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ABSTRACT 

The first experiment was performed to study the effect of foliar application of 

spermidine, citric acid and proline (0, 50 and 100 mg L-1) on some metabolites and 

enzymatic activities of Calendula officinalis L. under drought stress (No stress: Control, 

25, 50, and 75% field capacity). The second experiment was performed to study the effect 

of foliar application of spermidine, citric acid and proline (0, 50 and 100 mg L-1) on the 

post-harvest shelf life of flowers (beginning of the experiment, 5, and 10 days post-

harvest). The experiments were factorial in a completely randomized design with 3 

replications. All treatments had a significant effect on the measured variables. In the first 

experiment, FC 25% reduced all traits, FC 75% increased carotenoid, carbohydrate, 

phenol, flavonoid, protein, Peroxidase (POD) and Superoxide Dismutase (SOD) activities. 

The highest vitamin C was observed in the control FC. Also, foliar application of 100 mg 

L-1 proline, increased carotenoid, carbohydrate and phenol, 50 mg L-1 proline increased 

protein content. Also, 100 mg L-1 of spermidine increased flavonoid and 100 mg L-1 of 

citric acid increased vitamin C, SOD and POD activities. In the second experiment, all 

evaluated traits were reduced ten days after harvest, the highest post-harvest life was for 

100 mg L-1 of citric acid (9.7 days) and the lowest was for the control (5.3 days). The study 

results showed that application of 100 mg L-1 spermidine, citric acid and proline with FC 

75% improved biochemical properties, nutritional traits, and post-harvest life of Pot 

marigold. 
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INTRODUCTION 

Pot marigold (Calendula officinalis L.) is 

considered as an important medicinal and 

ornamental plant of the Asteraceae family 

and has a wide range of pharmacological 

effects such as anti-inflammatory, wound-

healing, antibacterial, antitumoral and 

immunostimulatory effects (Sedghi et al., 

2012). The flowers of this plant are edible 

and their dried and fresh petals are used as a 

spice in a variety of foods (Leonti, 2012). 

Unlike cut flowers, edible flowers are cut 

from the petiole of the stem, thus exposing 

them to additional stresses. Edible flowers 

continue respiration and their shelf life is 

reduced (Kou et al., 2012). Today, due to 

the global approach to increase the shelf life 

of horticultural products and the tendency to 

consume fresh products, the use of healthy 

compounds to maintain the products is 

necessary. 
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Drought stress, as a limiting factor in 

plant growth, in addition to reducing yield, 

disrupts plant physiological processes, 

increases production of Reactive Oxygen 

Species (ROS), resulting in oxidative stress 

in plants (Pal et al., 2015). Plants use 

different strategies to deal with drought 

stress. Also, external application of various 

compounds such as organic solutions and 

minerals is a solution for increasing drought 

resistance in plants (Ashraf et al., 2011). 

These compounds include spermidine, citric 

acid, and proline.

Spermidine belongs to plant polyamines 

and increases membrane consolidation in 

stress condition. They also co-exist with 

ethylene, a common precursor called S-

adenosylmethionine, through which they 

compete with ethylene synthesis and are 

known as anti-aging and anti-stress 

compounds (Sood and Nagar, 2008). Foliar 

application of spermidine, under salinity 

stress, increased the activity of catalase, 

ascorbate peroxidase and guaiacol 

peroxidase enzymes in Panax ginseng 

(Parvin et al., 2014).

Citric acid plays an important role in the 

Krebs cycle as a source of carbon and 

energy, membrane stability and activation of 

carrier enzymes, carbohydrate metabolism 

and transfer, as well as the positive role of 

antioxidants in chelating free radicals and 

stimulation of plant growth (Da Silva, 

2003). Citric acid application in Helianthus 

annuus L., increased the protein and activity 

of antioxidant enzymes (Mujahid et al., 

2017).

Proline is an amino acid that exists both 

freely and in the structure of proteins. The 

role of proline as osmolyte, abductor of 

ROS, stabilization of protein structure and 

protection of cells from stress damage has 

been reported (Szabados and Savoure, 

2009). Application of proline on Foeniculum 

vulgare Mill. increased carotenoid, 

polyphenol, carbohydrate of Foeniculum 

vulgare Mill. (Gholami Zali and 

Ehsanzadeh, 2018) 

Pot marigold can be used as a suitable 

edible flower for large commercial surfaces. 

It contains useful and healthy compounds 

and can be used as a new product to increase 

the health of the community and be included 

in the daily consumption of households. 

However, short shelf life limits its 

commercial usage, so, it is important to 

evaluate the nutritional value and its storage 

capacity. The purpose of conducting this 

study was to investigate the effect of foliar 

application of spermidine, citric acid and 

proline on some metabolites and enzymatic 

activities of Calendula officinalis L. under 

drought stress and in a post-harvest 

condition. 

MATERIALS AND METHODS 

Plant Materials and Treatments 

In the first experiment, the effect of foliar 

application of spermidine, citric acid and 

proline (0, 50 and 100 mg L
-1

) on some 

metabolites and enzymatic activities of 

marigold was studied under drought stress 

(no stress, 25, 50, and 75% field capacity). 

In the second experiment, the effects of 

foliar application of spermidine, citric acid, 

and proline (0, 50, and 100 mg L
-1

) on 

nutritional value and shelf life (beginning of 

the experiment, 5, and 10 days post harvest) 

of marigold were investigated in a 

greenhouse in northern Iran (latitude 53.44 

°N, 36.45 °E, and 15 m above sea level), in 

2018. 

