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Soil salinity is a major agricultural challenge that limits plant growth
and productivity. This study evaluated the physiological and
biochemical responses of pinto bean plants to the application of green-
synthesized copper nanoparticles (with Aloe vera extract) under salinity
stress conditions. The experiment was conducted as a factorial design
based on a completely randomized design with four salinity levels (0,
40, 80, 120 mM sodium chloride) and four concentrations of copper
nanoparticles (0, 20, 60, 150 mg/L) in three replicates. Results showed
that salinity stress reduced chlorophyll a, b, total chlorophyll, and
carotenoid contents significantly(P<0.05). The activity of catalase and
peroxidase antioxidant enzymes increased at low salinity but decreased
at 120 mM. Applying copper nanoparticles (CuNP), particularly at 150
mg/L under 120 mM salinity, significantly enhanced chlorophyll a,
carotenoids, and catalase activity, while reducing chlorophyll b and
peroxidase activity. This interaction highlights the potential of green
copper nanoparticles to mitigate the adverse effects of salinity. The
CuNP size (30-35 nm) and uniform distribution were confirmed using
scanning electron microscopy and DLS analysis. These findings
suggest green copper nanoparticles as a novel approach to improve
pinto bean tolerance to salinity. However, effects are concentration-
dependent and require further field studies and environmental impact
assessments.
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