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Presentation Notes
I am honored to have been invited to speak in this special session, and to participate in the publication upon which it based.***********************************************************************Managing Crop Nitrogen to Mitigate and Adapt to Climate ChangeNotes from conference call:Phil – general introduction to climate effect on N, agriculture effect on climate through N. at end of each talk come back to what climate change means for N losses, for N management. Craig Yendrek – ozone.TWB to focus on 4R and the NuGIS PNB – remarks on efficiency. With Cliff; copy Ron Gehl in process. Need to cover the drought (Ron Gehl will too). Ron Gehl – MRTN, limited ability to reduce rates, irrigation, Greenseeker, cover crops. Ron has 4 talks at ASA. Al Rotz – emissions, trade-offs, economics, models, concluding remarks on whole farm systems. How does ammonia loss affect climate?30-minute presentations; allow 5 minutes for Q&A.Tuesday, October 23, 2012: 1:00 PM-3:35 PM Duke Energy Convention Center, Room 233, Level 21:00 PM Introductory Remarks Eric Davidson and Charles Rice1:05 PM 180-1 Overview and Nitrogen Trace Gas-Climate Interactions in Agriculture.G. Philip Robertson, W. K Kellogg Biological Station and Dept. of Crop & Soil Sciences1:35 PM 180-2 Reduced Nitrogen Fertility Accelerates the Stimulation of Senescence Caused By Chronic Ozone In Nicotiana sylvestris.Craig Yendrek, USDA-ARS Global Change and Photosynthesis Research Unit; Courtney P. Liesner, University of Illinois; Elizabeth Ainsworth, USDA-ARS Global Change and Photosynthesis Research Unit2:05 PM 180-3 Managing Crop Nitrogen to Mitigate and Adapt to Climate Change.Thomas Bruulsema, International Plant Nutrition Institute; Clifford Snyder, International Plant Nutrition Institute2:35 PM 180-4 Practicality of Altering Farm N Management to Meet Reactive N Mitigation and Adaption Concepts.Ronald Gehl, North Carolina State University



Formed in 2007 
from the Potash 
& Phosphate 
Institute, the 
International 
Plant Nutrition 
Institute is 
supported by 
leading fertilizer 
manufacturers. 
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Presentation Notes
IPNI is supported by producers of plant nutrients, and its mission is to promote scientific information on responsible management of plant nutrition.



Outline – Managing Crop Nitrogen to Mitigate 
and Adapt to Climate Change 

1. Future climates, cropping systems and N 
2. 4R for future climates 
3. Reporting 4R Performance  
4. 4R Research 

Presenter
Presentation Notes
I’m covering the topic of managing crop nitrogen to mitigate and adapt to climate change. The areas I’d like to focus on are 1) what future climates might mean for cropping systems and N cycling in them, 2) to describe the 4R Nutrient Stewardship approach and specific aspects of source, rate, timing and placement that might be affected by future climates, 3) our need to report and communicate trends in performance indicators, and 4) research needs related to ensuring continuing progress in assessment of site-specific combinations of source, rate, time and place.**********************************************************************************Agriculture in the United States cycles large quantities of nitrogen (N) to produce food, fuel and fiber. Nitrogen lost from cropping systems can potentially move to waterways, groundwater, and the atmosphere. Changes in climate and climate variability may further affect the ability of agricultural systems to conserve N. There are many opportunities to mitigate the impact of agriculture on climate and the impact of climate agriculture through the management of the N cycle. Some are available today; many await further research and effective incentives to become adopted. The 4R Nutrient Stewardship framework embraced by the fertilizer industry is designed to engage stakeholders and provide voluntary incentives for agricultural retailers and service providers to engage in practical and structural changes, and is already beginning to do so. These changes are required to support better choices for source, rate, timing and placement of the N applied in field crop production.



Nitrogen-Climate 
Interactions 

• 7 chapters 
• 208 pages 
• “improved nutrient 

management will be 
increasingly challenging 
under climate change 
scenarios of more 
variable climatic 
patterns” 
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Presentation Notes
First a word on the publication that serves as the basis for this session. The study effort, coordinated by Eric Davidson and Emma Suddick of the Woods Hole Research Center, aimed to provide information to the US National Climate Assessment. It notes that it will be increasingly challenging to improve the management of crop nutrition given climate change scenarios of more variable patterns. But it also notes that “striving for NUE reduces impact of climate on crop N use, and impact of crop N use on climate.” Of the report’s seven chapters, the one focused on agriculture is the theme of today’s session. My objective in this presentation is to expand on the concepts of 4R Nutrient Stewardship and partial nutrient balances that it includes.