 Pot marigold was grown in a greenhouse 

at 25/15°C day/night temperature and 14/10 

hours day/night photoperiod. At the 

beginning, a pre-test was performed to 

determine the treatments and concentrations 

on some pots. Approximately 3 weeks after 

planting the seeds in the appropriate bed, the 

seedlings were transferred to a pot (15 Size) 

(diameter 28 cm and height 30 cm) that 

contained a mixture of soil, sand and leaf 

composts (1:1:1). In general, 216 plants 

were used in this experiment with no 

mortality record. Drought stress treatments 

were applied at six visible leaves stage. To 

determine FC, some pots were saturated and 
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water was allowed to drain out from the 

bottom of the pots. The pot surface was 

covered with aluminum foil to prevent 

evaporation. The weight of pots was 

measured each day until it was constant. 

Thereafter, the soil of each pot was mixed 

and then some soil was removed to record 

its wet weight. To evaluate the soil dry 

weight, it was placed in the oven at 72°C for 

24 hours. Field capacity was determined 

using the following equation (Mohammadi 

et al., 2020): 

FC= (WW-DW/DW)×100.  

Where, WW: Soil Wet Weight and DW: 

Soli Dry Weight)  

The spray solutions of spermidine, citric 

acid and proline (Sigma, Germany) were 

prepared based on distilled water. Foliar 

application was done at three stages with 

intervals of about 20 days including six 

visible leaves, complete tillering, and 

emergence of the first bud. Then, sampling 

was done at the appropriate stage of 

harvesting.  

In order to evaluate the effect of foliar 

application of spermidine, citric acid and 

proline on changes of some metabolites and 

enzymatic activity in a post-harvest 

condition, the Pot marigold flowers were 

stored at 4°C. (standard temperature for 

storing agricultural and food products in 

temperate regions). The pots were irrigated 

with tap water at control FC. 

Physiological Measurements 

Carotenoid was determined using 

Sarvandi et al. (2020) method, the 

absorbance was read with spectrophotometer 

at 470 nm and expressed in mg g
-1

 FW 

(Fresh Weight) petal.  

Protein percentage was determined by Du 

Preez and Bale (2008) methods. The SOD 

activity was measured according to the 

method of Acemi et al. (2018). Absorbance 

was read at wavelength of 560 nm and 

expressed in nmole g
-1

 FW petal. The 

method of Sedghi et al. (2012) was used for 

POD enzyme assay and absorbance was read 

at wavelength of 470 nm and expressed in 

nmole g
-1

 FW petal. Total phenol was 

determined by Aliyari et al. (2020) method 

and absorbance was read at 765 nm by 

spectrophotometer. The results were 

reported as mg (gallic acid) g
-1 

FW petal. 

Total flavonoid was measured by using 

Chang et al. (2002) method and the 

absorbance was read at wavelength of 415 

nm and expressed in mg (quercetin) g
-1

 FW 

petal. Carbohydrates were measured 

according to the method of Jin et al. (2015) 

method and absorbance was measured at 

wavelength of 625 nm and expressed in mg 

(glucose) g
-1

 DW (Dry Weight) petal. 

Vitamin C was determined by Shams 

Najafabadi et al. (2020) method and 

expressed in mg (ascorbic acid) 100g
-1

 FW. 

In order to measure post-harvest life, the 

flowers were kept at 4°C. When the petals 

lost their turgor, the flower life ended and 

the results were reported in days 

(Ezhilmathi, 2007).

Statistical Analysis  

Two factorial experiments were 

performed in a completely randomized 

design with 3 replications. The data were 

analyzed using SAS software. The 

comparison of the means was done by 

Duncan's multiple range at 1 and 5% levels, 

and the graphs were drawn using the Excel 

software (Roosta et al., 2020). 

 

RESULTS 

The results of the first experiment showed 

that the effect of drought and foliar 

application was significant on carotenoid, 

SOD, POD activity, phenol, carbohydrate at 

1% level, and for protein, flavonoid and 

vitamin C at 5% level. 
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The results of the second experiment also 

showed that the effect of foliar application 

and time was significant on carotenoid, 

phenol, flavonoid, carbohydrate, post-

harvest life, SOD and POD at 1%, and for 

vitamin C and protein at 5% level. 

Carotenoid  

In the first experiment, the highest 

carotenoid (1.20 mg g
-1

 FW) was for the 

control irrigation and 100 mg L
-1

 of proline 

and the lowest (0.68 mg g
-1

 FW) was for 

25% FC treatment (Figure 1). Also, Figure 2 

shows that carotenoid content in the second 

experiment decreased during the post-

harvest days. The highest carotenoid 

(1.20 mg g
-1

 FW) was related to 100 mg L
-1

 

of proline at the beginning of the experiment 

and the lowest (0.57 mg g
-1

 FW) was for 

50 mg L
-1

 of spermidine at the 10
th
 day.  

Protein  

In the first experiment, the highest protein 

(7.03%) was for the control FC and 50 mg 

L
-1

 of proline, and the lowest (1.30%) was 

for 25% FC (Figure 1). Also, Figure 2 shows 

that the protein content in the second 

experiment increased slightly during the first 

post-harvest days and declined five days 

after harvest. The highest protein (7.26%) 

was related to 50 mg L
-1 

of proline five days 

after harvest and the lowest (4.63%) was for 

control on the 10
th
 day. 

Superoxide Dismutase 

In the first experiment, the highest SOD 

activity (97.06 nmol g
-1

 FW) was for 75% 

FC and 100 mg L
-1

 of citric acid and the 

lowest (27.54 nmol g
-1

 FW) was for 25% FC 

(Figure 3). Also, Figure 4 shows that the 

activity of SOD increased in the second 

experiment, up to the fifth day after harvest, 

and then the enzyme activity decreased. The 

highest SOD activity (71.27 nmol g
-1

 FW) 

was related to 50 mg L
-1

 of citric acid on the 

fifth day after harvest and the lowest activity 

(31.21 nmol g
-1

 FW) was for the control on 

the 10
th
 day. 

