https://ijpb.ui.ac.ir/?lang=en

Journal of Plant Biological Sciences
E-ISSN: 3041-9603
Vol. 18, Issue 2, No. 68, 2026, pp. 23- 42
Received: 25/04/2026 Accepted: 31/08/2026
(Research Paper)

Comparative Effects of Selenium and Selenium Nanoparticles on the
Physiological Responses of Saffron Callus (Crocus sativus L.)

Mahsa Khorsandi Moghadam ', Roya Karamian "=/

! Department of Biology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran

Abstract

Selenium (Se) can regulate plant growth and antioxidant metabolism, though its effects depend strongly on the
form and concentration used. This study compared the effects of conventional selenium (sodium selenate) and
selenium nanoparticles (SeNPs) on the physiological responses of saffron (Crocus sativus L.) callus cultured
in vitro. Uniform calli were treated with 5 mg L' sodium selenate or SeNPs, while untreated calli served as
the control. Both Se forms increased callus biomass, compatible solutes, phenolic compounds, total protein,
and antioxidant enzyme activities. Sodium selenate reduced hydrogen peroxide and malondialdehyde contents,
indicating improved redox regulation and reduced membrane lipid peroxidation. Conversely, SeNPs increased
both oxidative-stress markers despite inducing stronger antioxidant responses, suggesting that the activated
defense system was insufficient to prevent oxidative damage. Both treatments reduced photosynthetic pigment
contents, with a more pronounced decline under SeNP exposure. Overall, sodium selenate produced a more
favorable physiological response, whereas SeNPs at 5 mg L' induced both metabolic stimulation and oxidative
toxicity. These findings emphasize the need to optimize the concentration of each Se form independently
before its application in saffron tissue culture.
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Introduction

Saffron (Crocus sativus L.) is a sterile, vegetatively propagated geophyte of considerable economic and
medicinal importance. Propagation through corms is slow and may transmit pathogens; therefore, tissue
culture is valuable for rapid clonal propagation, production of pathogen-free material, and controlled
production of bioactive metabolites. Its success depends on plant growth regulators and the mineral
composition of the culture medium. Selenium (Se), although not essential for higher plants, can exert beneficial
effects at low concentrations by promoting growth and stimulating antioxidant systems. At excessive
concentrations, however, Se may become pro-oxidant and impair cellular functions. Selenium nanoparticles
(SeNPs) have attracted attention because their distinctive physicochemical properties may alter cellular uptake
and biological activity. Nevertheless, plant responses depend on the form, concentration, species, and culture
conditions of Se, and comparative information for saffron callus remains limited. This study compared the
effects of sodium selenate and SeNPs, applied at the same nominal concentration, on growth, metabolites,
oxidative-stress markers, and antioxidant enzymes in saffron callus cultured in vitro.

Materials and Methods

Healthy saffron corms were washed under running water and surface-disinfected sequentially with 70%
ethanol for 5 min and 0.1% mercuric chloride for 10 min, followed by three rinses with sterile distilled water.
Corm-derived explants were cultured on Murashige and Skoog (MS) medium containing 3% sucrose and 1
mg L' each of 1-naphthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP) to induce callus formation.
After five subcultures, morphologically uniform calli were transferred to MS media with the same plant-
growth-regulator composition and assigned to three treatments: an untreated control, 5 mg L' conventional Se
supplied as sodium selenate, and 5 mg L' SeNPs. Cultures were maintained in darkness under controlled
conditions in a culture room. At the end of the treatment period, calli were harvested, and samples intended
for biochemical analyses were stored at —80 °C.

Fresh and dry weights were recorded as indices of biomass accumulation. Photosynthetic pigments, including
chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids, were determined spectrophotometrically.
Soluble sugars and free proline were measured as indicators of carbon status and osmotic adjustment. Total
phenolics, flavonoids, and anthocyanins were assayed to evaluate non-enzymatic antioxidant and secondary-
metabolic responses. Malondialdehyde (MDA) and hydrogen peroxide (H-0:) were quantified as indicators of
lipid peroxidation and oxidative status, respectively. Total soluble protein was determined using the Bradford
assay. The activities of peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) were also
measured spectrophotometrically. Data were analyzed using SPSS, and treatment means were compared using
Duncan’s multiple range test at P < 0.05.