Nitrogen-Climate 
Interactions 

Presenter
Presentation Notes
Nitrogen is a key link between climate change and crop nutrition. The nitrogen cycle impacts climate change, and a glance at this figure leaves no room for doubt that weather and climate influence nitrogen cycling.��



IPCC SREX 
594 pp 

• It is likely that total rainfall from heavy rainfalls will increase in 
the 21st century over many areas of the globe 

• Increased heavy rain events in winter months for most of the 
eastern and northern portions of the Corn Belt 

• Longer and more severe droughts? Not in central North 
America  

• Floods, tornadoes and hail? almost impossible to predict 

Presenter
Presentation Notes
Predicting future climate is of course fraught with uncertainties, but some things are clear. The rising trend in carbon dioxide, the increase in global land temperatures over the past 60 years, and their continued increases over the coming decades are hard to dispute. The link between the two is presented by the IPCC as very likely, or 90% certain; that too does not seem beyond reason. When it comes to amounts and intensity of rainfall, predictions are far less certain. A recent IPCC Special Report focused on risks of extreme events. As agronomists, this should be of keen interest to us as we design, build and provide advice on cropping systems. Out of 594 pages, the conclusion that jumped out at me the most was the prediction for future heavy rainfalls. It is likely that the total coming from heavy rainfalls will increase in the 21st century over many land areas of the globe, including North America. Likely, in IPCC language, means greater than two-thirds probability. Focusing particularly on the eastern and northern portions of the Corn Belt (middle North America) the prediction is even more specific: the increased heavy rain events will occur in the winter months. That one struck me in particular, since the trend over the past ten years has been in this direction, with the exception of the past winter. Interestingly, there is no indication of longer and more severe droughts in central North America. Really extreme events, like floods tornadoes and hail, always generate public attention to the issue of climate change, but this report acknowledges no consistent trends or predictions for these. In the next two slides, I look at the rainfall predictions in a little more detail.****************************************************************************************************The Intergovernmental Panel on Climate Change recently released a special report on extreme weather events. While its most confident prediction is a global increase in heat waves, it also states “It is likely that the frequency of heavy precipitation or the proportion of total rainfall from heavy rainfalls will increase in the 21st century over many areas of the globe.” In particular it projects increased heavy rain events in winter months for most of the eastern and northern portions of the Corn Belt. The report also notes that while some areas of the world appear to be on a trend to longer and more severe droughts, central North America seems to be going the other way. Projections for floods, tornadoes and hail are acknowledged to be almost impossible to predict.IPCC, 2012: Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on Climate Change [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp. From pages 111-112 executive summary of chapter 3:“There is medium confidence that since the 1950s some regions of the world have experienced a trend to more intense and longer droughts, in particular in southern Europe and West Africa, but in some regions droughts have become less frequent, less intense, or shorter, for example, in central North America and northwestern Australia. There is limited to medium evidence available to assess climate-driven observed changes in the magnitude and frequency of floods at regional scales because the available instrumental records of floods at gauge stations are limited in space and time, and because of confounding effects of changes in land use and engineering.” “It is virtually certain that increases in the frequency and magnitude of warm daily temperature extremes and decreases in cold extremes will occur through the 21st century at the global scale. It is very likely that the length, frequency, and/or intensity of warm spells or heat waves will increase over most land areas.” “It is likely that the frequency of heavy precipitation or the proportion of total rainfall from heavy rainfalls will increase in the 21st century over many areas of the globe. This is particularly the case in the high latitudes and tropical regions, and in winter in the northern mid-latitudes.” [Figure 3.6 suggests high confidence in projecting increased heavy precipitation for Dec-Jan-Feb for most of the eastern and northern portions of the corn belt.]Heat wave in Europe, summer 2003 - A record drop in crop yield of 36% occurred in Italy for maize grown in the Po valley, where extremely high temperatures prevailed (Ciais et al., 2005). [p.257]4.4.6.4. Inland Flooding“There has been a likely increase in heavy precipitation in many areas of North America since 1950 (Table 3-2), with projections suggesting further increases in heavy precipitation in some regions (Table 3-3).” [especially central and eastern North America]“Beyond direct destruction of property, flooding has important negative impacts on a variety of economic sectors including transportation and agriculture. Heavy precipitation and field flooding in agricultural systems delays spring planting, increases soil compaction, and causes crop losses through anoxia and root diseases; variation in precipitation is responsible for the majority of the crop losses (Mendelsohn, 2007). In 1993, heavy precipitation flooded 8.2 million acres of American Midwest soybean and corn fields, leading to a 50% decrease in corn yields in Iowa, Minnesota, and Missouri, and a 20 to 30% decrease in Illinois, Indiana, and Wisconsin (Changnon, 1996).” Citation: Alexander, L. V., et al. (2006), Global observed changes in daily climate extremes of temperature and precipitation, J. Geophys. Res., 111, D05109, doi:10.1029/2005JD006290. “A suite of climate change indices derived from daily temperature and precipitation data, with a primary focus on extreme events, were computed and analyzed. By setting an exact formula for each index and using specially designed software, analyses done in different countries have been combined seamlessly. This has enabled the presentation of the most up-to-date and comprehensive global picture of trends in extreme temperature and precipitation indices using results from a number of workshops held in data-sparse regions and high-quality station data supplied by numerous scientists world wide. Seasonal and annual indices for the period 1951–2003 were gridded. Trends in the gridded fields were computed and  tested for statistical significance. Results showed widespread significant changes in temperature extremes associated with warming, especially for those indices derived from daily minimum temperature. Over 70% of the global land area sampled showed a significant decrease in the annual occurrence of cold nights and a significant increase in the annual occurrence of warm nights. Some regions experienced a more than doubling of these indices. This implies a positive shift in the distribution of daily minimum temperature throughout the globe. Daily maximum temperature indices showed similar changes but with smaller magnitudes. Precipitation changes showed a widespread and significant increase, but the changes are much less spatially coherent compared with temperature change. Probability distributions of indices derived from approximately 200 temperature and 600 precipitation stations, with near-complete data for 1901–2003 and covering a very large region of the Northern Hemisphere midlatitudes (and parts of Australia for precipitation) were analyzed for the periods 1901–1950, 1951–1978 and 1979–2003. Results indicate a significant warming throughout the 20th century. Differences in temperature indices distributions are particularly pronounced between the most recent two periods and for those indices related to minimum temperature. An analysis of those indices for which seasonal time series are available shows that these changes occur for all seasons although they are generally least pronounced for September to November. Precipitation indices show a tendency toward wetter conditions throughout the 20th century.”



