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Abstract 

The theme of sustainable plant nutrition is important to the sustainable management of 
nitrogen. The crop nutrition industry has played a large role in enhancing the earth’s capacity 
to support human life. Since 1960, the global population has more than doubled and yet the 
average person today is better nourished, owing largely to crop yield increases supported by a 
sixfold increase in fertilizer use. Among the crop nutrients, nitrogen plays the largest role. 
Sustainable outcomes can be attained implementing the principles of 4R Nutrient Stewardship 
to improve nitrogen use efficiency and reduce the nitrogen losses of highest priority. 

 

1. Nitrogen use efficiency and nitrogen losses 

Sustainable plant nutrition involves both increased use 
efficiency and reduced losses. Gains in nitrogen use 
efficiency have resulted from the collective works of those 
involved in crop genetic improvement, crop protection, 
precision agriculture, equipment for nutrient application, and 
education of farmers and their advisers, along with better 
fertilizer products and decision support services.  

Increased nutrient use efficiency helps reduce nutrient 
losses, but it is not always enough. In some instances, small 
losses of specific nutrient forms hit the environment hard. 
Nitrous oxide losses, for example, comprise only a few 
percent of the nitrogen applied, yet form a large part of its 
carbon footprint. A “right source” solution—a nitrification 
inhibitor—could cut that loss by at least a third, even though 
it often improves nutrient use efficiency by too little to 
convince the farmer to adopt for cost savings. Economics can 
drive improvements in nitogen use efficiency, but more 
incentives may be needed to mitigate some of the important 
nitrogen losses.  

2. 4R nutrient stewardship 

Source, rate, time and place decisions, however, can 
directly impact nutrient losses as well as nitrogen use 
efficiency. The definition of “right” for these choices 
considers economic, environmental and social impacts, and 
applies to decision makers at all levels, from farm to regional 
to policy (Figure 1). The engagement of agri-retailers, 

farmers’ advisers, extension workers and research scientists 
in participatory adaptive management is important, as is peer 
and community recognition for “doing the right thing.” 

 
 

 
Fig. 1: Transitions in 4R practices at the farm level depend 

on support enabled by higher levels (adapted from 
Bruulsema et al., 2019). 

 
Within the 4R Nutrient Stewardship framework, decisions 

on nutrient applications are guided by anticipated and 
monitored outcomes. At the farm level, the measurable 
outcomes include productivity, soil health and nutrient use 
efficiency. But outcomes impacting bigger picture issues—
including water quality, air quality, greenhouse gases, 
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biodiversity, and food security—also need to be considered. 
Input from the stakeholders of the whole nutrient value 
chain—to prioritize research and innovation toward these 
outcomes—is being sought at a High-Level Forum on 
Sustainable Plant Nutrition in November 2019 (IFA, 2019).  
The Forum is intended to launch recommendations and 
announcements on concrete initiatives and partnerships to 
speed up progress on sustainable plant nutrition.  Insights 
from this Forum will be shared in this presentation. 
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