Peroxidase 

In the first experiment, the highest POD 

activity (253.22 nmol g
-1

 FW) was related to 

75% FC and 100 mg L
-1

 citric acid, and the 

lowest (52.74 nmol g
-1

 FW) was related to, 

25% FC (Figure 3). Figure 4 also shows that 

POD activity in the second experiment 

increased up to the fifth day after harvest, 

and then the enzyme activity decreased. The 

highest POD activity (218.44 nmol g
-1

 FW) 

was for 100 mg L
-1

 of citric acid on the fifth 

day after harvest, and the lowest 

(75.41 nmol g
-1

 FW) was for the control on 

the 10
th
 day. 

Phenol 

In the first experiment, the highest phenol 

(140.43 mg GAE g
-1

 DW) belonged to 75% 

FC and 100 mg L
-1

 of proline and the lowest 

(49.75 mg GAE g
-1

 DW) was for 25% FC 

(Figure 5). Figure 6 also shows that phenol 

content in the second experiment decreased 

during the post-harvest days. The highest 

phenol (67.76 mg GAE g
-1

 FW) was for 

100 mg L
-1

 of proline at the beginning of the 

experiment and the lowest (23.61 mg 

GAE g
-1

 FW) was for the control on the 10
th
 

day. 

Flavonoid 

In the first experiment, the highest flavonoid 

(23.51 mg QE g
-1
 DW) was related to 75% FC 

and 100 mg L
-1
 of spermidine and the lowest 

(17.26 mg QE g
-1
 DW) was related to 25% FC 

(Figure 5). Also, Figure 6 shows that flavonoid 

in the second experiment declined during the 

post-harvest days. The highest flavonoid 

(15.81 mg QE g
-1
 FW) was for 100 mg L

-1
 of 

spermidine at the beginning of the 
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Figure 1. Effect of drought stress and foliar application of spermidine, citric acid and proline on carotenoid 

and protein. Values are mean±SD. Values marked by different letters are significantly different (P< 0.05). 

 

 
 

 
Figure 2. Changes in petals carotenoid and protein during the post-harvest days. Values are mean±SD. 

Values marked by different letters are significantly different (P< 0.05). 
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Figure 3. Effect of drought stress and foliar application of spermidine, citric acid and proline on SOD and POD 

activity. Values are mean±SD. Values marked by different letters are significantly different (P< 0.05).  

 

  

Figure 4. Changes in petals SOD and POD contents during the post-harvest days. Values are mean±SD. 

Values marked by different letters are significantly different (P< 0.05).  
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Figure 5. Effect of drought stress and foliar application of spermidine, citric acid, and proline on phenol and flavonoid. 

Values are mean±SD. Values marked by different letters are significantly different (P< 0.05).  

  

Figure 6. Changes in petals phenol and flavonoid content during the post-harvest days. Values are mean±SD. 

Values marked by different letters are significantly different (P< 0.05). 
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Figure 7. Effect of drought stress and foliar application of spermidine, citric acid, and proline on 

carbohydrate. Values are mean±SD. Values marked by different letters are significantly different (P< 0.05).  

 

experiment and the lowest (8.23 mg QE g
-1

 

FW) was for the control on the 10
th
 day. 

Total Carbohydrate 

In the first experiment, the highest 

carbohydrate (16.96 mg GLUC g
-1

 DW) was 

related to 75% FC and 100 mg L
-1

 of proline 

and the lowest (9.23 mg GLUC g
-1

 DW) was 

related to 25% FC (Figure 7). Also, Figure 8 

shows that carbohydrate in the second 

experiment declined during the post-harvest 

days. The highest rate of carbohydrate at the 

begining day of experiment (274.79 mg 

GLUC g
-1

 FW) was for 100 mg L
-1

 of 

proline and the lowest (19.59 mg GLUC g
-1

 

FW) was for the control on the 10
th
 day. 

Vitamin C 

In the first experiment, the highest amount 

of vitamin C (6.81 mg AA 100 g
-1
 FW) was 

related to the control and 100 mg L
-1
 of citric 

acid and the lowest (2.38 mg AA 100 g
-1
 FW) 

was related to 25% FC (Figure 7). Figure 8 

also shows that vitamin C decreased in the 

second experiment during the post-harvest 

days. The highest amount of vitamin C 

(4.43 mg AA 100 g
-1
 FW) was for 100 mg L

-1
 

of citric acid at the beginning of the 

experiment and the lowest (0.11 mg AA 100 g
-

1
 FW) was for the control on the 10

th
 day. 
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Figure 8. Changes in petals carbohydrate and vitamin C during the post-harvest days. Values are 

mean±SD.  Values marked by different letters are significantly different (P< 0.05). 

 

 
Figure 9. Effect of foliar application of spermidine, citric acid and proline on post-harvest life. Values 

are mean±SD. Values marked by different letters are significantly different (P< 0.05).  

 

Post-Harvest Life 

The highest post-harvest life (9.6 days) 

was related to 100 mg L
-1

 of citric acid and 

the shortest (5.3 days) was related to the 

control (Figure 9). 

DISCUSSION 

Drought stress causes accumulation of 

ROS and can lead to oxidative stress in 

plants (Song et al., 2008). Also, in terms of 

metabolic changes, plant aging occurs as a 

result of oxidative processes resulting from 

the production of ROS (Ohe et al., 2005). 

Numerous studies have reported that 

different compounds such as organic 

solutions reduce the effects of oxidative 

stress (Ashraf et al., 2011).

The results of the present study showed 

that under severe drought stress and during 

the post-harvest days, petal carotenoid 

content was reduced and could not play its 

protective role. The carotenoids reduction 

can be due to stimulation of ionic stress, a 

reduction in photosynthetic level, an 

increase in the production of oxygen 

radicals, peroxidation of these pigments and 
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chemical degradation of genes related to 

their biosynthetic path (Idrees et al., 2010). 

