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Calendula (Calendula officinalis L) is among the well-known pharmaceutical plants whose flower and extract are widely 
used in the pharmaceutical and cosmetic industries. To evaluate the morphologic traits and plant yield of calendula under 
drought stress treatment, the present experiment was conducted in randomized blocks with three iterations in Abi Biglou 
city in 2020. The treatments included 1. Normal irrigation (control), 2. Mild stress (0.3 megapascals), 3. Relatively intense 
stress (0.75 megapascals), and 4. Intense stress (1 megapascal). The stress was started and applied to the plants as 
they reached the four-leaf stage. This study investigated the traits of seed weight, plant height, three-harvest (total) yield, 
b photosynthesis pigment content, and total and dry flower extract. Results indicated significant differences between the 
studied treatments at the significance levels of 1% and 5% for all variables except relative water content. In the present 
study, calendula managed to tolerate a drought of 0.3 megapascals well. Flower extract reached its peak in favorable 
irrigation conditions (no stress). The control treatment has the highest flower yield at 538.2kg/ha and relatively intense 
(0.75 megapascals) and intense (1 megapascal) treatments had the lowest flower yield, respectively. Drought stress 
resulted in a 63.82% decline in flower yield in the plants treated with 1 megapascal of pressure (intense stress) compared 
to control plants (normal irrigation) in calendula. Overall, drought stress was revealed to be a factor for decreased plant 
yield in calendula, while it increased photosynthetic pigment content. Although calendula suffers from reduced yield as a 
result of drought, it can still survive and yield under extreme drought conditions.  
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INTRODUCTION 

Pharmaceutical plants are rich sources of secondary 
metabolites that are the essential ingredients in many 
medications. Although these substances are essentially 
obtained through genetically-modified processes, their 
production is significantly influenced by environmental 
factors since environmental factors change the growth of 
pharmaceutical herbs in terms of quantity and quality of 
their active contents such as glycosides, alkaloids, 
steroids, essential oils, etc (Bi et al. 2021, Gholamin and 
Khayatnezhad, 2020a, Hou et al. 2021, Li et al. 2022, 
Ahmadi et al. 2014). The agricultural products of 
pharmaceutical plants are considered cost-effective as 
long as their secondary metabolite contents are at 
favorable levels. Thus, maximum yield can be achieved by 
adjusting the environmental factors and choosing the right 
plant cultivars (Tao et al. 2021, Wang et al. 2021, Wang et 
al. 2022a, Yin et al. 2021, Zhang et al. 2021). Calendula 
(Calendula officinalis L) is a plant from the Asteraceae 
family and is among the best-known and most widely-used 
pharmaceutical herbs. This plant is used widely for its 
essence in traditional medicine and Horticultural therapy. 
The most important effective components of calendula 

