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ABSTRACT

Iron is an essential element in plant nutrition, playing a vital role in enhancing growth and productivity.
Although alkaline soils may contain sufficient quantities of iron, its availability to plants is limited due to
high soil pH, primarily caused by elevated levels of calcium carbonate. This condition leads to iron
fixation and the manifestation of deficiency symptoms in plants. Traditional iron fertilizers have been used
to address this issue; however, they often fail to deliver the desired improvements in soil fertility. In recent
years, nano-fertilizers have emerged as a promising alternative for improving nutrient absorption and
enhancing soil fertility. This study aimed to evaluate the effect of nano-iron fertilizer, extracted from
lemon fruits, in comparison to commercial iron fertilizer on selected soil properties and carrot (Daucus
carota L. var. sativa) growth. It also examined the influence of varying nano-fertilizer concentrations on
soil nutrient content and chemical characteristics. The experiment was conducted in a greenhouse at the
College of Agriculture, Food, and Environment, Sana'a University, during the autumn season of 2022—
2023. A completely randomized block design (RCBD) with three replicates was used. Nano-iron was
applied at four concentrations (0.5, 1.0, 1.5, and 2.0 mg/L) via soil application and compared with
commercial iron at 1.5 g/L, along with a control treatment (no iron added). Results indicated that the
nano-iron fertilizer outperformed the commercial fertilizer in most of the measured parameters. The 2.0
mg/L nano-iron treatment yielded the highest values for total nitrogen (0.21%), available potassium
(103.07 ppm), and manganese concentration (81.23 ppm), while reducing electrical conductivity (0.42
dS/m). It also led to improved plant height (19.28 cm), chlorophyll content (1.31 mg/g fresh weight), and
vegetative dry weight (4.98 g/plant). Additionally, the 1.0 mg/L nano-iron treatment significantly
increased available phosphorus (7.30 ppm) and reduced soil pH to 7.63. These findings demonstrate that
nano-iron fertilizer derived from lemon fruits enhances soil fertility and nutrient availability more
effectively than commercial iron, contributing to better carrot growth. Therefore, nano-fertilizers present a
sustainable and efficient alternative for boosting crop productivity.
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