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Colleagues in soil science and agronomy, I would like to thank you for the invitation and opportunity to address you on the topic of increasing nutrient use efficiency in farming systems.




Formed in 2007 
from the Potash & 
Phosphate 
Institute, the 
International Plant 
Nutrition Institute 
is supported by 
leading fertilizer 
manufacturers.  
 
Its mission is to 
promote scientific 
information on 
responsible 
management of 
plant nutrition. 

Presenter
Presentation Notes
I work for the International Plant Nutrition Institute, which is supported by producers of plant nutrients. Its mission is to promote scientific information on responsible management of plant nutrition.



Outline 

1. Performance metrics for sustainability initiatives 
2. Forms of nutrient use efficiency 
3. Environmental impact 

 
“Nutrient use efficiency is a useful, complex, and  
incomplete indicator of crop nutrition performance” 

 
Slides: available at http://nane.ipni.net 
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T.W. Bruulsema and R.M. Norton
Nutrient use efficiency is directly and indirectly implicated in numerous performance metrics currently being proposed for global sustainability initiatives. These initiatives include the contributions of several United Nations agencies toward proposed Sustainability Development Goals, and those of the private sector corporations that form the food supply chain. The complete assessment of performance for the management of crop nutrition encompasses a wide range of social, economic and environmental indicators. The International Plant Nutrition Institute has worked closely with stakeholders to develop a range of nutrient performance indicators that reflect the diversity of impacts that come from nutrient best management practice. This paper aims to explain and provide support for the use of specific forms of nutrient use efficiency in the context of other indicators relevant to the enabling, monitoring, and impact assessment of best practices in nutrient stewardship.
The use of fertilizers is fundamental to feeding the global population, with around half of current food production made possible by balanced crop nutrient input. At the same time, there are parts of the world where fertilizers are under-used so that food security is threatened, or where they are overused to the point of contributing to environmental pollution. Selecting the most appropriate form of system nutrient use efficiency can be a helpful tool in prioritizing areas for improvement, for some but not all environmental impacts associated with nutrient management. Nutrient use efficiency emphasizes rate, but 4R Nutrient Stewardship includes considerations of source of nutrients, timing and place of application as well, since these can be crucial to managing several large-impact nutrient loss processes. 
Selecting the most appropriate performance measure requires a detailed understanding of the processes involved in acquisition, residence time, allocation, remobilization and losses within plants. The acquisition or uptake efficiency and then remobilization or utilization efficiencies are important to plant breeders as they look for traits that can be used in selecting more efficient genotypes. Responses can be expressed as agronomic efficiencies or apparent recovery efficiencies, but both require a nil fertilizer application treatment to estimate the extra yield in response to added nutrient. Of a wide range of potential methods to assess nutrient use efficiency, partial nutrient balance (PNB; nutrient removal to use ratio) and partial factor productivity (PFP; crop yield per unit of nutrient applied) offer the benefits of being readily assessed at a range of scales including fields, farms, regions or nations. To fully represent the contribution of crop nutrition to sustainable production, however, any metric of nutrient use efficiency requires complementary metrics to reflect crop productivity and soil fertility. Nutrient use efficiency is a useful, complex, and incomplete metric of crop nutrition performance. 




• IFA Nutrient Stewardship 
Working Group 

• TFI Sustainability Task Force 
• CFI Nutrients Committee 

Presenter
Presentation Notes
When I say “we” as an industry I’m referring mainly to three groups with whom IPNI is working: IFA, the International Fertilizer Industry Association, TFI the Fertilizer Institute based in Washington DC, and CFI the Canadian Fertilizer Institute. To engage the UN SDGs and the food industry, we collaborate to produce an IFA document titled “Addressing Nutrient Management Performance” last June. 

IPNI also produced a similar document this past summer, dealing more specifically with farm scale assessments. It reiterates most of the points of the IFA document, with more emphasis on nutrient interactions and relevance to environmental fate.