include terpenoids, flavonoids, Coumarin, Quinones, 
essential oil, carotenoid, and amino acids (Azimi et al. 
2012, Bannayan et al. 2008). Calendula extract has 
pharmaceutical effects such as wound recovery, anti-
bacterial, anti-inflammatory, immunity system stimulation, 
antitumor, and anti-aids effects (Abdi, 2021, Alizadeh, 
2021a, Karasakal, 2021a, Mohammadzadeh, 2021, 
Radmanesh, 2021b). Calendula flowers have also proven 
to have antiviral, antimutagenic, antitumor, and antioxidant 
effects. However, one of the most significant uses of this 
plant is currently in treating inflammatory and skin 
diseases (Cheng et al. 2021, Huang et al. 2021, Karasakal 
et al. 2020a, Khayatnezhad and Gholamin, 2020a, Ma et 
al. 2021a, Peng et al. 2021). Some pharmacopeias have 
introduced calendulas with or without their sepals as a 
drug (Blokhina et al. 2003). Drought stress leaves a 
significant impact on plants’ growth, survival, and 
photosynthesis in semi-dry and dry Mediterranean 
climates (Gholamin and Khayatnezhad, 2020c, Ma et al. 
2021b). High temperature and inadequate soil moisture 
are the main factors limiting crop yield in such climates 
(Alizadeh, 2021b, Karasakal, 2021b, Radmanesh, 2021a). 
Drought is among the leading factors limiting plant growth 
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worldwide and is the most prevalent environmental stress 
(Chen et al. 2021, Gholamin and Khayatnezhad, 2020d, 
Jia et al. 2020, Karasakal et al. 2020b). Iran is considered 
among the dry and semi-dry areas with an average rainfall 
of 240mm (1/3 of the global average) (Khayatnezhad and 
Gholamin, 2021a, Li et al. 2021). As a result, 
environmental conditions are among the factors 
influencing plant yield in the country (Ebrahimi et al. 2017, 
Fonseca et al. 2010). Water is among the environmental 
factors that leave significant impacts on the growth and 
effective materials of pharmaceutical plants (Gholamin 
and Khayatnezhad, 2020b, Wang et al. 2022b, Xu et al. 
2021, Zheng et al. 2021). Water deficiency can impose 
many damages on the growth and effective contents of 
pharmaceutical plants (Ganjali et al. 2010). Identification 
of the critical times and developing a schedule for 
cultivation based on a precise plan is the key to saving 
water, improving irrigation, and increasing the plant's 
resistance against water shortage in agriculture (Ganjali et 
al. 2010). Although many studies have been conducted on 
the impact of environmental stress on the growth and yield 
of crops, there is little information regarding how 
pharmaceutical herbs respond to these stresses 
(Khayatnezhad and Gholamin, 2020b). Drought stress 
reduces the growth of some pharmaceutical herbs such as 
Bupleurum Chinense and Hypericum Brasiliense, but 
many studies suggest that it increases the secondary 
metabolites in many plant species such as Rehmannia 
Glutinosa (Si et al. 2020, Sun et al. 2021, Sun and 
Khayatnezhad, 2021, Zhu et al. 2021b). However, there 
are contradictory reports in this regard, among which one 
can mention the study revealing a significant decline in all 
the growth parameters and essential oils in mint as a 
result of drought stress (Haase et al. 2000). Given the 
significance of calendula in several industries such as 
pharmacy, the present experiment studies the impact of 
drought stress treatment on the morphological traits and 
yield of calendula (Calendula officinalis L). 
  
MATERIALS AND METHODS 

The present study was conducted to evaluate studies 
the impact of drought stress treatment on the 
morphological traits and yield of calendula (Calendula 
officinalis L) cultivated in randomized blocks with three 
iterations in Abi Biglou city in 2020. Before starting the 
experiment, samples were obtained from the depth of 0-

30cm and 30-60cm of the soil and were transferred to the 
laboratory to determine the physicochemical features of 
the soil. Table 1 demonstrates the results of soil analysis.  

The present experiment was conducted in randomized 
blocks with three iterations. The treatments included 1. 
Normal irrigation (control)2. Mild stress (0.3 
megapascals),3. Relatively intense stress (0.75 
megapascals),and 4. Intense stress (1 megapascal). 
Calendula plots were cultivated in May 2020 at a total 
area of five meters square with a cultivation arrangement 
of 20 ×40 plots. Each plot was 2 meters away from the 
other. The drought treatment started at the four-leaf stage. 
To apply the drought treatment, an eco-tensiometer was 
placed at root-depth in the soil. To estimate the flowering 
yield during sampling, a one-meter margin was considered 
from the beginning and end of each plot. Plant heights 
were measured using a ruler with an accuracy of 1mm. 
Flowers from 1m2 of each plot were harvested randomly to 
measure flower yield.  
 
Measuring a, b, and total chlorophyll 
 Arnon’s method (Arnon, 1949) was used to measure a, b, 
and total chlorophyll in milligrams per unit weight of wet 
leaf.  

 

Relative water content  
To measure the relative water content, 15 leaves were 
selected from each plot and immersed in water for 24 
hours after weighing. The leaves were then weighed again 
and kept in an oven at 73 degrees Celsius for 48 hours. 
Eventually, the relative water content was obtained using 
the dry leaf weight based on the following equation: 

 
Where FW represents the wet leaf weight, DW stands for 
dry leaf weight, TW represents leaf moisture weight, and 
RWC stands for relative moisture content. 

 
Table 1: the physio-chemical features of the soil in the studied farm 

Soil Texture Sand Clay Silt K P N O.C PH Ec 

 % % % Mg/kg Mg/kg % %  Ds/m 

Loam 42 22 35 280 7.5 0.045 0.55 7.85 1.3 
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Essence Extraction   
To extract the essence, 100g dried flower powder was 
soaked in one liter of 80% ethanol solution for 48 hours 
and ent4rifuged at 4000rpm. The resulting alcoholic 
extract was stored in a petri dish for the ethanol to 
evaporate. The weight difference between the empty petri 
dish and the petri dish containing the essence indicated 
the weight of the essence: 
Weight of the petri dish containing essence-empty petri 
dish weight= essence weight  
Variance analysis test, Duncan multiple range 
comparison, and Pearson correlation were estimated 
using SAS statistical software and Excel software was 
used to draw the diagrams.  
 
