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Background: Nanotechnology has emerged as a suitable approach for developing novel agrochemicals with multifunctional roles in plant protection and growth promotion. Among them, Zinc oxide nanoparticles (ZnO NPs) produced by green synthesis are recognized for their antimicrobial activity, biocompatibility and potential as micronutrient based biofertilizers. The aim of this study was to synthesize and characterize ZnO NPs using a green approach and to evaluate their antifungal, biostimulant and biofertilizer effect on faba bean.   
Materials/Methods ZnO NPs were synthesized through a green method using four bacterial strains as reducing and stabilizing agents. They were characterized by FTIR, XRD and SEM analyses to determine their sizes, morphology and structure. The antifungal activity was assessed in vitro against botrytis sp. using agar well diffusion and minimum inhibitory concentration assays. The biostimulant and biofertilizer potential of ZnO-NPs were evaluated on faba bean through seed priming and foliar application, measuring growth parameters, chlorophyll content, chlorophyll fluorescence and antioxidant enzyme activities. 
Results. The FTIR peaks observed between 400-600cm-1 confirm the synthesis of ZnO-NPs. the  XRD spectrum further revealed the presence of organic functional groups, probably originating from bacterial molecules such as proteins, amino acids and polysaccharides, with characteristic peaks around 1000 and 1200 cm-1 and between 3000 and 3350 cm-1. These peaks are consistent with the crystalline planes, thereby confirming the successful formation of ZnO. In addition, SEM analysis provided further evidence supporting the identification of the synthesized structures as zinc oxide nanoparticles. The biosynthesized nanoparticle synthesized from bacteria exhibited a differential antifungal activity among the four ZnO-NPs at 250ppm. NP1 and NP3 promoted biomass and length parameters at 100ppm, while NP2 showed this effect at 250 ppm. In contrast, growth parameters were inhibited at 1000ppm. These results are positively correlated with chlorophyll content, chlorophyll fluorescence parameters (Fv’/Fm’ and SPAD values), protein contents and antioxidant enzyme activities (CAT, GPOX, SOD). 
Conclusion: Green synthesized ZnO-NPs demonstrate promising multifunctional roles as effective antifungal agents and biofertilizers with growth promoting effects in faba bean. These findings highlight their potential as sustainable alternatives to chemical fungicides and fertilizers in crop management. (Time New Roman, 12, justifier)


