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            Abstract
Improvements in nitrogen use efficiency in crop production are critical for addressing the triple challenges of food security, environmental degradation and climate change. Such improvements are conditional not only on technological innovation, but also on socio-economic factors that are at present poorly understood. Here we examine historical patterns of agricultural nitrogen-use efficiency and find a broad range of national approaches to agricultural development and related pollution. We analyse examples of nitrogen use and propose targets, by geographic region and crop type, to meet the 2050 global food demand projected by the Food and Agriculture Organization while also meeting the Sustainable Development Goals pertaining to agriculture recently adopted by the United Nations General Assembly. Furthermore, we discuss socio-economic policies and technological innovations that may help achieve them.
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                    Figure 1: An illustration of the N budget in crop production and resulting N species released to the environment.[image: ]


Figure 2: An idealized EKC for Nsur and the related curve for NUE.[image: ]


Figure 3: Examples of historical trends of the relationship between GDP per capita and Nsur.[image: ]


Figure 4: A comparison of historical trends.[image: ]


Figure 5: Historical trends of Nyield, NUE and Nsur, for a sample of countries examined in this study.[image: ]
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