RESULTS AND DISCUSSION 

Results of variance analysis of the studied traits 
(Table 2) indicated significant differences between the 
studied treatments in terms of the studied traits at 1% and 
5% significance levels. In other words, the treatments had 
significant impacts on the traits. The coefficient of change 
was the highest (5.03%) in chlorophyll a, and lowest in 
grain weight (1.2%) (Table 2). 

Plant height  
Results indicated that the initial values of stress did 

not influence calendula height significantly, but the stress 
of one megapascal resulted in a significant decline in the 
plant. Comparing the impact of mean drought stress on 
plant height (Figure 1) revealed that low stress 
(0.3megapascal) and relatively intense stress 
(0.75megapascal) had the highest plant height at 26.2 and 
25.7, respectively, while intense stress (one megapascal) 
resulted in the lowest plant height.  

 

 
 

Figure 1: the mean impact of drought stress level on 
the plant height of calendula medicinal herb 

The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

Overall, the plant blooms under the impact of 
important factors including carbohydrate to protein 
compound ratio, the degree of growth days, and Florigen 
hormone release. The plant undergoes high C/V inevitably 
as a result of drought stress due to reduced soluble 
nitrogen content in the soil rhizosphere which results in 
low plant height. On the other hand, such conditions 
reduce the flowering and ripening periods and, 
subsequently, reduce the overall yield of the plant 
(Gholamin and Khayatnezhad, 2021). Results of studies 
on calendula indicated that its number of flowers and 
height decline significantly due to drought stress (Zhu et 
al. 2021a). 

Weight per thousand grains  
Results indicated that the stress of 0.3 and 

1megapascal had significant effects on the height of 
calendula, while the stress of 0.75megapascpal led to no 
significant decline in plant height. Comparison of mean 
drought stress levels for weight per thousand grains 
(Figure 2) revealed that treatment with relatively intense 
stress (0.75megapascal) and the control treatment yielded 
the highest weight per thousand grains, while low stress 
(0.3megapsacal) and intense stress (1megapascal) 
resulted in the lowest weights per thousand grains at 93 
and 9.4g, respectively. Drought stress reduces the plant’s 
capacity to produce photosynthetic materials and store 
them in the grain (Hay and Gilbert, 2001). Results of a 
study conducted on soybeans also revealed that drought 
stress led to a significant weight decrease per thousand 
grains (Hay and Gilbert, 2001). Results of correlation 
between the studied traits (Table 3) indicated an 
insignificant and positive relationship between weight per 
thousand grains and the traits of plant height and relative 
water content. The relationship between weight per 
thousand grains and the percentage of dried flower 
essence was revealed to be positive and significant 
(*0.97). 

 
Figure 2: mean the impact of drought stress levels on 
weight per thousand grains in calendula medicinal 
herb 

The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
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Table 2:  Results of analysis of variance of evaluated traits 

Mean of Square 

df S.O.V Dried flower 
extract 

Relative 
water content 

Yield 
(total) 

Content of 
photosynthetic pigments 

Weight 
of 1000 
seeds 

Plant 
 height 

a+b b a 

0.213 ns 3.434** 168.3* 1.251 ns 1.108** 0.018 ns 0.23** 0.592 ns 2 Rep 
41.12** 0.140ns 92825** 118.7** 26.66** 34.28** 0.97** 22.63** 3 Drought Stress 

0.44 0.139 25.75 0.975 0.057 0.848 0.014 0.161 6 Error 

4.27 1.63 1.46 3.02 1.67 5.03 1.2 1.67 C.V.% 
*, ** Significant at the level of five and one percent probability 

Flower yield (three-harvest total) 
Results revealed that drought stress resulted in a 