Why do we need indicators? To guide managers and provide accountability. To effect practice change, and system improvement. For these to happen the indicators need to be relevance and credible. 



4R: “right” means sustainable 

“Building public trust” 

Presenter
Presentation Notes
The industry has adopted 4R Nutrient Stewardship as its framework for addressing sustainability. Essentially, moving cropping systems toward sustainability requires the application of the right source of nutrients at the right rate at the right time and in the right place. Impacts on both productivity and the environment depend on more than rate alone. We recognize multiple impacts within each of the three pillars of sustainability – many performance metrics influenced by crop nutrition management can be defined within each. We are engaging the food supply chain in its sustainability initiatives, because they are recognizing the role crop nutrition plays in the ecological footprint of the food products sold at the retail level. Walmart is an example, having singled out fertilizer as a large part of its greenhouse gas footprint. The driving force behind these initiatives is recognition of the need to build public trust. 



UN Sustainable Development Goals 2015-2030 

• Building on the 8 Millennium Development Goals  
• Open Working Group proposal July 2014 – 17 goals 
• Refers to nutrient [pollution in marine environment] 
• “At most, only a very few (1-3) indicators specific to 

fertilizer are likely to be adopted by the UN…” 
• SDSN goals and indicators – more specifically 

addressing nutrients and NUE 
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Much of our industry discussions on nutrient use efficiency revolve around its use as a sustainability indicator. The context includes global collaborative activities with the United Nations towards development of Sustainability Development Goals to replace the eight Millennium Development Goals set to expire next year. A proposal released by the UN’s Open Working Group this July contained seventeen goals, with only one direct reference to nutrients, in the context of nutrient pollution of the marine environment. Owing to the importance of nutrients to attainment of food and nutrition security goals, our industry sees value in establishing more specific goals for crop nutrients, while recognizing that the number of metrics that can be incorporated into this global agenda is very few. So the metrics need to be well chosen. Our industry has been working with the Sustainable Development Solutions Network to develop goals and indicators more specifically addressing nutrients and nutrient use efficiency. The metrics serve two important roles. They provide directions for management to stay on course, and they provide the basis of accountability for reporting to stakeholders.



SDSN suggested indicators, 
revised 25 November 2014  

Goal 2. End hunger, achieve food security and improved nutrition, and 
promote sustainable agriculture. 

Indicator 
# 
10 Crop yield gap (actual yield as % of attainable yield)   

 
12 [Crop nitrogen use efficiency (%)] – to be developed   

 
13 [Excessive loss of reactive nitrogen [and phosphorus] to the 

environment (kg/ha)] - to be developed   
15 Annual change in degraded or desertified arable land (% or ha) 

[soil health?] 

http://unsdsn.org/resources/publications/indicators/ 
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SDSN is a large collaboration of stakeholders and scientists. We recognize the need to balance benefits and detriments; economic, social and environmental impacts. Partly owing to industry input, the indicators its latest report suggests include some recognition of productivity and soil fertility. 



Eight key considerations for Nutrient Use 
Efficiency (NUE) as a performance metric 

1. One of a complement (NUE + Yield + Soil Fertility) 
2. Form - Partial Nutrient Balance (output/input ratio) 
3. Data - availability and timeliness of reporting 
4. Trend - past, present, future 
5. Nutrient - N, P, others 
6. Optimum - neither too high nor too low 
7. Interpretation in site-specific context 
8. Targets - set regionally, not globally 

IFA, June 2014 
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Eight key points we agreed to as principles in that IFA document include: 
Nutrient use efficiency as a metric needs to be complemented with metrics reflecting the benefit of nutrient management to crop yield and soil health (most specifically, the soil’s fertility).
We prefer a partial nutrient balance or output/input ration since it can be calculated from production data and is scalable from field to farm to region to national levels.
There is concern with data availability and timeliness of reporting.
Trends, not just snapshots, are important.
All nutrients, not just the hot ones, need to be considered.
Nutrient use efficiency has an optimum; it should be neither too high nor too low.
The interpretation of NUE is site-specific – optimum levels depend on soil fertility status.
Targets for NUE improvement should be set regionally, not globally.



