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Article Info ABSTRACT

Article type: Research Article Salinity is one of the most significant stresses that reduce the performance of most plants

worldwide. Plants utilize various mechanisms in response to environmental stresses. Chitosan,
a natural biopolymer, acts as a biostimulant and a non-toxic, environmentally friendly
compound, widely effective in response to biotic and abiotic stresses. To investigate the effect
Received: Jan. 25, 2025 of chitosan and nano-chitosan on the morphophysiological characteristics of Calendula

. officinalis L. under salinity stress, a greenhouse experiment was conducted. Treatments
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Accepted: June. 22, 2025 modifier levels (0, 0.25, 0.5 g/L chitosan and 0.25 and 0.5 g/L nano-chitosan) in a factorial
. . arrangement based on a completely randomized design with three replications. The results
Published online: Aug. 2025 showed that the highest fresh and dry weight of the whole plant and flower, number of flowers,

number of leaves, and plant height were observed in the 0.5 g/L nano-chitosan foliar
application treatment under non-stress conditions. The lowest levels of these traits were
observed in the 150 mM sodium chloride stress treatment without modifier application.
application of 150 mM sodium chloride stress reduced the relative water content of leaves by
12.6% compared to the control. Foliar application of modifiers significantly increased the

Keyyvords: relative water content of leaves compared to the control. Salinity stress increased ion leakage,
Proline, but foliar application of modifiers reduced ion leakage. Also, the highest amount of
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pumol/g fresh weight. The lowest proline concentration was observed in the control treatment
at 1.64 umol/g fresh weight. According to the obtained results, it seems that foliar application
of nano-chitosan can be introduced as a suitable modifier to increase the performance of
Calendula officinalis L. under salinity stress conditions.
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EXTENDED ABSTRACT

Background and Objectives

Since salinity stress is considered a limiting factor in agricultural production, research on mechanisms
that can increase plant resistance is needed. At the same time, the use of biological modifiers can eliminate the
effects of stress and improve plant growth. Also, considering the important position of marigold in meeting
medicinal, food and industrial needs and taking into account the results of previous research, chitosan and
nanochitosan were used in this study to reduce damage caused by salinity and increase marigold yield.

Methodology

In order to investigate the effect of chitosan and nano-chitosan on morphological and physiological
characteristics of marigold under salt stress, an experiment was conducted in greenhouse conditions in a
factorial and completely randomized design with three replications. The treatments included four salinity levels
(0, 50, 100 and 150 mM NaCl source) and five modifier levels (0, 0.25, 0.5 g.I"* chitosan and 0.25 and 0.5 g.I°
! nano-chitosan). After the plant growth period, plant height, fresh and dry weight, flower fresh and dry weight,
flower number, leaf number, ion leakage, relative leaf water content, photosynthetic pigments and proline
content were determined by conventional methods.

Results

The results showed that the highest fresh and dry weight of the whole plant, fresh and dry weight of
flowers, number of flowers, number of leaves and height in the plant were observed in the treatment of foliar
spraying of 0. g.I" of nano chitosan under non-stress conditions. Also, the lowest amount of these traits was
found in the stress treatment of 150 mM NaCl salt and without the use of modifiers. Salinity stress reduced the
relative water content of leaves, and the application of 150 mM NaCl salt reduced the relative water content
of leaves by 12.6% compared to the control treatment. Foliar spraying of modifiers caused a significant
increase in relative leaf water content compared to the control treatment. Salinity stress increased ion leakage.
But foliar spraying of moderators reduced ion leakage. Also, the highest amount of chlorophyll and carotenoid
was observed in the foliar application of 0.5 g.I* of nano-chitosan under non-stress conditions and the lowest
amount of these traits was observed in the control treatment. The results of the mean comparison showed that
the highest amount of proline was related to the treatment of 150 mM salt and 0.5 g.I™* nano-chitosan foliar
spraying at the rate of 3.44 umol.g? fresh weight. The lowest concentration of proline was observed in the
treatment of no stress and no application of modifier at the rate of 1.64 pmol.g™ of fresh weight.

Conclusion

According to the study, increasing sodium chloride concentration negatively impacted various
morphological and physiological indices of marigold. Specifically, the height, fresh and dry weight of the
entire plant, fresh and dry weight of flowers, the number of flowers and leaves, relative water content of leaves,
and photosynthetic pigments all decreased. Additionally, salinity stress led to an increase in proline content
and ion leakage. However, the application of foliar sprays with chitosan and nanochitosan showed significant
improvement in all aspects of plant growth and development. Notably, nanochitosan proved to be more
effective in alleviating salinity stress compared to conventional chitosan. This suggests that nanochitosan may
be a promising solution for enhancing salt stress tolerance when used with other products. The enhanced
effectiveness of nanochitosan can be attributed to its smaller particle size, larger surface area, and greater
permeability compared to regular chitosan, making it more efficient in mitigating salinity effects. Overall,
incorporating chitosan and nanochitosan could be beneficial for improving the growth and resilience of
marigold plants in saline environments, as these compounds not only help retain moisture but also minimize
the adverse impacts of salinity by activating the plant's defense mechanisms.
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