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Efficiency in Paddy Fields
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Abstract

Rice (Oryza sativa L.) is one of the most important staple crops in Iran and worldwide, yet its sustainable
production is constrained by the low efficiency of chemical fertilizer use. This study was conducted to evaluate
the effects of organic growth stimulants, including humic acid, fulvic acid, amino acids, seaweed extract, and
the bacterium Azotobacter, on improving fertilizer use efficiency in rice under field conditions over two
growing seasons. The experiment was arranged in a randomized complete block design with treatments
consisting of soil application and foliar spraying of stimulants at two fertilizer levels: 100% and 75% of the
recommended chemical fertilizer rate. The results showed that treatments containing humic acid (soil and foliar
application) and Azotobacter achieved the highest grain yield compared with the control. Reducing chemical
fertilizer use to 75% in combination with these stimulants not only prevented yield reduction but, in some cases,
resulted in higher yields than the full fertilizer rate. Moreover, nutrient use efficiency (NUE) for N, P, and K
was markedly improved, indicating more effective utilization of nutrients by the plants. Economic analysis
further revealed that humic acid and Azotobacter treatments had the highest benefit-to-cost ratios and were more
cost-effective than the full chemical fertilizer application. Overall, the findings highlight that applying 75% of
the recommended chemical fertilizer combined with growth stimulants, particularly humic acid and
Azotobacter, can serve as a sustainable strategy to enhance fertilizer efficiency and economic rice production.

Keywords: Rice, grain yield, efficiency, growth stimulants.
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