Nutrient Stewardship Metrics for 
Sustainable Crop Nutrition 

Enablers 
(process metrics) 

Actions 
(adoption metrics) 

Outcomes 
(impact metrics) 

• Extension & 
professionals 

• Infrastructure 

• Research & 
innovation 

• Stakeholder 
engagement 

[Require regional 
definition of 4R] 

• Cropland area under 
4R (at various levels) 

• Participation in 
programs 

• Equity of adoption 
(gender, scale, etc.) 

• Food & nutrition 
security 

• Productivity 

• Nutrient use 
efficiency 

• Land quality,  
soil health 

• Air & water quality 

• Economic value 

• Land conservation, 
natural habitat 
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The crop nutrition industry has been talking internally about performance metrics for quite some time. Years. Currently efforts are being made to classify these metrics. This diagram, still a work in progress, gives some flavor of the discussions. Since the industry is engaged in supporting extension and professionals, in providing infrastructure, in supporting research and innovation, and in stakeholder engagement with farmers, public, environmental organizations and government agencies, the industry would like recognition of their efforts to these areas that enable improvement of the management of crop nutrition.

Similarly, it is recognized that to demonstrate immediate progress, metrics reflecting actions, or the adoption of new practices, are important. Such metrics need to be supported by regional definitions based on sound agronomic science. They can include the area of cropland under various levels of 4R combinations – basic, intermediate, advanced – as recognized by regional experts in crop nutrition management practices.

The most important metrics – outcomes – are most difficult to measure or to relate directly to the management of crop nutrition. The three core indicators are shown in red. Additionally, important areas of impact include food and nutrition security, air and water quality, economic value, and land sparing for nature. These areas will require the application of science-based models in order to properly attribute the impact of crop nutrition on measured trends, since all are affected by additional factors as well. For example, eutrophication of water bodies typically arises from non-agricultural sources as well as agricultural. 



Fowler et al. 2013. The global nitrogen cycle in the twenty-
first century. Phil. Trans. R. Soc. B 368: 20130164. 

Many efficiencies. Many pathways. 

N 
cycle, 
EU-27 

Presenter
Presentation Notes
The complexity of the global N cycle leads one to recognize that many potential efficiencies can be calculated, and for each efficiency, there are many potential pathways of further cycling. 
Furthermore, only one or a few of the pathways are truly global in the scope of impact – clearly, nitrous oxide emission falls in that category, and perhaps ammonia deposition, but many others, including nitrate leaching, ammonia emission, arise from local emissions and cause local impacts. Therefore the concept of a planetary boundary is limited in its applicability, and exclusive focus on simply reducing the size and scope of N cycling in general is not as likely to yield benefits as compared to a stewardship approach paying attention not only to the amount applied but also to the manner in which it is applied. 
Since the global cycle comprises many pathways, many efficiencies could potentially be calculated, so their definition needs attention. 

*************************************************
Figure 4. The nitrogen cycle within the EU-27 showing natural fluxes (Tg N) in green, (intentional) anthropogenic fluxes as blue and (unintentional) as orange
adapted from the ENA [69]. The terrestrial component of the cycle is delineated by the dotted ellipse.



Nutrient use efficiency can be defined  
and calculated in many ways 

NUE term Calculated from Typical levels for N 
(maize or wheat) 

PFP Y/F 40-80 

AE (Y-Y0)/F 10-30 

PNB R/F >100% = deficiency 
<100% = surplus 

RE (U-U0)/F 50% (whole-plant) 
33% (grain only) 

