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Abstract

This study was conducted during the 2022-2023 agricultural year in Gamboueh, Hamidieh County,
to evaluate the effects of foliar application of zinc and iron nanoparticles and organic fertilizers on
physiological indices and wheat yield. The experiment was designed as a factorial in a randomized
complete block design with three replications. Treatments included organic fertilizers (five levels):
control (no organic fertilizer), bagasse biochar (5 t/ha), vermicompost (5 t/ha), humic acid (at stem
elongation and flowering stages), seaweed extract (at stem elongation and flowering stages), and
nanoparticles (four levels): control (no nanoparticles), zinc nanoparticles (2 per thousand), iron
nanoparticles (2 per thousand), and iron + zinc nanoparticles (2 per thousand). Grain yield in the
control was 3336 kg/ha, showing no significant difference with seaweed extract (3382 kg/ha, 1.38%
increase), but significantly lower than vermicompost (4560 kg/ha, 36.69% increase) and humic acid
(4637 kg/ha, 38.97% increase). Application of zinc nanoparticles (4038 kg/ha, 11.24% increase), iron
nanoparticles (4056 kg/ha, 11.74% increase), and iron + zinc nanoparticles (4289 kg/ha, 18.15%
increase) significantly increased grain yield compared to the control (3630 kg/ha). The highest leaf area
index was observed in vermicompost (4.98) and humic acid (5.13) treatments, with iron + zinc foliar
application increasing it to 5.04. The highest chlorophyll a content was recorded in vermicompost (1.35
mg/g fresh weight) and humic acid (1.38 mg/g fresh weight) treatments, with iron + zinc (1.37 mg/g
fresh weight) and iron (1.34 mg/g fresh weight) showing significant superiority. The highest
chlorophyll b content was observed in iron + zinc (0.88 mg/g fresh weight) and iron under humic acid
application (0.90 mg/g fresh weight). Grain zinc content was highest in vermicompost (32.5 mg/kg) and
humic acid (34.5 mg/kg) treatments, with zinc nanoparticles (32.4 mg/kg) and iron + zinc (32.2 mg/kg)
showing significant increases. The highest grain iron content was recorded in humic acid (87.5 mg/kg)
and vermicompost (89.8 mg/kg) treatments, with iron + zinc (89.2 mg/kg) and iron nanopatrticles (82.2
mg/kg) performing better. Overall, vermicompost, humic acid, and foliar application of iron and zinc

nanoparticles improved growth indices, chlorophyll content, and grain nutrient levels.

Key Words: Grain Yeild, Micronutrients and Vermicompost.
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