed that the dry weight in 

the severe drought stress was significantly changed 

by drought stress (P ≤ 0.01), elicitors (P ≤ 0.01) and, 

their interaction (P ≤ 0.01) (Table S2). 

The results of mild drought stress revealed that the 

highest amount of fresh weight was related to the 

W+SA treatment (37.44 g) and the lowest amount of 

fresh weight was related to the No-W+SA treatment 

(22.41 g) (Figure 2). The application of No-W, 

W+ML and W+SA treatments increased the amount 

of fresh weight by 8, 21 and, 36 %, respectively, 

compared to the W treatment. In contrast, the 

application of No-W+ML and No-W+SA treatments 

decreased the fresh weight by 12 and 22 %, 

respectively, in comparison with the W treatment 

(Figure 2).  

In severe drought stress the heaviest fresh weight 

was produced by the No-W+ML treatment (46.18 g) 

(Figure 2) and the lightest was obtained from the 

No-W+SA treatment (30.24 g). According to the 

results using No-W+ML treatment created 10 % 

more fresh weight from the W treatment; while the 

application of W+ML and No-W+SA treatments 

compared to the W treatment caused 15 and 38 % 

reduction in fresh weight, respectively (Figure 2). 

In mild drought stress, the most dry weight was 

observed in the W+ML treatment (7.23 g); In 

contrast, the least dry weight were measured in W 

(4.21 g), No-W+ML (3.83 g) and No-W+SA (3.94 g) 

treatments.  The W+ML, W+SA and No-W 

treatments were able to make 71, 51 and 36 % more 

dry weight, respectively (Figure 2). Furthermore, 

the severe drought stress showed the highest dry 

weight in the No-W+ML treatment (11.45 g), which 

had no significant difference with the W treatment 

(11 g) (Figure 2).  However, the lowest dry weight 

was obtained from the No-W+SA treatment (6.46 g). 

Using W+ML, W+SA and No-W+SA treatments 

compared to the W treatment have yielded 33, 46 

and 70 % reduction in dry weight, respectively 

(Figure 2). 

Number of leaves 

The results related to the conditions of mild drought 

stress showed that the highest number of leaves was 

achieved in the W+SA treatment (7.33) (Figure 3). 

On the other hand, the lowest number of leaves was 

achived in the No-W treatment (3.33), which was 

not statistically significantly different from the No-

W+ML treatment (7.33). The results showed that the 

W+SA treatment increased the number of leaves by 

29 % compared to the W treatment. Based on the 

obtained results, the use of No-W and No-W+ML 

treatments reduced the number of leaves by 70 % 

and 31 %, respectively compared to the W treatment 

(Figure 3). The results indicated that the W+SA 

treatment produced the highest number of leaves 

(9.67), while the No-W+ML treatment had the 

lowest (4.67), with no significant difference from the 

No-W treatment (5.33). Also, the application of 

W+SA treatment caused a 16 % increase in the 

number of leaves compared to the W treatment. 

Conversly, the application of No-W, No-W+ML and 

No-W+SA treatments resulted in decrease in the 

number of leaves by 56, 78 and 31 %, respectively, 

compared to the W treatment (Figure 3) 

Root length 

According to the analysis of variance, root length at 

mild drought stress was significantly influenced by 

drought stress (P ≤ 0.01) and the interaction of 

drought stress and elicitors (P ≤ 0.01) (Table S2). The 

highest root lengths were observed in the No-W 

(31.74 cm), No-W+ML (32.77 cm) and No-W+SA 

(33.8 cm) treatments, while the lowest were in the W 

(22.91 cm), W+ML (21.18 cm), and W+SA (21.24 cm) 

treatments (Figure 3). The No-W, No-W+ML, and 

No-W+SA treatments increased root length by 38, 43 

and 47%, respectively, compared to the W treatment 

(Figure 3).  

At severe drought stress, the analysis of variance 

indicated significant effects from drought stress (P ≤ 

0.01), elicitors (P ≤ 0.01) and their interaction (P ≤ 

0.01). The highest root length was achieved with the 

No-W+SA treatment (30.9 cm), while the lowest was 

in the W+SA treatment (19.1 cm). The No-W, No-

W+ML, and No-W+SA treatments increased root 

length by 18, 17 and 34%, respectively, compared to 

the W treatment. Conversely, the W+ML and W+SA 

treatments resulted in decreases of 8 and 20% in root 

length, respectively, compared to the W treatment 

(Figure 3). 
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Figure 3. The effect of foliar spraying of salicylic acid (SA) and melatonin (ML) on the number of roots and leaves and root 

length of the Acorus calamus plant under the treatment of continuous irrigation (W) and mild and severe drought stress (No-

W). Continuous irrigation (W), continuous irrigation plus application of melatonin (W+ML), continuous irrigation plus 

application of salicylic acid (W+SA), mild and severe drought stress (No-W), mild and severe drought stress plus application 

of melatonin (No-W+ML), mild and severe drought stress plus application of salicylic acid (No-W+SA). 