Y=yield, F=fertilizer, R=removal, U=uptake 
 
… but always, a ratio of output/input 

Dobermann, 2007 
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The different forms of nutrient use efficiency have different uses. 
Partial factor productivity is useful for evaluating yield of a particular crop in comparison to nutrient input, within a system. Simple to measure, it can be evaluated at a wide range of scales with readily available data. For cereals, typical values range from 40 to 80 units of yield per unit of nitrogen input. Comparing to crops grown for non-carbohydrate components like protein or oil, however, requires some adjustment to a common basis, for example, calorific value.
Agronomic efficiency is similar, but compares the yield response instead of the total yield. Since this requires a check strip, it is usually limited to research situations. 
While both PFP and AE are useful for many crop attributes, they ignore the crop content of the nutrient in question. Since the nutrients applied to crops can often be nutritionally valuable, this is a concern.
The concern can be addressed by using in their place a term with the nutrient in the numerator, like partial nutrient balance or recovery efficiency.
Partial nutrient balance, also known as removal to use ratio, is a crude but useful metric. While its exact target can be a matter of debate, values in excess of 100% indicate eventual deficiency as the soil is depleted or mined by successive crops. Values well below 100% indicate accumulation of surplus.
Recovery efficiency focuses more closely on the crops ability to access and take up nutrients applied. While it can be informative for study of physical and physiological process, it means little in terms of annual system performance. Like agronomic efficiency, it requires unfertilized yields to be low in order for the efficiency to be high, implying high dependency on annual inputs. The environmental impact of residual nutrients varies with the soil’s ability to retain nutrients: for example, residual P remains plant-available in many soils and climates, and in arid and semi-arid environmental like Western Canada, and I imagine parts of Australia, even nitrate can have residual value from one crop to the next.
So, nutrient use efficiency takes on many forms and meanings, but is always a ratio of output to input. 




Based on data from Cassman et al., 2002 

Assessing impact on short term crop uptake and long-term soil 
nutrient supply is critical in evaluation of system efficiency  

Presenter
Presentation Notes
Fertilizers are often questioned on the basis of low efficiency.  Efficiencies report in the literature range from less than 33% to more than 100%.
A recent article in PPI’s Better Crops magazine explains why the estimates differ so much.  The example shown here is based on corn in the US Midwest, where a recent series of experiments measured response efficiency by comparing Nitrogen uptake at several levels of fertilization—on-farm rate response trials similar to what we are discussing today.  
As an average across these experiments, an acre of corn fertilized with an optimum level of 92 pounds took up 34 pounds more than it did without fertilizer.  Considering those numbers, the crop recovered 37 percent of what was added.  But if we look at what was harvested from these sites, 92 pounds were removed in the grain—one hundred percent of what was added in fertilizer.  
So we have two different measures of nutrient use efficiency for this crop: a response efficiency of 37%, and a removal efficiency of 100%.  It’s important to remember that neither of these measures is sufficient to confirm a problem or the lack of a problem.  Our response efficiency of 37% doesn’t mean the remaining 63% serves no purpose.  Our removal efficiency of 100% doesn’t mean there are no losses.  A lot of nitrogen could be released to water or air if the soil N is mineralizing.  Nevertheless, we strive to improve efficiency by both these measures.

[Better Crops 88(4):15-17]
http://www.ppi-ppic.org/ppiweb/bcrops.nsf/$webindex/81A4850CE6E9C87085256F380054252B/$file/04-4p15.pdf



Efficiency versus Productivity 

 
• Nutrient Use Efficiency: 

 output kg/ha        output kg 
   input kg/ha    input kg 
• Independent of per-hectare productivity! 
• Productivity, not NUE, feeds the world 
• Productivity with NUE feeds the world sustainably

   

=  

Presenter
Presentation Notes
One important feature of this output:input ratio is its independence of productivity. Mathematically, both the numerator and the denominator contain per-unit-area terms which cancel. It is productivity, not NUE, that feeds the world, and this important contribution of fertilizer needs to be reflected in its performance metrics. Productivity with NUE feeds the world sustainably.