63.82% decline in flower yield in treatment with 
1megapascal stress (intense stress) compared to the 
control (normal irrigation) in calendula (Figure 3), which is 
consistent with the results of previous research on 
calendula (Khayatnezhad and Gholamin, 2021b). Results 
of comparing drought stress levels in terms of flower yield 
(Figure 3) revealed that the control treatment (no stress) 
had the highest (538kg/ha) and the relatively intense 
(0.75megapascal) and intense (1megapascal) treatments 
had the lowest flower yield (Figure 3). As the stress starts, 
all the internal processes of the plant such as protein 
synthesis, photosynthesis, and lipid metabolism are 
influenced, and as the stress intensifies, growth in the leaf 
area and, eventually, plant growth stop (Ahmadi et al. 
2014). As photosynthesis declines in the plant, the energy 
required to obtain dry material reduce which results in 
reduced final yield. Besides, environmental stresses 
disrupt the balance between antioxidants and active 
oxygen species in various parts of the plant (Li-Ping et al. 
2006). Photosynthetic active oxygen has the potential to 
react with many cellular compounds and damage the 
membrane and other vital macro-molecules such as 
proteins, photosynthesis pigments, nucleic acids, and 
lipids, which reduces plant yield (Ren and Khayatnezhad, 
2021). Results of correlation between the studied traits 
(Table 3) revealed a positive and insignificant relationship 
between flower yield and all the studied traits except 
relative water content.  

 
Figure 3: mean impact of drought stress levels on 
flower yield in calendula medicinal herb 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

Relative water content  
Results of variance analysis indicated that drought 

treatments had no impact on relative water content (Table 
2).  

Photosynthesis pigment content  
Results revealed that drought stress had a significant 

(P≤0.01) influence on photosynthesis pigment content. 
Comparing the impact of mean drought stress level on 
photosynthesis pigment content (Figure 4) revealed that 
the mild stress treatment (0.3megapascal) had the highest 
contents of chlorophyll a, b, and a+b (Figure 4). 
Photosynthesis is among the essential physiologic 
processes in plants, and its intensity declines due to water 
shortage. Photosynthesis stability and chlorophyll 
maintenance under stress conditions are among the 
physiologic indices of resistance to stress. Results 
indicated that mild drought did not influence the 
chlorophyll content of the two cold-climate plants of 
Festuca and rangeland grass, but intense drought reduces 
the chlorophyll content in both plants. Results of the 
present study indicated that calendula managed to 
tolerate drought stress of 0.3megapascal quite well. 
According to some researchers, the drought-induced 
decline in chlorophyll content is associated with increased 
free radicals resulting in pigment peroxidation (Guo et al. 
2021, Khayatnezhad and Nasehi, 2021). Results of 
correlation between the studied traits (Table 3) revealed a 
positive and significant relationship between chlorophyll a 
and chlorophyll b and a+b as well as chlorophyll b and 
a+b.  

 
Figure 4: mean the impact of drought stress levels on 
chlorophyll a, b, and a+b in calendula medicinal herb 
The presence of different letters indicates a significant difference by 
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Duncan test at the level of 5% probability. 

Dried flower essence  
Results revealed that drought stress had a significant 

(P≤0.01) influence on dried flower essence content (Table 
2). It was revealed that the amount of dried flower 
essence reaches its peak under favorable irrigation 

conditions (no stress) (Figure 5). Contrary to the results of 
the present study, Li et al. (2000) reported that in the case 
of Acer negundo, most essence contents of the plant 
increase as a result of increasing the stress (Li et al. 
2000).  

 
 

Figure 5: mean the impact of drought stress levels dried flower essence in calendula medicinal herb 
The presence of different letters indicates a significant difference by Duncan test at the level of 5% probability

 
Table 3: Correlations between the studied traits 

 
 Plant 

height 
Chlorophyll 

a 
Chlorophyll 

b 
a+b Relative water  

content 
Weight 

1000 seeds 
Total  
Yield 

Chlorophyll a -0.228 1      

Chlorophyll b 0.031 .955* 1     

a+b -0.107 .990** .987* 1    

Relative water content -0.613 -0.622 -0.808 -0.718 1   

Weight 1000 seeds 0.247 -0.936 -0.938 -0.948 0.594 1  

Total Yield 0.401 0.12 0.093 0.108 -0.318 0.214 1 

Dry flower extract -0.068 -0.502 -0.654 -0.58 0.55 0.97* 0.609 

*, ** Significant at the level of five and one percent probability 
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CONCLUSION 
Results indicated that drought stress is a factor for 
reduced plant yield in calendula pharmaceutical herb. 
However, drought was revealed to increase the 
photosynthesis pigment content. Although calendula often 
suffers from reduced yield in the face of drought, it is 
capable of surviving and yielding under intense drought 
conditions 
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