 

Principal components analysis (PCA) and cluster 

analysis (CA) 

Based on the results obtained from the PCA, it was 

observed that the four components had an 

eigenvalue higher than one and were known as 

effective components (Table 1). The first and second 

components had a relative variance of 48.37 and 

20.65 %, respectively, and accounted for 69.02 % of 

the total variance (Table 1). The results showed that 

in the first component, SOD, fresh weight, number 

of roots, number of leaves and root length traits in 

the mild drought stress and CAT, SOD, number of 

roots, number of leaves and root length traits had 

high factor loadings at the severe drought stress 

(Table 1). Also, in the second component, POD, 

fresh weight and dry weight traits had high factor 

loading (Table 1). 
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Table 1. Factor loading related to different traits in Acorus calamus plants under salicylic acid treatments and drought stress 

(Mild and severe drought stress). 

Characteristics 
Factors 

F1 F2 F3 F4 F5 

Peroxidase (Mild drought stress) 0.561 0.443 -0.388 -0.473 0.339 

Catalase (Mild drought stress) -0.235 -0.251 -0.530 0.741 0.227 

Superoxide dismutase (Mild drought stress) -0.945 0.124 -0.252 -0.147 0.080 

Protein (Mild drought stress) 0.573 -0.070 0.766 0.221 0.173 

Peroxidase (Severe drought stress) 0.280 0.957 0.030 -0.004 0.064 

Catalase (Severe drought stress) -0.726 -0.028 -0.270 0.607 0.175 

Superoxide dismutase (Severe drought stress) 0.812 0.471 -0.312 -0.141 0.045 

Protein (Severe drought stress) 0.588 0.040 0.796 0.138 -0.029 

Fresh weight (Mild drought stress) -0.715 -0.195 0.534 -0.399 0.078 

Dry weight (Mild drought stress) -0.590 -0.159 0.753 0.069 0.232 

Number of roots (Mild drought stress) 0.925 -0.164 -0.037 -0.142 0.311 

Number of leaves (Mild drought stress) -0.744 0.558 -0.265 -0.239 0.089 

Length of roots (Mild drought stress) 0.989 0.108 -0.053 0.042 -0.073 

Fresh weight (Severe drought stress) -0.013 -0.813 -0.221 -0.528 0.106 

Dry weight (Severe drought stress) 0.208 -0.883 -0.410 0.012 -0.089 

Number of roots (Severe drought stress) 0.784 -0.549 -0.113 -0.268 -0.009 

Number of leaves (Severe drought stress) -0.889 0.276 0.006 -0.308 -0.194 

Length of roots (Severe drought stress) 0.900 0.257 -0.123 0.268 -0.193 

Eigenvalue 8.707 3.719 3.060 2.011 0.504 

Variability (%) 48.370 20.658 17.000 11.173 2.799 

Cumulative (%) 48.370 69.028 86.028 97.201 100.000 

 

Figure 4. Bi-plot resulting from PCA based on all studied traits in Acorus calamus plants under the exposure of drought stress 

and application of elicitors treatments. (Mild drought stress (MDS); severe drought stress (SDS); catalase (CAT); superoxide 

dismutase (SOD); continuous irrigation (W), continuous irrigation plus application of melatonin (W+ML), continuous 

irrigation plus application of salicylic acid (W+SA), mild and severe drought stress (No-W), mild and severe drought stress 

plus application of melatonin (No-W+ML), mild and severe drought stress plus application of salicylic acid (No-W+SA). 
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The bi-plot diagram obtained from the first and 

second components showed that No-W+SA 

treatment had a high correlation with POD, SOD, 

root length and protein traits in the severe drought 

stress and POD and root length traits in the mild 

drought stress (Figure 4). The No-W+SA treatment 

was separated independently due to the large 

distance compared to other treatments. On the other 

hand, the W+SA, W+ML and W treatments were 

placed in the same group due to their high affinity 

and were correlated with number of leaves, SOD, 

dry weight, fresh weight and CAT traits in the mild 

drought stress and number of leaves and CAT traits 

in the severe drought stress. Also, No-W+ML and 

No-W treatments were placed in the same group 

and showed a strong correlation with the number of 

roots and protein content traits in the mild drought 

stress and fresh weight, dry weight and, number of 

roots traits in the severe drought stress (Figure 4). 

