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Abstract

Objective

Due to its important medicinal metabolites (including calenduloside, quercetin, and others),
Calendula officinalis L. is considered an excellent source for new drugs. One of the
biotechnological tools for enhancing the production of these metabolites is the use of the
elicitation process in vitro culture. Therefore, the aim of this study was to improve the medicinal
metabolites, morphophysiological characteristics, and biochemical properties of this plant under
the influence of chitosan elicitor in vitro culture.

Materials and methods

In this study, the effects of different seed sterilization methods and seed coating on the
germination rate and seed contamination of Calendula officinalis L. were evaluated. A factorial
experiment was conducted in a completely randomized design with two factors (sterilization
method and seed coating type) and four replications. Then, Low molecular weight chitosan
elicitor was prepared in different concentrations (0, 25, 50, and 75 mg/L) and applied to the seeds.
Finally, the effects of chitosan on the improvement of morphophysiological, metabolite, and
biochemical traits of Calendula officinalis L. in vitro culture were investigated.
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Results

The results of the interaction effect between sterilization method and seed coating showed that
treatment S;C; (second sterilization method, place in 10% benomyl fungicide for 5 minutes, place
in 70% ethanol for 30 seconds, place in 1% sodium hypochlorite for 15 minutes, combined with
no seed coating) had the highest germination percentage (100) compared to other treatments. The
results of simple main effect analysis of sterilization methods showed that the highest and lowest
contamination rates were related to the first (S1) and third (Ss) sterilization methods, respectively.
The results of the mean comparison indicated a significant increase in the traits of plant height,
fresh weight of seedlings, number and length of roots, stem length, and leaf number and width in
all chitosan concentrations compared to the control. The highest and lowest amounts of
flavonoids, total phenol, antioxidant activity, anthocyanin, carotenoids, chlorophyll a and b,
catalase, peroxidase, and proline content were found in the treatment with 50 mg/L chitosan and
the control, respectively. The highest and lowest levels of malondialdehyde were observed in the
control and 50 mg/L chitosan treatments.

Conclusions

Overall, the results showed that a chitosan concentration of 50 mg/L was more effective in
improving the morphophysiological, metabolic, and biochemical traits of Calendula officinalis
L. in vitro culture.
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Introduction

The genus Calendula includes approximately 25 annual or perennial herbaceous species,
with the most common and oldest species being Calendula officinalis L. This plant contains
numerous phytochemical compounds and various medicinal activities, making it an excellent
source for developing new drugs. Some of the most important medicinal components of this plant
belong to different classes of chemical compounds, including terpenoids, flavonoids, triterpenoid
esters, steroids, phenolic compounds, carotenoids, triterpenoids, essential oils, quinones, fatty
acids, minerals, saponins, carbohydrates, sterols, and tocopherols. Due to its richness in these
secondary metabolites, the plant exhibits various biological activities, such as anti-inflammatory,
anti-diabetic, antioxidant, anticancer, antimicrobial, anti-ulcer, antifungal, antiviral,
antithrombogenic, neuroprotective, skin-protective, and anti-fatigue effects. All these properties
and secondary metabolites highlight the importance of the Calendula officinalis L. plant as a
valuable medicinal herb in traditional medicine. The tissue culture technique has been widely
used for the rapid production of uniform, disease-free, and high-quality plants on a commercial
scale. In vitro culture systems in Calendula officinalis L. can propagate this plant through
micropropagation, thus serving as an efficient solution for preserving the genetic resources of this
valuable plant. Additionally, through in vitro methods such as callus culture, cell suspension
culture, and hairy root culture, the continuous supply of bioactive metabolites of this plant can be
ensured. Therefore, propagation under in vitro conditions is a crucial step in meeting the demand
for such a plant. One of the promising biotechnological tools for enhancing the production of
secondary metabolites in plants is the use of the elicitation process in in vitro culture using
elicitors. Elicitors are compounds derived from both biotic and abiotic sources that can trigger the
plant's response to stress, leading to the intensification of plant secondary metabolite biosynthesis,
a process known as "elicitation.” Elicitors are classified into two categories based on their origin:
biotic elicitors and abiotic elicitors. Abiotic elicitors include physical, chemical, and hormonal
factors, while biotic elicitors are substances of biological origin, including polysaccharides and
pathogens. The aim of this study is to evaluate the secondary metabolites and
morphophysiological characteristics of Calendula officinalis L. under the influence of yeast

extract, silver nitrate, and chitosan in in vitro culture.