Kozminska et al. (2017) stated that salt 

stress in pot marigold reduces carotenoid 

content. However, the results of Jafarzadeh 

et al. (2013) showed that with increasing 

stress to relatively high stress levels, the 

content of photosynthetic pigments 

decreased, and increased again in severe 

stress. Proline application enhanced the 

biosynthesis and protection of 

photosynthetic pigments further, probably 

due to the effect of proline stimulation on 

photosynthetic pigments because of the 

stability of the active site of the enzymes 

(Ali et al., 2013). That is in agreement with 

the results reported by Gholami Zali and 

Ehsanzadeh (2018) about the application of 

proline on Foeniculum vulgare Mill.

In general, under drought stress and aging 

of petals, expression of genes encoding 

intracellular proteases is induced, causing 

protein degradation, nitrogen re-

mobilization and subsequently synthesis of 

soluble matter. Hence, reducing the protein 

content under the above conditions will 

reduce the protein synthesis as well as the 

accumulation of free amino acids such as 

proline and increase the activity of the 

protein degrading enzymes (Naeemi et al., 

2012). Increase in protein levels and then 

decrease during the post-harvest period can 

be due to an increase in amino acids caused 

by the breakdown of enzymes and a 

decrease in metabolic activity in the plant 

and, after that, the proteins in the plant begin 

to hydrolyze and reduce the amount of 

protein (Jalili Marandi, 2012). In this study, 

proline application increased protein. Proline 

can play a role in hydration of the layer of 

phospholipids, react with hydroxyl groups, 

thereby preventing the degradation of 

membrane proteins and phospholipids, 

maintaining membrane stability and 

increasing plant resistance to biological and 

non-biological stresses (Vendruscolo et al., 

2007). The study results of Naghizadeh et al. 

(2019) on Dracocephalum moldavica L. and 

Farahbakhsh and Pasandipour (2017) on 

Lawsonia inermis L. were consistent with 

the above results. 

Pandey et al. (2010) stated that the 

reduction in SOD and POD activities under 

severe stress indicates the ability to purify 

the plant cells, and since the measurement of 

enzyme activity is a result of synthesis and 

degradation, any reduction in enzyme 

activity under stress can be attributed to a 

reduction in synthesis or an increase in their 

degradation. Taiz and Zeiger (2006) stated 

that the level of response to drought 

depended on species, metabolic state, 

developmental stages, time, and intensity of 

stress. The plant storage at 4°C produces 

ROS such as superoxide radical. These 

radicals act as signals that activate SOD 

(Tajvar et al., 2011). SOD activity increases 

the amount of hydrogen peroxide, which is a 

secondary signal and activates peroxidases 

and other antioxidant enzymes (Tajvar et al., 

2011). Citric acid, by acidifying the 

medium, provides optimal conditions for the 

activity of SOD and POD enzymes, thereby 

eliminating free radicals and enhancing the 

defensive system of a plant (Yoruk et al., 

2005). It was consistent with the results of 

Tian et al. (2012) on Tagetes erecta L. and 

Abd Elbar et al. (2019) on Thymus vulgaris 

L. 

The phenol content protects plants from 

cells dehydration by increasing osmotic 

potential and/or regulation of redox potential 

and removal of ROS under stress conditions 

(Redha et al., 2012). However, phenol 

reduction under severe stresses indicates that 

these conditions have a negative impact on 

plant antioxidant properties (Toberman et 

al., 2008). The cause of a reduction in 

phenols during the post-harvest period may 

also be related to chemical and enzymatic 

changes such as oxidation of phenolic 

compounds by phenol oxidases, glycoside 

hydrolysis by glycosidases and 

polymerization of free phenolic compounds 

(Remorini et al., 2008). In this experiment, 

exogenous proline increased the amount of 

phenolic compounds, stimulating proline 

along with the pentose phosphate path to 

produce NADH2 for anabolic paths, 
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including phenolic path and antioxidant 

responses (Shetty and Wahlqvist, 2004). It 

was consistent with the study results of 

Gholami Zali and Ehsanzadeh (2018), 

Foeniculum vulgare Mill. and Gharibi et al. 

(2016) on Achillea pachycephala L. 

Flavonoids, due to their antioxidant role, 

directly inhibit oxidative stress by inducing 

reductive reactions and indirectly by iron 

chelating (Seyoum et al., 2006). It is likely 

that with increasing drought stress and petal 

aging, stimulation of other antioxidant 

mechanisms of plants, flavonoids were 

reduced. Because, when the plant is exposed 

to stress, a large amount of ROS such as 

hydroxyl radical, superoxide anion and 

hydrogen peroxide are produced. Most 

plants activate enzymatic systems to remove 

these radicals, so, it can be concluded that 

flavonoids were applied before the enzyme 

system acts, but, with increasing stress, the 

enzymatic system was activated and 

flavonoids decrease slightly (Jubany-Mari et 

al., 2010). Also, spermidine increased 

flavonoids. Spermidine can stimulate the 

activity of antioxidant systems and increase 

resistance to stress in plants (Yiu et al., 

2009). The results of this experiment were 

consistent with the results of Habibi (2018) 

on Aloe vera and Ali et al. (2007) on 

Origanum majorana L. 

In this experiment, the increase in soluble 

carbohydrate under mild stress was due to its 

role in cell osmotic potential regulation and 

the reduction in soluble carbohydrate under 

severe stress may be due to the consumption 

of sugars for the synthesis of metabolites 

such as proline in the shoot (Sodaiezadeh et 

al., 2016). Generally, oxidative processes 

that occur in post-harvest decrease 

carbohydrates contents during senescence 

(Cavasini et al., 2018). Proline application 

increased carbohydrate, as the plant did not 

need sugar to synthesize these compounds 

and, as a result, the sugar content increased 

in this treatment (Gholami Zali and 

Ehsanzadeh, 2018). The study results were 

consistent with those of Abd-Elhamid et al. 

(2016) on Trigonella foenum-graecom L. 

and Farhoudi et al. (2014) on Matricaria 

recutita L. 

