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A high-throughput screening platform for the discovery of biological nitrification 
inhibitors in plant germplasm  
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Excessive nitrogen fertilization disrupts the global nitrogen cycle, causing nitrate leaching and nitrous 
oxide emissions. Biological nitrification inhibitors (BNIs) offer an environmentally friendly alternative to 
synthetic nitrification inhibitors (SNIs) for controlling soil nitrification and reducing nitrogen losses, yet 
their discovery remains limited, particularly across large plant germplasm collections. Here, we present 
a novel high-throughput screening platform for BNI discovery, utilizing a diverse set of soil-relevant 
ammonia-oxidizing bacteria (AOB) and archaea (AOA) strains, including Nitrosospira multiformis, 
Nitrosomonas ureae, Nitrosomonas communis, Nitrososphaera viennensis, and Ca. Nitrosocosmicus 
franklandianus. These ecophysiologically and phylogenetically diverse strains were specifically selected 
to closely represent natural nitrification processes, providing a realistic environment for evaluating BNI 
activity in plant root exudates. We applied this system to screen root exudates from 44 diverse wheat 
genotypes from India and Austria, revealing significant variation in BNI activity. Distinct inhibition profiles 
among the genotypes highlighted the capacity of the platform for rapid and sensitive BNI assessment. 
An advanced machine-learning approach further identified key metabolites associated with strong BNI 
activity, offering insights into the molecular drivers of nitrification inhibition. Validated with established 
SNIs and BNIs, this high-throughput platform provides a critical tool for screening large germplasm 
collections, accelerating the identification of BNI-producing plant genotypes. Its integration into the 
design and development of modern breeding programs holds promise for enhancing nitrogen use efficiency 
and mitigating the environmental impact of nitrogen fertilizers, advancing sustainable nitrogen 
management in agriculture.  