NUE 
trajectories 
over 48 
years 
 
 
 
↑ yield 
stable PNB 
 

Lassaletta et al., 2014, Environ. Res. Lett. 9 (2014) 105011 (9pp) 

PNB 100% 

PNB 47% 
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Presentation Notes
A very interesting way of combining productivity and nutrient use efficiency is shown in this figure from a recent publication by Lassaletta et al. The color spectrum represents years from 1961 to 2009. the x-axis shows N input, the y-axis, yield in kg of nitrogen harvested per ha per year. The 1:1 line represents a partial nutrient balance of 100%. The line’s trajectory bending ever so slightly towards the 1:1 line indicate simultaneous improvement in yield and NUE for the world as a whole, at least for a time.  This approach can be used to compare different regions and nations of the world.

A couple of interesting features of this analysis. Calculated removal to use ratios declined from 68% in 1961 to about 45% by 1980, but has held constant at 47% for the past 30 years. Considering that the proportion of N input from fertilizer, compared to that from legumes, has increased over the period, this is encouraging news about the trend for more efficient fertilizer use. Considering the level of 47%, however, there remains considerable room for improvement.

Environ. Res. Lett. 9 (2014) 105011 (9pp) doi:10.1088/1748-9326/9/10/105011

50 year trends in nitrogen use efficiency of world cropping systems: the relationship between yield and nitrogen input to cropland
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Contrasting trajectories 

Lassaletta et al., 2014, Environ. Res. Lett. 9 (2014) 105011 (9pp) 
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There are striking contrasts in trajectories among countries. China, for example continues to increase yields, but more slowly over time, and with continually lower NUE. In the Netherlands, however, yield increases continue to be achieved with dramatic increases in NUE, keeping in mind that their starting point was certainly at a very low level of NUE. In the country of Benin, representative of much of subsaharan Africa, as yields and rates of N application increase modestly from very low levels, NUE has increased to the point of nutrient mining from the soil – more is being removed than is being replaced.



Yield gaps for maize, wheat and rice,  year 2000 

Mueller et al., 2012, Nature 490:254-257 
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Presentation Notes
Attainable yields, yield gaps, and yield response to nutrient additions are very difficult to estimate. Here is one recently published result. Large areas globally still produce yields far below what is attainable.

Closing yield gaps through nutrient and water management. 
Nathaniel D. Mueller1, James S. Gerber1, Matt Johnston1, Deepak K. Ray1, Navin Ramankutty2 & Jonathan A. Foley1
doi:10.1038/nature11420




Metrics for productivity, yield gap, and yield gap 
arising from crop nutrition are difficult to measure 

Pasuquin, JM et al. 2014 Field Crops Research 156:219–230 

Maize in Southeast Asia 
Yield Gap, Attainable – Farmer Practice, t/ha 

0.7 0.9 1.1 

Presenter
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Yield gap is hard to measure. These data provide an example for maize in southeast Asia. They summarize detailed work done on 13 sites, some irrigated, some rainfed, favorable and less favorable. The gap between farmer practice and yield attainable through site specific nutrient management was largest in the less favorable rainfed sites. Within the sites, nutrient omission trials revealed the size fo the response to the three major nutrients. For much of the world, data like this is unavailable, but could be of great use to improving, and communicating, the effectiveness and efficiency of nutrient use. 



IPNI Metrics 
• North America: NuGIS & Soil Test Summary 

Presenter
Presentation Notes
IPNI provides data for metrics related to nutrient use efficiency and soil nutrient status. 



Figure 4.1: Inputs of N to US agricultural land, including recoverable manure, legume 
fixation, and commercial fertilizers, as compared to removal by crops (adapted from 
IPNI NuGIS, 2011). [In Robertson et al., 2012, Biogeochemistry] 

Presenter
Presentation Notes
The nitrogen balances in NuGIS are comprised of one output and three inputs. The output is crop removal, the amount of N contained in the material harvested and removed from the land. The inputs include fertilizers (in blue), legume N fixation (in green) and manure applied (in brown).  Legume N fixation is estimated as the N removal of strong N fixers like soybeans and alfalfa (thus the legumes are assumed to be 100% efficient with N, output equaling input). Recoverable manure is the fraction remaining in the manure at the time of application, after losses, and is estimated using methods of Kellogg et al 2000. 