Materials and methods

In this study, the effects of different seed sterilization methods and seed coating on the
germination percentage and seed contamination of Calendula officinalis L. were evaluated. For
this purpose, a factorial experiment was conducted in a completely randomized design with two

factors, 4 replications, and 5 seeds per replication. The first factor consisted of three levels of
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different disinfection methods, and the second factor involved seed coating at two levels (with
and without coating). Additionally, chitosan elicitor with low molecular weight was prepared at
various concentrations (0, 25, 50, and 75 mg/l) and added to Murashige and Skoog medium. This
experiment was also designed in a completely randomized design with 4 treatments, 3
replications, and 5 seeds per replication. The chitosan powder was initially dissolved in 2% acetic
acid, and the required concentrations were prepared from this solution. After approximately one-
month, morphological parameters such as seedling height, stem length, root number and length,
leaf number and width, and fresh seedling weight were assessed using a caliper, manual counting,
and a balance. Furthermore, the effect of the elicitor on other traits such as carotenoids,
chlorophyll, total phenol, total flavonoids, antioxidant activity, proline, anthocyanins,
malondialdehyde, catalase, and peroxidase was also evaluated. This experiment investigates the
effects of various seed disinfection methods and seed coating on germination and early growth of
Calendula officinalis L., as well as the impact of chitosan elicitor on improving the physiological
and biochemical traits of the plant.

Results

The results of the interaction effect between sterilization method and seed coating showed
that treatment S,C; (second sterilization method, place in 10% benomyl fungicide for 5 minutes,
place in 70% ethanol for 30 seconds, place in 1% sodium hypochlorite for 15 minutes, combined
with no seed coating) had the highest germination percentage (100) compared to other treatments.
The results of simple main effect analysis of sterilization methods showed that the highest and
lowest contamination rates were related to the first (S1) and third (Ss) sterilization methods,
respectively. The results of the mean comparison indicated a significant increase in the traits of
plant height, fresh weight of seedlings, number and length of roots, stem length, and leaf number
and width in all chitosan concentrations compared to the control. The highest and lowest amounts
of flavonoids, total phenol, antioxidant activity, anthocyanin, carotenoids, chlorophyll a and b,
catalase, peroxidase, and proline content were found in the treatment with 50 mg/L chitosan and
the control, respectively. The highest and lowest levels of malondialdehyde were observed in the

control and 50 mg/L chitosan treatments.

Conclusions

Chitosan has been widely used in in vitro conditions to enhance growth in tissue cultures and
promote the production of secondary metabolites. Most studies have reported significant
improvements when this biological elicitor is added to the basal medium or when it replaces

conventional plant growth regulators. Due to its unique characteristics, chitosan is also considered
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a biocompatible material for mass propagation of plants and increasing the industrial production
of bioactive compounds through environmentally friendly methods. In this study, the results
generally showed that chitosan improved the growth, physiological, metabolic, and biochemical
traits of Calendula officinalis L. Among all the concentrations used, the 50 mg/l concentration

was found to be the most effective in improving these traits.
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Figure 1. The results of the comparison between the average effects of sterilization methods
and seed coatings on the germination percentage of Calendula officinalis L. seeds (A), the
simple effect of different disinfection methods on the percentage of contamination (B) and
the simple effect of seed coating on the percentage of contamination of seeds of Calendula

officinalis L.plant (C): Sy, first method, Sz, second method, Sz, third method of sterilization,

C, and C; (seeds with and without coating). The error bar indicates the standard error
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Figure 2. Cultivation of Calendula officinalis L. seeds on MS medium: uncoated seeds (A),
coated seeds (B)
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Figure 3. The results of the mean comparison of the effects of different chitosan
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and 75 mg per liter of chitosan. The average of similar letters does not have a significant
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Figure 4. The results of the mean comparison of the effects of different chitosan
concentrations on root number (A), root length (B) and seedling fresh weight (C) of
Calendula officinalis L.: C, control Cso, C7s and Crs respectively at concentrations of 25, 50

and 75 mg/liter, respectively. The average of similar letters does not have a significant
difference at the five percent probability level. Error bar indicates standard error
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Figure 5. Comparison results of the average effect of different concentrations of chitosan on
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Figure 6. Comparison results of the average effect of different concentrations of chitosan on
anthocyanin (A), chlorophyll a (B) and chlorophyll b (C) of Calendula officinalis L.: C,
control Cso, C7s and Cys respectively with concentrations of 25, 50 and 75 mg per liter of

chitosan, respectively. The average of similar letters does not have a significant difference

at the five percent probability level. The error bar indicates the standard error
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