The results of the cluster analysis showed that all 

the investigated treatments were divided into three 

separate groups, so in the first group there were 

three treatments (W+SA, W+ML and, W), in the 

second group there were two treatments (No-W+SA 

and No-W+ML) and in the third group one 

treatment (No-W) were separated (Figure 5). 

 

 

Figure 5. Dendrogram resulting from cluster analysis based on all studied traits in Acorus calamus plants under the exposure 

of drought stress and application of elicitors treatments. Continuous irrigation (W), continuous irrigation plus application of 

melatonin (W+ML), continuous irrigation plus application of salicylic acid (W+SA), mild and severe drought stress (No-W), 

mild and severe drought stress plus application of melatonin (No-W+ML), mild and severe drought stress plus application of 

salicylic acid (No-W+SA). 

 

Discussion 
Drought stress is one of the most important limiting 

factors for plant growth and changes the 

physiological activities of plants (Khalvandi et al., 

2021). Among these, elicitors play an important role 

in regulating the physiological activities of plants 

under environmental stress conditions, especially 

drought stress (Moustafa-Farag et al., 2020). In the 

present experiment, the use of salicylic acid and 

melatonin led to  significant changes in the 

morphological and physiological characteristics of 

the A. calamus L. plant. 
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When plants encounter drought stress, the amount 

of reactive oxygen species (ROS) in their cells 

increases. This rise in ROS leads to damage to cell 

membranes and the degradation of biological 

molecules. Therefore, the removal of ROS is one of 

the key strategies for plants to tolerate drought 

stress in (Zulfiqar et al., 2021). In our experiment, 

the response of antioxidant enzymes to drought 

stress was different; in most cases, the activity of 

these enzymes decreased with the application of 

drought stress. Additinally, the activity of 

antioxidant enzymes in response to environmental 

stress differ across various plant organs (Pan et al., 

2021). 

 In studes conducted on mint plants (Khalvandi et 

al., 2019; Hosseini et al., 2023), basil (Zulfiqar et al., 

2021), thyme (Rahimi et al., 2022) and rosemary 

(Mohammadi-Cheraghabadi et al., 2021; Ostadi et 

al., 2022), an increase in the activity of antioxidant 

enzymes in response to salinity and drought stress 

has been reported, which support the findings of 

our study. CAT, ascorbate POD and SOD are among 

the most effective antioxidant enzymes. the 

increased activity of these enzymes inhances 

tolerance to various stresses, including drought 

stress, in plants (Khalvandi et al., 2019; Hosseini et 

al., 2023). 

On the other hand, the results of the present 

experiment indicated that the use of salicylic acid 

and melatonin increased the activity of antioxidant 

enzymes under both normal conditions and 

drought stress, however, the response to these 

elicitors varied somewhat different under normal 

conditions. 

Salicylic acid not only enhances antioxidant activity 

but also reduces the toxicity of free radicals that 

have accumulated due to drought stress damage, 

and thus reduces the damage caused by drought 

stress (González-Villagra et al., 2022). Additionally, 

the application of salicylic acid increases the content 

of polyamines, which play an important role in 

developing tolerance to drought stress (Hasan et al., 

2021). Foliar spraying of wheat plant with salicylic 

acid has enhanced drought stress tolerance by 

increasing membrane stability, reducing leakage 

and peroxidation of cell membrane lipids 

(Khalvandi et al., 2021). 

Salicylic acid induces metabolic changes that 

increase ROS levels and enhance the antioxidant 

defense system, playing a role in cellular signaling 

under drought stress conditions (Salvi et al., 2021). 

By activating the enzymes involved in the 

biosynthesis of antioxidant enzymes, salicylic acid 

facilitates the removal and inactivation of ROS. 

Consequently, by enhancing the levels of both 

enzymatic and non-enzymatic antioxidants, it 

potentially reduces hydrogen peroxide in plant cells 

by ascorbate as a very important substrate for 

hydrogen peroxide detoxification in the 

photosynthetic apparatus (Hayat et al., 2021). 

Increasing antioxidant activity is a crucial important 

mechanisms by which plants enhance their 

tolerance to environmental stresses, including 

drought. The exogenous application of salicylic acid 

significantly reduced malondialdehyde levels in 

wheat plants subjected to drought stress (Khalvandi 

et al., 2021). In another study, the application of 

salicylic acid resulted in decreased 

malondialdehyde production, indicating the ability 

of this plant growth regulator to neutralize ROS and 

prevent their accumulation (Damalas and 

Koutroubas, 2021). 