What do you take away from this figure? We would call it a partial N balance. On average, there is a surplus, but removals total to 75 to 80 % of inputs. So by this measure, overall efficiency is higher than that reported by other methods. Why? Several reasons. One is that we average the 100%-efficient legumes with the less efficient cereals, fruits, and vegetables. Second is that we don’t consider what is happening to the large pool of N in the soil. We need other sources of information to determine whether that soil resource is maintaining, gaining, or losing N. Fortunately in many cases, we can demonstrate we are not losing soil organic N. 

The other important facts to take away: agriculture manages a large and increasing flux of N, and the surplus as a proportion of the cycle is declining over time. The units are teragrams (same thing as million metric tonnes). 



NuGIS 
USA 2012, partial P balance, removal/use 

NUE varies spatially 

Presenter
Presentation Notes
The map of removal to use ratios of phosphorus indicates substantial variation among small watersheds of the USA. Red indicates a nutrient deficit (or soil mining), green a nutrient surplus (or soil building).



NuGIS, 2014 

NUE varies temporally – prices and weather 

Presenter
Presentation Notes
Nutrient use efficiency varies year to year as well. The main drivers are price and weather. The peak in efficiency in 2009 was associated with high prices for fertilizers, especially in the case of phosphorus. The decline in 2012 was associated with drought, reducing yield as well as nutrient removal. 



Removal/Fertilizer, N 

New South 
Wales Victoria Queensland  Western 

Australia 
 South 

Australia Tasmania NT Australia 

2.05 2.49 1.08 1.48 2.28 1.25 4.20 1.76 

P 

N 

Australia Nutrient Balances 

Presenter
Presentation Notes
Depending on the region in Australia, and the farming system considered, nutrient balances can vary. The figure represents phosphorus balance. Note the log scale, indicating a range of an order of magnitude among sheep, beef, dairy and cropping systems. Mike Wong credit. 

Rather than differences in processes, these state and spatial differences relates to differences in crops produced.

1.76 means harvest is 76% greater than fertilizer inputs. 



One important 
component of 

soil health 
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One indicator of soil fertility is the soil test status. IPNI surveys and summarizes soil test lab data periodically in North America.



Frequency distribution of soil test P 
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Presentation Notes
Data are summarized by frequency distribution, allowing comparison of results from one survey to the next. Between 2005 and 2010, the soil test P distribution for North America shifted to the left, with the median declining from 31 to 25 ppm. 



Relationship of ∆STP with PNB, 12 corn belt states 

Presenter
Presentation Notes
The change in soil test was correlated to the partial nutrient balance for phosphorus, across the 12 major corn producing states. The fitted line indicates a P balance of about 93% is needed to maintain soil test P.
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I would like to present one regional example of the application of a crop nutrient balance to an issue. In this case the issue is algal blooms in Lake Erie, on an increasing trend for the past 20 years, concomitant with an increasing trend of dissolved phosphorus loadings and concentrations in the tributaries draining croplands into Lake Erie. The phosphorus balance is not in surplus and there is clearly no trend supporting an association with the increasing trend of dissolved P in the rivers. So rate is not the issue. But we ask ourselves, what else could contribute – source, timing, placement?



Placement, not rate, reduces P loss from a single 
immediate runoff event 

Concentration of dissolved and total P in runoff from a clay 
loam soil in North Carolina, from artificial rainfall immediately 
following application of superphosphate fertilizer. Incorporation 
to a depth of 5 inches by rotary tillage following application. 
Data from Tarkalson and Mikkelson (2004). 
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Many runoff studies, however, clearly show the importance of placement in controlling loss of dissolved P from applications of fertilizer or manure. Compare the open circles representing dissolved P, following P applied to the surface versus that incorporated by rotary tillage. When incorporated, rate of application has no impact on P loss. And the amount lost is not large enough to show up in any nutrient use efficiency term.