In this experiment, ascorbate reduction 

under severe stress could be due to direct 

degradation of ascorbate by O2 or other 

ROS, as well as the use of ascorbate for the 

synthesis of Zeaxanthin and reproduction of 

alpha-tocopherol (Sharma et al., 2014). 

Also, ascorbic acid acts as a cofactor for 

ACC oxidase to produce ethylene. 

Therefore, its value declined with time and 

during storage (Spinardi, 2005). Citric acid 

increased vitamin C levels. Citric acid 

protects the cell membrane and cellular 

contents, including vitamin C, due to its 

antioxidant properties, as well as by 

reducing pH and acidifying the medium, it 

inhibits ACC synthetase activity, thereby 

preventing ethylene production and vitamin 

C reduction (Ruoyi et al., 2005). The study 

results were consistent with Sharma et al. 

(2014) on Cucumis melo L.

By reducing pH and acidifying the 

medium, citric acid inhibits the activity of 

synthase in the alkaline medium, thereby 

preventing ethylene production, reducing 

respiration and, finally, enhancing post-

harvest life (Spinardi, 2005). It was 

consistent with the results of Eidyan et al. 

(2014) on Polianthes tuberosa L. 

Based on the studies, it could be 

concluded that foliar application of 

spermidine, citric acid, and proline can be 

used as efficient compounds for increasing 

the quality and quantity of medicinal plants 

metabolites and can be used purposefully for 

increasing the efficiency of medicinal plants 

production.

In general, it can be stated that Calendula 

officinalis L. with a strong enzymatic system 

can remove free radicals and prolong life 

under drought stress as well as during post-

harvest days. In this experiment, foliar 

application of 100 mg L
-1

 citric acid 

increased the activity of SOD, POD, vitamin 

C and postharvest life. Carotenoids, 

carbohydrates, and phenol increased with 

100 mg L
-1

 proline. Fifty mg L
-1

 proline and 

100 mg L
-1

 spermidine increased protein and 

flavonoid, respectively. As a result, in order 
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to obtain the highest phytochemical 

properties as well as post-harvest life of this 

valuable plant with respect to the medicinal 

and nutritional value of Calendula officinalis 

L., irrigation at 75% FC with the foliar 

application at 100 mg L
-1

 concentrations of 

spermidine, citric acid and proline is 

recommended.  

ACKNOWLEDGEMENTS 

Thanks to Gorgan University of 

Agricultural Sciences and Natural Resources 

for providing the necessary facilities for this 

research. 

REFERENCES 

1. Abd Elbar, O., Farag, R. and Shehata, S. 

2019. Effect of Putrescine Application on 

Some Growth, Biochemical and Anatomical 

Characteristics of Thymus vulgaris L. under 

Drought Stress. Ann. Agric. Sci., 64(2): 129-

137.  

2. Abd-Elhamid, E. M., Sadak, M. S. and 

Tawfik, M. M. 2016. Physiological 

Response of Fenugreek Plant to the 

Application of Proline under Different 

Water Regimes. Pharm. Biol. Chem. Sci., 

7(3): 580-594. 

3. Acemi, A., Avcı Duman, Y., Yuzugullu 

Karakus, Y. and Özen, F. 2018. 

Developmental and Biochemical Analyses 

of in Vitro Drought Stress Response in 

Ornamental European Bluestar (Amsonia 

orientalis Decne.). Folia Hort., 30(2): 357-

366. 

4. Ali, Q., Anwar, F., Ashraf, M., Saari, N. and 

Perveen, R. 2013. Ameliorating Effects of 

Exogenously Applied Proline on Seed 

Composition, Seed Oil Quality and Oil 

Antioxidant Activity of Maize (Zea mays L.) 

under Drought Stress. Int J Mol Sci., 14(1): 

818-835.  

5. Ali, RM., Abbas, H.M. and Kamal, R.K. 

2007. The Effect of Treatment with 

Polyamines on Dry Matter, Oil and 

Flavonoid Contents in Salinity Stressed 

Chamomile and Sweet Marjoram. Plant Soil 

Environ., 53(12): 529-543.  

6. Aliyari, P., Bakhshi Kazaj, F., Barzegar, M. 

and Ahmadi Gavlighi, H. 2020. Production 

of Functional Sausage Using Pomegranate 

Peel and Pistachio Green Hull Extracts as 

Natural Preservatives. J. Agr. Sci. Tech., 

22(1): 159-172. 

7. Ashraf, M., Akram, N. A., Al-Qurainy, F. 

and Flooda, M. R. 2011. Drought Tolerance: 

Roles of Organic Osmolyts, Growth, 

Regulators, and Mineral Nutrients. Adv. 

Agron., 111: 249-296.  

8. Cavasini, R., Laschi, D., Tavares, A. and 

Lima, G. 2018. Carbohydrate Reserves on 

Postharvest of Lisianthus Cut Flowers. J. 

Ornam. Hortic., 24(1):12-18.  

9. Chang, C. C., Yang, M. H., Wen H. M. and 

Chern J. C. 2002. Estimation of Total 

Flavonoid Content in Propolis by Two 

Complementary Colorimetric Methods. J 

Food Drug Anal., 10(3): 178-182. 

10. Da Silva, J. A. T. 2003. The Cutflower: 

Postharvest Considerations. Res. J. Biol. 

Sci., 3(4): 406–442.  

11. Du Preez, D. R. and Bale, G. C. 2008. A 

Simple Method for the Quantitative 

Recovery of Nitrate–N during the Kjeldahl 

Analysis of Dry Soil and Plant Samples. 

Commun. Soil. Sci. Plant Anal. 345-357.  

12. Eidyan, B., Hadavi, E. and Moalemi, N. 

2014. Pre-Harvest Foliar Application of Iron 

Sulfate and Citric Acid Combined with Urea 

Fertigation Affects Growth and Vase Life of 

Tuberose (Polianthes tuberosa L.) ‘Por-Par’. 

