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Abstract

Tracing the fate of urea in the soil-plant system using *°N isotope and assessing gaseous losses
Rayehe Mirkhani *2*, Mehdi Shorafa !, Mahsa Jabari 3, Behnam Naserian Khiabani 2, Gerd Dercon 4, Christoph
Miiller 5
! Department of Soil Science Engineering, University of Tehran, Iran
Z Nuclear Science and Technology Research Institute (NSTRI), Iran
3 Ministry of Energy, Water Research Institute, Environment Department, Iran
4 Soil and Water Management and Crop Nutrition Laboratory, Joint FAO/IAEA Centre of Nuclear Techniques
in Food and Agriculture, Seibersdorf, Austria
5 Liebig Centre for Agroecology and Climate Impact Research, Justus Liebig University, Giessen, Germany
*Corresponding author: rmirkhani@aeoi.org.ir/rayehemir@gmail.com

Effective nitrogen management is essential to balance food production with environmental sustainability. In
this study, '°N isotopic tracing was employed to quantify the nitrogen in the plant derived from °N labeled
fertilizer in irrigated wheat grown on calcareous soil, and to evaluate the effects of urea applied alone or in
combination with a nitrification inhibitor and a plant growth hormone. The combined treatment increased grain
and straw yields by 15% and 7%, respectively. %Ndff was 31% under urea, declining to 26% under the
combined treatment, with approximately 19 and 13 kg N ha™! of fertilizer-derived nitrogen retained in the soil,
respectively. Nitrogen use efficiency (NUE) estimated using the difference method improved by 23% under the
combined treatment, whereas NUE based on %Ndff decreased by 8%. Ammonia volatilization accounted for
~27% of applied N under urea and ~33% under the combined treatment, while nitrous oxide emissions remained
below 0.5% across treatments. Recommendations such as the use of inhibitors or hormones are justified only
when aligned with soil and climatic conditions, explicitly targeting yield improvement and NUE enhancement,
and supported by advanced techniques and comprehensive evaluation.

Keywords: Calcareous soil; Nitrogen in the plant derived from >N labeled fertilizer (%Ndff); Irrigated wheat;
Nitrification inhibitor; Plant growth hormone