Probably, salicylic acid reduced the content of 

superoxide and hydrogen peroxide radicals by 

influencing the activity of antioxidant enzymes and 

inhibited the activity of lipoxygenase enzyme and 

the breakdown of membrane fatty acids, ultimately 

leading to a reduction in oxidative damage to 

membrane lipids during drought stress (Damalas 

and Koutroubas, 2021; Khalvandi et al., 2021). 

Research has demonstrated that salicylic acid acts as 

a resistance mechanism by boosting the antioxidant 

capacity of cells. It provides greater protection to 

cell membranes, reduces lipid peroxidation, and 

prevents protein oxidation (Kaur et al., 2022). In an 

experiment with tomato plants, phenolic 

compounds accumulated after the application of 

salicylic acid following the increase in the activity of 

the phenylalanine ammonia-lyase enzyme (Fan et 

al., 2022). Therefore, salicylic acid plays an 

important role in the biosynthesis of phenolic 

compounds and the expression of plant defense 

genes (Khalil et al., 2022). The results of the present 

experiment demonstrated the positive effect of 

melatonin on some morphological and 

physiological characteristics. Probably, melatonin 

stimulates plant growth by affecting plant 

metabolites and increasing the biosynthesis of 
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phytohormones such as auxin and cytokinin, and 

facilitating nutrient absorption (Tiwari et al., 2021). 

By increasing turgor pressure and the relative water 

content of leaves, melatonin improves growth 

under drought stress conditions (Moustafa-Farag et 

al., 2020). 

According to the results of the present experiment, 

drought stress reduced the number of leaves, 

however, the application of melatonin and salicylic 

acid increased the number of leaves under stress 

conditions. Conversly, while melatonin and 

salicylic acid enhanced dry weight  under normal 

conditions, they did not have a positive effect on dry 

weight under drought stress. It seems that under 

drought stress, the composition of melatonin affects 

the secondary metabolites involved in the stress 

resistance mechanism to maintain the plant 

survival, but does not affect the increase in dry 

matter (Tiwari et al., 2021). How elicitors affect 

physiological processes in plants is very complex 

and requires further investigations in biological 

systems (Altaf et al., 2022). The positive effect of 

melatonin on photosynthetic indices is proven in 

various plants under drought stress such as 

chickpea (Ahmad et al., 2023), chrysanthemum (Luo 

et al., 2023) and barley (Talaat, 2023).    

Drought stress causes stomatal closure and reduced 

internal CO2, decreasing NADPH demand in the 

Calvin cycle, leading to oxidation and disruption of 

the electron transport chain, using oxygen as an 

electron acceptor and generating singlet oxygen. 

Previous studies indicate that melatonin mitigates 

drought stress effects on photosynthesis by 

maintaining light energy balance (Khalvandi et al., 

2021; Karumannil et al., 2023; Zahra et al., 2023). 

Excess light energy triggers the Mehler reaction, 

producing superoxide and hydrogen peroxide, 

which oxidize membrane lipids and damage 

photosynthetic pigments, reducing photosynthesis. 

Melatonin exogenously protects chlorophyll by 

reducing lipid peroxidation and regulating 

chlorophyll-degrading genes (Zahra et al., 2023). 

Melatonin enhances chloroplast levels, improves 

the Fv/Fm ratio, and prevents chloroplast damage 

(Rehaman et al., 2021; Karumannil et al., 2023). 

Melatonin also increases compatible osmolytes and 

phenol, improving turgor pressure and protecting 

cellular structures during stress (Moustafa-Farag et 

al., 2020; Khalid et al., 2022). Additionally, 

melatonin reduces hydrogen peroxide and ion 

leakage, enhancing plant survival under drought 

stress (Tiwari et al., 2021). 

When oxidative damage occurs, plants activate 

antioxidant systems. Melatonin enhances H+-

ATPase pump activity by converting to 5-

methoxytryptamine, stabilizing the plasma 

membrane during stress (Siddiqui et al., 2021). 

Additionally, phenolic and flavonoid hydroxyl 

groups inhibit free radicals, protecting cell 

membranes (Jafari and Shahsavar, 2021). On the 

other hand, in our experiment, root length increased 

under drought stress. It seems that plants increase 

the length of their roots to escape from drought 

stress conditions, so that they can overcome the 

stress limitation by increasing the absorption of 

water and nutrients (Ranjan et al., 2022)  . 