Hort. Environ. Biotechnol., 55(1): 9–13.  

13. Ezhilmathi, K., Singh, V., Arora, P. and 

Sairam, R. K. 2007. Effect of 5-

Sulfocalicylic Acid on Antioxidant in 

Relation to Vase Life of Gladiolus Cut 

Flower. Plant Growth Regul., 51: 99-108. 

14. Farahbakhsh, H. and Pasandipour, A. 2017. 

Physiological Response of Henna, 

Medicinal-Industrial Plant, to Application of 

Salicylic Acid under Drought Stress. J. 

Plant Proc. Func., 6(19): 233-246. 

15. Farhoudi, R., Lee, D. J. and Hussain, M. 

2014. Mild Drought Improves Growth and 

Flower Oil Productivity of German 

Chamomile (Matricaria recutita L.). J. 

Essent. Oil Bear. Pl., 17(1): 26-31.  

16. Gharibi, Sh., Tabatabaei, B. E., Saeidi, Gh. 

and Goli, S. A. 2016. Effect of Drought 

Stress on Total Phenolic, Lipid Peroxidation, 

and Antioxidant Activity of Achillea 

Species. Biotechnol. Appl. Biochem., 

178(4):796-809.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

6.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

08
 ]

 

                            12 / 15

https://dorl.net/dor/20.1001.1.16807073.2021.23.6.6.9
https://jast.modares.ac.ir/article-23-42056-en.html


Metabolic and Enzymatic Responses of Pot Marigold ______________________________  

1351 

17. Gholami Zali, A. and Ehsanzadeh, P. 2018. 

Exogenous Proline Improves 

Osmoregulation, Physiological Functions, 

Essential Oil, and Seed Yield of Fennel. Ind. 

Crops Prod., 111:133–140.  

18. Habibi, Gh. 2018. Effects of Mild and 

Severe Drought Stress on the Biomass, 

Phenolic Compounds Production and 

Photochemical Activity of Aloe vera (L.) 

Burm.f. Acta Agric. Slov., 111(2): 463 - 476. 

19. Idrees, M., Khan, M. M. A., Aftab, T., 

Naeem, M. and Hashmi, N. 2010. Salicylic 

Acid Induced Physiological and 

Biochemical Changes in Lemongrass 

Varieties under Water Stress. J. Plant 

Interact., 5(4): 293-303.  

20. Jafarzadeh, L., Omidi, H. and Bostani, A. A. 

2013. Effect of Drought Stress and Bio-

Fertilizer on Flower Yield, Photosynthesis 

Pigments and Proline Content of Marigold 

(Calendula officinalis L.). IJMAPR., 29(3): 

666-680. 

21. Jalili Marandi, R. 2012. Postharvest 

Physiology. Jihad Publications, West 

Azerbaijan University, PP. 150-153. 

22. Jin, J., Lauricella, D., Armstrong, R., Sale, 

P. and Tang, C. 2015. Phosphorus 

Application and Elevated CO2 Enhance 

Drought Tolerance in Field Pea Grown in a 

Phosphorus-Deficient Vertisol. Ann Bot., 

116(6): 975–985. 

23. Jubany-Marí, T., Munné-Bosch, S. and 

Alegre, L. 2010. Redox Regulation of Water 

Stress Responses in Field-Grown Plants. 

Role of Hydrogen Peroxide and Ascorbate. 

Plant Physiol. Biochem., 48(5): 351-358. 

24. Kou, L., Turner, E. R. and Luo, Y. 2012. 

Extending the Shelf Life of Edible Flowers 

with Controlled Release of 

1‐Methylcyclopropene and Modified 

Atmosphere Packaging. J. Food Sci, 77(5): 

S188-S193. 

25. Kozminska, A., Al Hassan, M., Kumar, D., 

Oprica, L., Martinelli, F., Grigore, M. N., 

Vicente, O. and Boscaiu, M. 2017. 

Characterizing the Effects of Salt Stress in 

Calendula officinalis L. J. Appl. Bot. Food 

Qual., 90: 323-329. 

26. Leonti, M. 2012. The Co-Evolutionary 

Perspective of the Food-Medicine 

Continuum and Wild Gathered and 

Cultivated Vegetables. Genet. Resour. Crop 

Ev., 59(7): 1295-1302.  

27. Mohammadi, H., Imani, A., Abdosi, V., 

Asghari, M. R. and Talaei, A. R. 2020. 

Exogenous Salicylic Acid Mitigates Adverse 

Effects of Salinity on Some Photosynthesis-

Related Parameters of Almond. J. Agr. Sci. 

Tech., 22(2): 519-534. 

28. Mujahid, F., Shafaqat, A., Rizwan, M., Ali, 

Q. and Hussain Bukhari, A. 2017. Citric 

Acid Assisted Phytoextraction of Chromium 

by Sunflower; Morpho Physiological and 

Biochemical Alterations in Plants. 

Ecotoxicol. Environ. Saf., 145: 90-102.  

29. Naeemi, M., Ali Akbari, Gh., Shirani Rad, 

A. H., Hassanloo, T. and Abbas Akbari, Gh. 

2012. Effect of Zeolite Application and 

Selenium Spraying on Water Relations 

Traits and Antioxidant Enzymes in 

Medicinal Pumpkin (Cucurbita pepo L.) 

under Water Deficit Stress Conditions. J. 

Crop Improv., 14(1): 67-81. 

30. Naghizadeh, M., Kabiri, R., Hatami, A., 

Oloumi, H., Nasibi, F. and Thahmasei, Z. 

2019. Exogenous Application of Melatonin 

Mitigates the Adverse Effects of Drought 

Stress on Morpho-Physiological Traits and 

Secondary Metabolites in Moldavian Balm 

(Dracocephalum moldavica). Physiol. Mol. 

