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Introduction

Salinity stress, characterized by reduciwater abso
sodium, chlorine, and boron), and the gengration o
stress in plants, severely impacting their gro
tolerance to salinity stress, elicitors are emp

erformance. To enhance plant
nd viable solution to mitigate
SSential element for numerous
enzymes involved in photoSypthesis and kespirationprocesses, plays a crucial role in sustaining
natural plant growth _and@hme i i function as cofactors in enzymes like
superoxide dismutase(Cu/Z and po oxidase, contributing to the removal of

reactive oxygeriSpegies.

use not only mitigates the negative consequences of excessive
reduces the frequency of application. The Persian leek (Allium
sicum) is a valuable edible-medicinal plant native to Iran, belonging
family. It holds significance in Iran as a key leafy vegetable, valued for
rocessing potential among horticultural plants. Given the nutritional
and medicinal importafice of Persian leek and the prevalence of salinity stress, this study aims
to explore the impa copper nanoparticle spray in modifying the effects of salinity stress on

the morphophysiological and biochemical characteristics of Persian leek.

to the Amaryllidace
its freshness and hig

Materials and methods

A factorial experiment was conducted using a completely randomized design with three
replications in the research greenhouses of Lorestan University's Faculty of Agriculture. The
experimental conditions included daytime temperatures ranging from 20 to 28 °C, nighttime
temperatures from 15 to 20 °C, relative humidity set at 60-70%, and a light intensity of 400-
500 umol m2st. The first factor involved foliar spraying of copper nanoparticles at control
levels (zero), 150, and 300 mg/liter, while the second factor comprised salinity stress at control
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levels (zero), 50, 100, and 150 mM sodium chloride. F1 seeds were obtained from Pakan Bazr
Company and planted in 1.5-liter pots, with each pot containing three plants. The copper
nanoparticles were applied through foliar spraying twice on the shoot parts at the four-leaf and
six-leaf stages. Salinity stress was introduced one week after the foliar application,
implemented through irrigation once every three days at a level corresponding to 90% of the
field capacity. The soil mixture comprised an equal ratio of agricultural soil, cow manure, and
sand, maintaining a clay-sand loam texture. Following three months of applying salt stress, a
comprehensive assessment of morphophysiological characteristics was carried out. This
included the measurement of plant height, stem and bulb diameter, leaf count, fresh and dry
weights of stem, root leaf, root volume and length, shoot/root ratio, matter (%), stress
tolerance index, relative water content (RWC), electrolyte leakage, malondialdehyde content,
photosynthetic pigments, chlorophyll stability index, as well as the activity of pegoxidase and
ascorbate peroxidase.

Results and Discussion .
The results indicated that salinity stress had a detrimental imp aspects of plant
growth, including a decrease in plant height, stem and bulb @i mber, and the fresh
and dry weights of the stem, bulb, and root. Additionally, t uction in root volume

electrolyte leakage, malondialdehyde 6@ ivity of antioxidant enzymes, namely
peroxidase and ascorbate peroxidase, als i
stress on plant development. The decline in pla
including diminished cell division, ionic im

n be attributed to multiple factors,
r absorption, impaired uptake
, partiglilar ﬁodium and chlorine. Other
eneration, and metabolism of nitrogen and
protein, as well as stomafahclo ing in reduced photosynthetic efficiency.
Salinity stress furthergd€ads to r potential and an increase in the osmotic
pressure of the SBiSalutiornyConsequ tly, the plant requires more energy to absorb water from

copper nano
components, i
weights of the
the use of copper n
and malondialdehyde

ncentrations demonstrated positive effects on various growth
height, stem and bulb diameter, leaf count, and the fresh and dry
, and root, as well as increased root volume and length. Additionally,
particles resulted in a decrease in the percentage of electrolyte leakage
ntent, coupled with an increase in the concentration of photosynthetic
pigments and the aclivity of antioxidant enzymes, including peroxidase and ascorbate
peroxidase. Notabl e concentration of 150 mg/liter exhibited a more pronounced effect in
enhancing plant growth, with a diminishing impact observed at higher concentrations. Copper

\nanoparticles improve plant growth under stress conditions by influencing the content of
cellular antioxidants and modulating the hormonal balance of plant tissues.

Conclusion

The findings of this study indicated that increased salinity stress led to higher electrolyte
leakage and malondialdehyde content, along with a reduction in RWC and photosynthetic
pigments. These changes caused a decline in the morpho-physiological characteristics of
Persian leek. However, salinity stress also increased the activity of peroxidase and ascorbate
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peroxidase enzymes. Foliar application of copper nanoparticles under these conditions had
beneficial effects on the plants. Specifically, at a concentration of 150 mg/liter, the negative
effects of salinity stress on the morpho-physiological indices of Persian leek were alleviated.
This improvement was due to an increase in the activity of antioxidant enzymes, RWC, and
the concentration of photosynthetic pigments.
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Table 1) Analysis of variance (ANOVA) of the effect of copper nanoparticles on growth characteristics of Persian leek under salinity stress
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Table 3) Effect of copper nanoparticles on growth characteristics of Persian leek under salinity stress
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Table 5) Effect of copper nanoparticles on the morphophysiological characteristics of Persian leek
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