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Antioxidant activity, Introduction

Ornamental plants, Proline, In recent decades, the economic importance of ornamental plants has increased
Relative water content, Water considerably, creating substantial potential for their cultivation in both domestic and
stress. international markets. However, seasonal bedding plants are often more vulnerable
than other plant species to water-related stresses. Consequently, the global challenge
of water scarcity and limited water resources has encouraged researchers to explore
strategies to mitigate these problems and improve water-use efficiency in agriculture.

Catharanthus roseus (L.) G. Don., commonly known as periwinkle, is a valuable

ornamental plant frequently used in landscaping as a border and ground-cover species.

Rece(;;eg.ct 2025 It is a perennial evergreen shrub in tropical and subtropical regions, whereas in colder
climates it is cultivated as an annual. Beyond its ornamental value, periwinkle is also

Revised: medicinally important due to its production of alkaloids with therapeutic applications.
03 Dec 2025 Previous studies have reported that foliar application of ZnO-NPs enhances vegetative
and reproductive growth, promotes nutrient uptake, and mitigates the adverse impacts

Accepted: of drought stress. Zinc (Zn) plays a critical role in protecting proteins and membrane
12 Dec 2025 lipids against reactive oxygen species (ROS) and other by-products of intracellular

redox reactions, thereby maintaining membrane integrity. In addition, Zn is an essential
component of the superoxide dismutase (SOD) enzyme. Therefore, the present study
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was undertaken to evaluate the effects of foliar application of ZnO-NPs on the morphological and

physio-biochemical traits of C. roseus under water-deficit stress.

Materials and Methods

This research was conducted in 2024 in the research greenhouse of the Faculty of Agriculture,
Lorestan University, Iran. Greenhouse conditions were maintained at an average daytime
temperature of 20-28 °C, a nighttime temperature of 15-18 °C, relative humidity of 60-70%,
and a light intensity of 400-500 umol m™2 s™!. The experiment was arranged as a factorial design
based on a completely randomized design (CRD) with four replications. The first factor was water
deficit at three levels (80%, 50%, and 20% of available water content (AWC)), and the second
factor was foliar application of ZnO-NPs at four concentrations (0, 50, 100, and 200 uM). Hybrid
F1 seeds of periwinkle were sown in pots containing a soil mixture composed of field soil, well-
rotted manure, and sand. Water-deficit treatments were imposed and maintained until flowering. At
the flowering stage, morphological traits (plant height, stem diameter, leaf area, number of nodes,
number of leaves, number of lateral branches, root length and volume, and fresh and dry weights
of shoots, leaves, flowers, and roots), gas-exchange parameters (photosynthetic rate, transpiration
rate, intercellular CO: concentration, stomatal and mesophyll conductance, and photosynthetic
water-use efficiency), as well as physiological and biochemical indices (RWC, EL, MDA content,
photosynthetic pigments, proline content, and activities of antioxidant enzymes, including CAT,

POD, and APX) were measured.

Results and Discussion

The results indicated that water-deficit stress had a significant impact on both morpho-physiological
and biochemical traits. Water deficit reduced plant height, leaf area, RWC, photosynthetic pigment
concentration, fresh and dry biomass, and gas-exchange parameters, while increasing EL, MDA
content, proline accumulation, and the activities of antioxidant enzymes such as CAT, POD, and
APX. Foliar application of ZnO-NPs significantly enhanced antioxidant enzyme activities, RWC,
photosynthetic pigment concentration, and gas exchange, thereby improving plant tolerance
to drought stress. Moreover, the fresh and dry weights of leaves, stems, roots, and flowers were
significantly increased by ZnO-NP treatments. Among the tested concentrations, 50 and 100 uM
ZnO-NPs were the most effective in alleviating the adverse effects of water-deficit stress and
enhancing plant growth performance.

Drought stress during the early growth stages was particularly critical, as it inhibited cell division
and elongation, ultimately leading to biomass reduction. This inhibition was mainly attributed

to decreased water uptake by roots, reduced synthesis of plant hormones, and disruption of
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photosynthetic processes. Application of Zn enhanced indole-3-acetic acid (IAA) production and
regulated enzymatic activities, contributing to improved cell division and growth. Furthermore, Zn,
as a cofactor of RNA polymerase, plays a vital role in protein biosynthesis and is required for normal

protein metabolism, thereby stabilizing the structural integrity of RNA, DNA, and ribosomes.

Conclusion

Water-deficit stress negatively affected the vegetative and reproductive traits of C. roseus by
reducing water uptake and impairing gas-exchange processes. However, foliar application of ZnO-
NPs mitigated these adverse effects by enhancing both enzymatic and non-enzymatic antioxidant
defense systems, regulating stomatal behavior, and preventing the degradation of photosynthetic
pigments. As a result, plant growth parameters were significantly improved under drought-stress
conditions. Overall, the application of 50—100 uM ZnO-NPs proved to be the most effective strategy
for alleviating the detrimental effects of water-deficit stress and improving growth and physiological

performance in periwinkle.
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Table 1. Variance analysis (ANOVA) of the effects of the zinc oxide nanoparticles on the
morphophysiological traits of periwinkle under water deficit stress
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Table 1 (cont). Variance analysis (ANOVA) of the effects of the zinc oxide nanoparticles on the

morphophysiological traits of periwinkle under water deficit stress
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**ps, * and: indicating non-significant difference, and significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table 2. Comparison of the average effects of the zinc oxide nanoparticles on the morpho-physiological

characteristics of periwinkle flowers under water deficit stress
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Table 3. Comparison of the average effects of the zinc oxide nanoparticles on the leaf, flower, and root

characteristics of periwinkle under water deficit stress.
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Table 4. Comparison of the average separate effects of the water deficit stress and zinc oxide nanoparticles

on the physiological and biochemical characteristics of periwinkle
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Table 5. Variance analysis (ANOVA) of the effects of the zinc oxide nanoparticles on gas-exchange

parameters of periwinkle under water deficit stress
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**ps, * and: indicating non-significant difference, and significant differences at the 0.05 and 0.01 probability levels, respectively.
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Table 6. Comparison of the average effects of the zinc oxide nanoparticles on the gaseous exchange of

periwinkle under water deficit stress
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