Biol. Plants., 25(4): 881-894.  

31. Ohe, M., Rapolu, M., Mieda, T., Miyagawa, 

Y., Yabuta, Y., Yoshimura, K. and 

Shigeoka, S. 2005. Decline in Leaf 

Photooxidative-Stress Tolerance with Age in 

Tobacco. Plant Sci. J., 168(6): 1487-1493.  

32. Pal, M., Szalai, G. and Janda, T. 2015. 

Speculation: Polyamines Are Important in 

Abiotic Stress Signaling. Plant Sci. J., 237: 

16-23.  

33. Pandey, H. C., Baig, M. J., Chandra, A. and 

Bhatt, R. K. 2010. Drought Stress Induced 

Changes in Lipid Peroxidation and 

Antioxidant System in Genus Avena. J. 

Environ. Biol., 31(4): 435-440. 

34. Parvin, S., Lee, O. R., Sathiyaraj, G., 

Khorolragchaa, A., Kim, Y. J. and Yang, D. 

C. 2014. Spermidine Alleviates the Growth 

of Saline-Stressed Ginseng Seedlings 

through Antioxidative Defense System. 

Gene., 537(1): 70-78.  

35. Redha, A., Al-Mansor, N., Suleman, P., 

Hasan. R. A. and Afzal, M. 2012. 

Modulation of Antioxidant Defenses in 

Conocarpus lancifolius under Variable 

Abiotic Stress. Biochem. Syst. Ecol., 43: 80–

86.  

36. Remorini, D., Tavarini, S., Degl, E., Loreti 

F., Massai R. and Guidi, L. 2008. Effect of 

Root Stock and Harvesting Time on the 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

6.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

08
 ]

 

                            13 / 15

https://dorl.net/dor/20.1001.1.16807073.2021.23.6.6.9
https://jast.modares.ac.ir/article-23-42056-en.html


  _______________________________________________________________________ Soroori et al. 

1352 

Nutritional Quality of Peel and Flesh of 

Peach Fruits. Food Chem., 110(2): 361-367.  

37. Roosta, H.R., Mohammadian, F., Raghami, 

M., Hamidpour, M. and Mirdehghan, S. H. 

2020. Effect of Nutrient Solution and 

Pruning on Plant Growth  Yield, and Fruit 

Quality of Hot Pepper Grown in an NFT 

System. J. Agr. Sci. Tech., 22(6): 1-14. 

38. Ruoyi, K., Zhifang, Y. and Zhaoxin, L. 

2005. Effect of Coating and Intermittent 

Warming on Enzymes, Soluble Pectin 

Substances and Ascorbic Acid of Prunus 

persica (Cv. Zhonghuashoutao) during 

Refrigerated Storage. Food Res. Int., 38(3): 

331-336.  

39. Sarvandi, S., Ehtesham Nia, A., Rezaei 

Nejad, A. and Azimi, M.H. 2020. Morpho-

Physiological Responses of Some Iris 

Cultivars under Drought and Salinity 

Stresses. J. Agr. Sci. Tech., 22(2): 535-546. 

40. Sedghi, S., Seyed Sharifi, R., Pirzad, A. R. 

and Amanpour-Balaneji, B. 2012. 

Phytohormonal Regulation of Antioxidant 

Systems in Petals of Drought Stressed Pot 

Marigold (Calendula officinalis L.). J. Agr. 

Sci. Tech., 14(4): 869-878.  

41. Seyoum, A., Asres, K. and El-Fiky, F. K. 

2006. Structure Radical Scavenging Activity 

Relationships of Flavonoid. Phytochemistry, 

67(18): 2058-2070.  

42. Shams Najafabadi, N., Sahari, M. A., 

Barzegar, M. and Hamidi Esfahani, Z. 2020. 

Role of Extraction Conditions in the 

Recovery of Some Phytochemical 

Compounds of the Jujube Fruit. J. Agr. Sci. 

Tech., 22(2): 439-451. 

43. Sharma, S. P., Leskovar D. I., Crosby K. M., 

Volder, A. and Ibrahim, A. M. H. 2014. 

Root Growth, Yield, and Fruit Quality 

Responses of Reticulatus and Inodorus 

Melons (Cucumis melo L.) to Deficit 

Subsurface Drip Irrigation. Agric. Water 

Manag., 136: 75–85. 

44. Shetty, K. and Wahlqvist, M. L. 2004. A 

Model for the Role of the Proline-Linked 

Pentose-Phosphate Pathway in Phenolic 

Phytochemical Bio-Synthesis and 

Mechanism of Action for Human Health and 

Environmental Applications. Asia Pac. J. 

Clin. Nutr., 13(1): 1-24. 

45. Sodaiezadeh, H., Shamsayi, M., Tajamolian 

M., Mirmohammadi Meybodi, A. and 

Hakimzadeh, M. 2016. The Effect of 

Drought Stress on Some Morphological and 

Physiological Traits of Satureja hortensis. J. 

Plant Proc. Func., 5(15): 1-11. 

46. Song, W. Y., Zhang, Z. B., Shao, H. B., 

Guo, X. L., Cao, H. X., Zhao, H. B., Fu, Z. 

Y. and Hu, X. J. 2008. Relationship between 

Calcium Decoding Elements and Plant 

Abiotic-Stress Resistance. Int J Biol Sci., 

4(2): 116-125.  

47. Sood, Sh. and Nagar, P. K. 2008. Post-

Harvest Alterations in Polyamines and 

Ethylene in Two Diverse Rose Species. Acta 

Physiol. Plant., 30(2): 243-248. 

48. Spinardi, A.M. 2005. Effect of Harvest Date 

and Storage on Antioxidant Systems in 

Pears. Acta Hortic., 682: 655-662. 

49. Szabados, L. and Savoure, A. 2009. Proline: 

A Multifunctional Amino Acid. Trends in 

Plant Sci., 15: 89-97. 