Conclusion 
The results of the present experiment showed that 

salicylic acid and melatonin had a positive effect on 

the activity of different antioxidant enzymes such as 

CAT, SOD, and POD, at mild and severe drought 

stress. The positive effect of these elicitors on the 

enzyme activity was also significant in the absence 

of drought stress. Additionally, salicylic acid and 

melatonin significantly increased the dry weight of 

the plant in mild drought stress.  The number of 

roots increased with the application of these 

elicitors at this treatment. The application of 

salicylic acid increased root length, while melatonin 

increased the number of roots. Finally, it can be 

concluded that although the plant's response to 

stress and elicitors varied in terms of different 

characteristics, generally,  salicylic acid and 

melatonin have a positive effect on the biochemical 

and morphological characteristics of the Acorus 

calamus medicinal plants under mild and severe 

drought stress. 

Supplementary Materials 
The supplementary material for this article can be 

found online at:  https://www.jpmb-

gabit.ir/article_721544.html. 

Supplementary Table S1. Supplementary Figure 1. 

Analysis of variance related to antioxidant enzyme 

activity and protein content traits in response to 

mild and severe drought stress and elicitors 

treatments. 
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Supplementary Table S2. Analysis of variance of 

fresh weight (FW), dry weight (DW), number of 

roots (NOR), number of leaves (NOL), length of 

roots (LOR) and number of internodes (NOIN) in 

response to mild and severe drought stress. 
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 و  سالیسیلیک  اسید  الیسیتورهای  تاثیر  بررسی 

  و   اکسیدانآنتی  هایآنزیم  فعالیت  بر  ملاتونین

 دارویی  گیاه  مورفولوژیک  خصوصیات

Acorus calamus خشکی   تنش تحت 

  د یس، 2عمرانیقاسمالله ی، ول1تباریکمال کاظم  د ی، س1*رنجبر ی، غلامعل1یملک یریابوالفضل ام

 1ینیجابر حس

 ران ی ، ای، ساریسار  یعیو منابع طب ی، دانشگاه علوم کشاورزی، دانشکده علوم زراعیاهیگ ی ک و بهنژادیگروه ژنت  (1
، دانشگاه علوم کشاورزی و  )GABIT( ژنتیک و کشاورزی طبرستان  ژوهشکدهپ ، دارویی مرکبات و گیاهانگروه  (2

 (SANRU)   طبیعی ساریمنابع 

 درمان  و   التهاب  کاهش  ایمنی،  سیستم  تقویت  کنند،می   کمک  انسان  سلامت  بهبود  به  دارویی   گیاهان  :هچکید

  بر   سالیسیلیکاسید  و   ملاتونین  پاشیمحلول  و   خشکی   تنش  تأثیر  بررسی   برای.  کنندمی   تسهیل  را  هابیماری

  داد  نشان نتایج. شد انجام آزمایشی  ،Acorus calamus دارویی  گیاه مورفولوژیکی  و  بیوشیمایی  هایشاخص 

  تنش   شرایط  در  پراکسیداز  آنزیم  فعالیت  افزایش  موجب  سالیسیلیک  اسید  و   ملاتونین  الیسیتورهای  کاربرد  که

  موجب  تنش  از  پس   روز  10  تیمار  در   سالیسیلیک  اسید  همچنین.  شد  آبیاری  قطع  از  پس  روز  20  و   10  خشکی 

  افزایش   موجب  تنش  از  پس  روز  20  در  سالیسیلیک  اسید  و   ملاتونین  کاربرد.  شد  کاتالاز  آنزیم  فعالیت  افزایش

  روز   10  در   ملاتونین  و   سالیسیلیک  اسید  تیمارهای  کاربرد  تنش،  عدم  شرایط  در.  شد  کاتالاز  آنزیم   فعالیت

  شرایط   در  ملاتونین  کاربرد.  شد  شاهد  تیمار  با  مقایسه  در  گیاه  خشک  وزن  افزایش  موجب  آبیاری  قطع   از   پس

  در  نهایت،  در.  شد   شاهد  تیمار  با   مقایسه  در  خشک  وزن  افزایش  موجب(  تنش  از  بعد  روز  20)  خشکی   تنش

 گفت   توانی ـم  کلی   ورـطبه  بود،  متفاوت  مختلف  هایویژگی   در   هامحرک  و   تنش  به  گیاه  های پاسخ   که  حالی 

 A. calamus  گیاه  ی ـکـمورفولوژی  و   ی ـمیایـبیوشی  هایی ـویژگ  بر  ی ـمثبت  تأثیر  ملاتونین  و   لیکـسالیسی  اسید  که
 . داشتند خشکی  تنش تحت

های  شاخص دارویی، گیاه ،پاشی محلول  ،خشکی  تنش ،های بیوشیمیایی ص شاخ  :کلیدی کلمات 
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