Results and Discussion

Both Se treatments significantly affected most of the evaluated physiological and biochemical traits, but the
magnitude and direction of the responses differed between sodium selenate and SeNPs. Application of either
Se form increased callus fresh and dry weights relative to the control, indicating that Se at the tested nominal
concentration could promote biomass accumulation under the present culture conditions. This response may
reflect improved cellular redox regulation and metabolic activity. Nevertheless, the growth-promoting effect
should be interpreted alongside the oxidative-stress responses, because increased biomass does not necessarily
imply the absence of cellular stress.

The highest concentrations of chlorophyll @, chlorophyll b, total chlorophyll, and carotenoids were observed
in untreated calli. Both sodium selenate and SeNPs reduced pigment contents, with SeNPs generally exerting
the stronger negative effect, particularly on carotenoids. Because the cultures were maintained in darkness and
callus is a largely undifferentiated tissue, pigment values should be regarded as biochemical characteristics of
the callus rather than direct measures of photosynthetic performance. The decline may be associated with
inhibition of pigment biosynthesis or reduced pigment stability under Se-induced changes in cellular redox
status. The stronger response to SeNPs is consistent with their potentially greater interaction with cellular
surfaces; however, nanoparticle uptake and intracellular localization were not directly measured in this study
and require further investigation.



Comparative Effects of Selenium and Selenium Nanoparticles. ../ Mahsa Khorsandi Moghadam & Roya Karamian. 25

Both Se forms enhanced the accumulation of phenolics, flavonoids, and anthocyanins, and the highest phenolic
levels were generally recorded in SeNP-treated calli. These compounds contribute to non-enzymatic
antioxidant capacity and may accumulate when secondary-metabolic pathways are stimulated by moderate
redox perturbation. Selenium may influence phenylpropanoid metabolism, including processes associated with
phenylalanine ammonia-lyase activity, whereas the pronounced response to SeNPs may reflect a stronger
elicitation signal. Proline and soluble sugars also increased following both treatments, with the greatest
accumulation under SeNP exposure. In cultured tissues, these compatible solutes may support osmotic balance,
stabilize macromolecules, store carbon, and buffer redox. Their accumulation, however, may represent either
improved protective capacity or a response to treatment-induced stress; thus, it should not be interpreted solely
as evidence of enhanced tolerance.

The clearest distinction between the two Se forms was observed in oxidative-stress markers. Sodium selenate
reduced both H-02. and MDA contents relative to the control, suggesting improved control of reactive oxygen
species and lower membrane lipid peroxidation. In contrast, SeNPs at the same nominal concentration
markedly increased H.O2 and MDA levels, indicating increased oxidative stress and membrane damage. These
findings show that equal mass concentrations of conventional and nanoparticulate Se are not necessarily
physiologically equivalent. Differences in dissolution, surface reactivity, cellular contact, and effective
availability could account for the contrasting responses, although these mechanisms were not directly assessed.
Consequently, the increase in protective metabolites and antioxidant enzymes under SeNP treatment should
be viewed as a compensatory defense response rather than unequivocal evidence of a beneficial effect.

Total soluble protein increased in response to both Se forms. Moreover, POD, CAT, and SOD activities were
enhanced, with the highest activities generally occurring in SeNP-treated calli. SOD provides an initial line of
enzymatic defense by converting superoxide radicals to H-0O2, whereas CAT and POD participate in H-O:
detoxification. The coordinated induction of these enzymes indicates activation of the antioxidant defense
network. Under sodium selenate treatment, this activation coincided with reduced H.O. and MDA, suggesting
that antioxidant capacity was sufficient to constrain oxidative damage. Under SeNP treatment, however,
elevated enzyme activities did not prevent H.0O> accumulation or lipid peroxidation, suggesting that reactive
oxygen species production exceeded the tissue's detoxification capacity. Thus, the stronger biochemical
response elicited by SeNPs included both defense stimulation and evidence of toxicity at 5 mg L.

