Investigation of the Effect of NaCl Elicitor on In Vitro Callogenesis of
Chrysanthemum indicum var. indiucum

ABSTRACT

Introduction

In vitro culture and callus production are considered important tools in the improvement of traits and production of
secondary metabolites in medicinal and ornamental plants. The Chrysanthemum indicum var. indicum plant, due to its high
medicinal and ornamental value, has attracted much attention from researchers in the field of tissue culture. Chrysanthemum
indicum L. is known as one of the most important ornamental and medicinal plants in the world, which, in addition to
ornamental use, is also utilized in the pharmaceutical, food, and cosmetic industries. Its secondary metabolites such as
phenols, flavonoids, and terpenoids play an important role in antioxidant and anti-inflammatory properties. These
compounds increase in response to biotic and abiotic stresses. The callus induction process is considered a key stage in
breeding and propagation programs, the success of which depends on factors such as the type of explant, culture medium,
and plant growth regulators. The use of elicitors such as NaCl under in vitro conditions can stimulate the production of
secondary metabolites and improve callus growth. Accordingly;, the present study was designedywith the aim of
investigating the callus formation process and evaluating the effects ofidifferent concentrations of sediumehloride (NaCl)
as a non-biological elicitor under in vitro conditions of Chrysanthemumiindicum var. indicumyThis study evaluated callus
formation, growth, and metabolite production to advance the understanding, of salt stress responses on tissug,culture of
Chrysanthemum indicum var. indicum. \

Method
In this research, two separate experiments were,carried out,in the plant tissue culture laberatory of Hormozgan University.

In the first experiment, a factorial experiment was,conducted in a completelyprandomized design (CRD) to evaluate the
effects of plant growth regulators (PGRs), explant type, and light conditions,en callus induction. The MS culture medium
was prepared according to the Murashige and Skoog (1962) formula, and the following PGRs treatments were added:
control (without PGRS), 1 mg/L NAA + 2 mg/L BAP, 2 mglL 2,4-D, O.2$/L BAP + 0.5 mg/L 2,4-D, and 2 mg/L BAP
+ 2 mg/L 2,4-D. Leaf and stem explants were cultured under light/@and dark conditions. After four weeks, the measured
traits included percentage of callus induction, fime.to callusiinitiation, callus fresh and dry weight, and callus volume. In
the second experiment, the effect of different sadium chloride coneentrations (0, 50, 100, and 150 mM) was evaluated in a
completely randomized design. Physiological and biochemical characteristics of the callus were assessed, including
photosynthetic pigmentspphenol, flavonoid, anthoeyanin;proline, antioxidant activity (DPPH), malondialdehyde (MDA),
and the activities of catalase and peroxidase enzymes."Measurements were performed using standard extraction protocols
and a spectrophotemeter. Data were analyzed using SAS software, andimean comparisons were carried out using Duncan’s
multiple range test.

Results

The resultsyof this study indigate that'the combination of BAP and 2,4-D under light conditions (E1HsL) significantly
improved callus,inductionyin Chrysanthemum indicum var. indicum, achieving the highest callus formation percentage and
the shortest time taycallus formation. This highlights the importance of optimizing growth regulators and environmental
conditions for efficients€allus induction. The control treatment showed superior performance in terms of biomass
accumulation and chlorophyll content, which suggests that under non-stress conditions, the plant can better allocate
resources togrowths'In contrast, the sodium chloride treatment at 150 mM induced notable stress responses, evidenced by
increasedantioxidant activity, anthocyanin content, and other biochemical markers, suggesting its potential for enhancing
the productien‘of secondary metabolites. This study emphasizes the dual role of hormonal treatments and osmotic stress in
enhancing both'growth and the accumulation of valuable compounds in plant tissue cultures.

Conclusions

The most effective treatment for callus induction and formation was the combination of leaf explant, 2 mg/L BAP + 2 mg/L
2,4-D, under light conditions, which resulted in the highest callus induction percentage, the shortest time to callus initiation,
and the greatest fresh weight, dry weight, and callus volume. The results indicate that sodium chloride elicitor can
significantly improve certain biochemical, antioxidant, and metabolic traits. This study shows that under stress conditions,
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the level of medicinal metabolites in this plant increases. Therefore, this elicitor can be used as a tool to simulate
environmental stresses and stimulate the production of secondary metabolites.
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Abstract
In vitro cultivation and callus productionyare important tools:for trait improvement, secondary metabolite

production in medicinal plants, ahd ornamental,propagation Chrysanthemum indicum var. indicum, due to its
high medicinal and ornamental va%e, has attracted considerable attention from researchers in the field of tissue
culture. The, use of elicitors'such as NaCl can influence callogenesis and the production of defensive
compounds by inducing osmotic stress. The aim of this study was to investigate the process of callus induction
and the effect of differeh NaCl concentrations on various morphophysiological, metabolic, biochemical, and
antioxidant “traits_ of callus in in vitro culture of Chrysanthemum indicum var. indicum. Seeds of
Chrysanthemum indicum var. indicum were cultured in vitro, and explants were prepared from the leaves and
stems of the plant. In the present study, the first experiment was conducted factorially in a completely
randomized design with three factors: explant type, growth regulator combination, and light conditions. The
highest callus induction percentage, the shortest time to callus initiation, and the greatest fresh and dry weight
of callus were related to leaf explants treated with 2 mg BAP + 2 mg 2,4-D under light conditions. The second
experiment was conducted as a completely randomized design to investigate the effect of different NaCl
concentrations (0, 50, 100, and 150 mM) on callus traits. According to the results, NaCl treatment had a
significant effect on increasing the metabolic, biochemical, and antioxidant traits of callus. The effect of 150
mM NaCl on some biochemical traits and antioxidant activity of callus was significant, and it increased the

amount of secondary metabolites of the plant, including phenols, flavonoids, and anthocyanins, under stress.
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Therefore, this elicitor can be used as a tool to simulate environmental stress and stimulate the production of
secondary metabolites.

Keywords: antioxidant activity, elicitation, explant, plant tissue culture, secondary metabolite
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