50. Taiz, L. and Zeiger, E. 2006. Plant 

Physiology. Forth Edition, Sinauer 

Associates, Inc., Publishers Sunderland, 

Massachusetts. 

51. Tajvar, Y., Fotouhi Ghazvini, R., 

Hamidoghli, Y. and Hassan Sajedi, R. 2011. 

Antioxidant Changes of Thomson Navel 

Orange (Citrus sinensis) on Three 

Rootstocks under Low Temperature Stress. 

Hortic. Environ. Biotechnol., 52(6): 576-

580.  

52. Tian, Z., Wang, F., Zhang, W., Liu, CH. and 

Zhao, X. 2012. Antioxidant Mechanism and 

Lipid Peroxidation Patterns in Leaves and 

Petals of Marigold in Response to Drought 

Stress. Hortic Environ Biotechnol, 53(3): 

183–192.  

53. Toberman, H., Evans, C., Freeman, C., 

Fenner, N., White, M. and Artz, R. R. 2008. 

Summer Drought Effects upon Soil and 

Litter Extracellular Phenol Oxidase Activity 

and Soluble Carbon Release in an upland 

Calluna Heathland. Soil Biol. Biochem., 

40(6): 1519-1532.  

54. Vendruscolo, E.C., Schuster, I., Pileggi, M., 

Scapim, C.A., Molinari, H. B., Marur, C. J. 

and Vieira, L.G. 2007. Stress-Induced 

Synthesis of Proline Confers Tolerance to 

Water Deficit in Transgenic Wheat. J. Plant 

Physiol., 164(10): 1367-1376.  

55. Yiu, J. C., Juang, L. D., Fang, D. Y. T., Liu, 

C. W. and Wu, S. J. 2009. Exogenous 

Putrescine Reduces Flooding-Induced 

Oxidative Damage by Increasing the 

Antioxidant Properties of Welsh Onion. Sci 

Hortic., 120(3): 306-314. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
21

.2
3.

6.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
8-

08
 ]

 

                            14 / 15

https://www.sciencedirect.com/science/article/abs/pii/S0038071708000175#!
https://www.sciencedirect.com/science/article/abs/pii/S0038071708000175#!
https://dorl.net/dor/20.1001.1.16807073.2021.23.6.6.9
https://jast.modares.ac.ir/article-23-42056-en.html


Metabolic and Enzymatic Responses of Pot Marigold ______________________________  

1353 

56. Yoruk, I. H., Demir, H., Ekici, K. and 

Sarvan, A. 2005. Purification and Properties 

of Catalase from Van Apple (Golden 

Delicious). Pak. J. Nutr., 4(1): 8-10. 

‌به‌(.Calendula officinalis L)بهار‌گیاه‌همیشه‌های‌متابولیکی‌و‌آنزیمی‌پاسخ

‌تحت‌تنش‌خشکی‌پس‌از‌برداشت‌،پاشی‌اسپرمیدین،‌اسید‌سیتریک‌و‌پرولین‌محلول

 .‌لادن‌مقدمع.‌ر.‌همتی،‌و‌خی،‌ئسروری،‌ا.‌داناس.‌

‌چکیده

پاشی،  این تحقیق در قالب دو آزمایش انجام گرفته است. آزمایش اول به منظور بررسی اثر محلول

های آنزیمی  ها و فعالیت ( بر متابولیت100و  mg/L 50 سیتریک و پرولین )صفر، اسپرمیدین، اسید 

و  50، 25بدون تنش)شاهد(، )‌تحت تنش خشکی (.Calendula officinalis L)بهار  گیاه همیشه

پاشی اسپرمیدین، اسید سیتریک و پرولین  درصد ظرفیت زراعی( و آزمایش دوم به منظور اثر محلول 75

 10و  5، ها )شروع آزمایش ای و عمر پس از برداشت گل ( بر ارزش تغذیه100و  mg/L 50)صفر،

تکرار اجرا  3با  کاملاً تصادفیآماری صورت فاکتوریل در قالب طرح آزمایش ب روز(، انجام شد. هر دو

دار  گیری شده اثر معنی بر متغییرهای اندازه تیمارها گردید. نتایج حاصل از این آزمایشات نشان داد، تمام

فنل اکسیداز را  % ظرفیت زراعی، کلیه صفات به جز فعالیت آنزیم پلی25ند. در آزمایش اول، تنش داشت

% ظرفیت زراعی، موجب افزایش کارتنوئید، کربوهیدرات کل، فنل، فلاونوئید، 75ش داد، اما تنش کاه

های پراکسیداز و سوپراکسید دیسموتاز شد. بالاترین ویتامین ث در بین سطوح  پروتئین، فعالیت آنزیم

نوئید، ، میزان کارتmg/L 100 ها با پرولین پاشی گل خشکی در شاهد مشاهده شد. همچنین محلول

، میزان mg/L 100 ، میزان پروتئین را افزایش داد. اسپرمیدینmg/L 50 کربوهیدرات و فنل و پرولین

های سوپراکسید دیسموتاز و  ، میزان ویتامین ث، فعالیت آنزیمmg/L 100 سیتریک فلاونوئید و اسید 

ده روز از برداشت،  پراکسیداز را افزایش داد. در آزمایش دوم، تمام صفات مورد ارزیابی، پس از

روز( و کمترین  7/9) mg/L 100 سیتریک  کاهش یافتند، بیشترین عمر پس از برداشت در تیمار اسید

سیتریک و پرولین با  روز( بود. نتایج این تحقیق نشان داد، کاربرد اسپرمیدین، اسید 3/5در تیمار شاهد )

های بیوشیمیایی و  % ظرفیت زراعی موجب بهبود ویژگی75به همراه سطح آبیاری  mg/L 100 غلظت

 بهار شد. ای و عمر پس از برداشت همیشه صفات تغذیه
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