Conclusion

Conventional Se and SeNPs both modified growth and metabolism in saffron callus, but they produced distinct
redox outcomes. Sodium selenate promoted biomass, compatible-solute accumulation, phenolic metabolism,
protein content, and antioxidant activity while reducing H-O. and MDA. SeNPs also stimulated biomass and
defense-related traits, often more strongly, but simultaneously decreased pigment contents and increased
oxidative-stress markers. Therefore, the SeNP response at 5 mg L' cannot be regarded as uniformly beneficial.
The results emphasize that Se form and concentration must be optimized independently before using Se-based
treatments in saffron tissue culture. Dose-response experiments, physicochemical characterization of SeNPs
in the culture medium, and direct assessment of Se uptake and localization are recommended to distinguish
beneficial elicitation from nanoparticle-induced toxicity and to define a safe and effective application range.
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Figure 1- Saffron calli from corm explant (A) 4 months after subculture in MS medium supplemented with 1 mg L' each of NAA and
BAP. (B) 2 weeks after transfer to MS medium supplemented with 1 mg L' each of NAA and BAP and 5 mg L-! sodium selenate. (C)
2 weeks after transfer to MS medium supplemented with 1 mg L' each of NAA and BAP and 5 mg L™ selenium nanoparticles.
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Table 1- Analysis of variance of the effects of selenium and selenium nanoparticles treatments on physiological indices of Crocus

sativus calli.

S.0.V. df Selenium Selenlu.m Error CV (%)
nanoparticles
Fresh weight 2 36.1*%* 36.1*%* 0.0669 0.45
Dry weight 2 65.6%* 65.6%* 0.00157 0.43
Chl a 2 99.1** 99.1** 0.000114 0.23
Chl b 2 4.31m 4.31m 0.000220 32.1
Total Chl 2 210%** 210%** 0.0000825 0.14
Carotenoids 2 45.0** 45.0** 0.00203 0.87
Total phenol 2 52.9%* 52.9%* 0.0937 0.44
Total flavonoid 2 41.3** 41.3** 0.128 0.49
Total anthocyanin 2 23.4** 23.4** 0.000171 0.38
Proline 2 685177** 685177** 0.00000077 0.001
Soluble sugar 2 199%* 199%* 5.92 0.43
H0: 2 3527** 3527%* 0.0000841 0.018
MDA 2 216%* 216%* 0.00105 0.055
Total protein 2 9737** 9737** 0.000000196 0.002
Peroxidase 2 36.6%* 36.6%* 0.000154 1.23
Catalase 2 90.7** 90.7** 0.505 1.64
Superoxide dismutase 2 3802** 3802** 0.0455 0.031

> n
R L‘)Jﬁ)‘}&&ﬁ r-»\&j/b cla.ujb Oﬁj)b&ﬁjg.;\ﬁ ;,\.:.7,74.1

ST s OV esliT Sl 1df el o 5 8.0V

S.0.V: Source of variation, df: Degree of freedom, CV: Coefficient of variation. ** and ns represent significant at 5% probability level and not

significant, respectively.
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Figure 2— Comparison of the effects of selenium (Se) and selenium nanoparticles (SeNPs) on the fresh (A) and dry (B) weights of

Crocus sativus calli.
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Figure 3— Comparison of the effects of selenium (Se) and selenium nanoparticles (SeNPs) on the content of chlorophyll a (A),
chlorophyll b (B), total chlorophyll (C) and carotenoids (D) in Crocus sativus calli.
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Figure 4 — Comparison of the effects of selenium (Se) and selenium nanoparticles (SeNPs) on the content of total phenol (A), flavonoid

(B), and anthocyanin (C) in Crocus sativus calli.
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Figure 5 — Comparison of the effects of selenium (Se) and selenium nanoparticles (SeNPs) on the content of H2O2 (A), proline (B),

MDA (C) and soluble sugars (D) in Crocus sativus calli.
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Figure 6 — Comparison of the effects of selenium (Se) and selenium nanoparticles (SeNPs) on the content of total protein (A) and
activity of the enzymes catalase (CAT), (B), peroxidase (POD) (C) and superoxide dismutase (SOD) (D) in Crocus sativus calli.
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