P fertilizer is soluble P. Leaving it on the soil surface dramatically increases the concentration of dissolved P in any runoff that happens to occur soon after application. As shown in this figure, surface-applied fertilizer resulted in much more dissolved P in runoff than fertilizer incorporated into the soil. Incorporation also minimized levels of total P in runoff when P fertilizer was applied. 
Incorporation can increase loss of total P through increased erosion. Using the minimum disturbance possible to place P into the soil is important for managing loss of both dissolved and total P. Innovative growers are coupling conservation tillage practices such as zone tillage with P placement to keep their cropping systems productive while minimizing nutrient losses.

Tarkalson, D.D. and R.L. Mikkelsen. 2004. J. Environ. Qual. 33:1424–1430.



Summary 

•Global sustainability initiatives demand metrics 
• Nutrient performance is more than NUE; it includes 

productivity and soil health; requires complementary 
metrics 

• Forms of nutrient use efficiency vary – clarify units 
• Source, time and place, as well as rate, impact 

nutrient performance 
• “Nutrient use efficiency is a useful, complex, and  

incomplete indicator of crop nutrition performance” 
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Increasing nutrient use efficiency in farming systems
 
T.W. Bruulsema and R.M. Norton
Nutrient use efficiency is directly and indirectly implicated in numerous performance metrics currently being proposed for global sustainability initiatives. These initiatives include the contributions of several United Nations agencies toward proposed Sustainability Development Goals, and those of the private sector corporations that form the food supply chain. The complete assessment of performance for the management of crop nutrition encompasses a wide range of social, economic and environmental indicators. The International Plant Nutrition Institute has worked closely with stakeholders to develop a range of nutrient performance indicators that reflect the diversity of impacts that come from nutrient best management practice. This paper aims to explain and provide support for the use of specific forms of nutrient use efficiency in the context of other indicators relevant to the enabling, monitoring, and impact assessment of best practices in nutrient stewardship.
The use of fertilizers is fundamental to feeding the global population, with around half of current food production made possible by balanced crop nutrient input. At the same time, there are parts of the world where fertilizers are under-used so that food security is threatened, or where they are overused to the point of contributing to environmental pollution. Selecting the most appropriate form of system nutrient use efficiency can be a helpful tool in prioritizing areas for improvement, for some but not all environmental impacts associated with nutrient management. Nutrient use efficiency emphasizes rate, but 4R Nutrient Stewardship includes considerations of source of nutrients, timing and place of application as well, since these can be crucial to managing several large-impact nutrient loss processes. 
Selecting the most appropriate performance measure requires a detailed understanding of the processes involved in acquisition, residence time, allocation, remobilization and losses within plants. The acquisition or uptake efficiency and then remobilization or utilization efficiencies are important to plant breeders as they look for traits that can be used in selecting more efficient genotypes. Responses can be expressed as agronomic efficiencies or apparent recovery efficiencies, but both require a nil fertilizer application treatment to estimate the extra yield in response to added nutrient. Of a wide range of potential methods to assess nutrient use efficiency, partial nutrient balance (PNB; nutrient removal to use ratio) and partial factor productivity (PFP; crop yield per unit of nutrient applied) offer the benefits of being readily assessed at a range of scales including fields, farms, regions or nations. To fully represent the contribution of crop nutrition to sustainable production, however, any metric of nutrient use efficiency requires complementary metrics to reflect crop productivity and soil fertility. Nutrient use efficiency is a useful, complex, and incomplete metric of crop nutrition performance. 




Invitation from Canada 
Soil Interfaces for Sustainable Development 

• 5-10 July 2015, Montreal, Canada 
• CSSS, AQSSS, IUSS – ISMOM  



Thank 
You 

 
 

www.ipni.net 
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