More intense 
precipitation  

in winter 
Figure 3-6 | Projected annual 
and seasonal changes in % of 
days with Pr > Quantile 95 for 
2081-2100 with respect to 
1980-1999, based on 17 
GCMs contributing to the 
CMIP3 (IPCC, 2012). 
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The IPCC report includes information on seasonal distribution of changes. Shown here are projected changes in days on which the amount of rain is expected to exceed the current 95th percentile. The changes for the winter months of December January February are clearly larger than those for June July and August. For the central and eastern part of North America, it is clear that all are projected to increase. The stippling indicates where at least 16 of the 17 models agree. Other indicators suggest (but don’t show directly) that spring and fall rainfall could also become more intense. Again, how large is this change? Looking at the dark green area, it increases by 1 to 1.5 percent – I assume that means that this upper 5th percentile becomes the 6th to 6.5th percentile – a 20 to 30 percent increase in the frequency of the most intense storms. ************************************************************************************************************************************************Figure 3-6 | Projected annual and seasonal changes in three indices for daily precipitation (Pr) for 2081-2100 with respect to 1980-1999, based on 17 GCMs contributing to theCMIP3. Left column: wet-day intensity; middle column: percentage of days with precipitation above the 95% quantile of daily wet day precipitation for that day of the year,calculated from the 1961-1990 reference period; right column: fraction of days with precipitation higher than 10 mm. The changes are computed for the annual time scale (top row)and two seasons (DJF, middle row, and JJA, bottom row) as the fractions/percentages in the 2081-2100 period (based on simulations under emission scenario SRES A2) minus thefractions/percentages of the 1980-1999 period (from corresponding simulations for the 20th century). Changes in wet-day intensity and in the fraction of days with Pr >10 mmare expressed in units of standard deviations, derived from detrended per year annual or seasonal estimates, respectively, from the three 20-year periods 1980-1999, 2046-2065,and 2081-2100 pooled together. Changes in percentages of days with precipitation above the 95% quantile are given directly as differences in percentage points. Color shading isonly applied for areas where at least 66% (i.e., 12 out of 17) of the GCMs agree on the sign of the change; stippling is applied for regions where at least 90% (i.e., 16 out of 17)of the GCMs agree on the sign of the change. Adapted from Orlowsky and Seneviratne (2011); updating Tebaldi et al. (2006) for additional number of indices and CMIP3 models,and including seasonal time frames. For more details, see Appendix 3.A.Coupled Model Intercomparison Project 3 (CMIP3) 



How will farmers respond? 

• Changing climate will change the mix of crops and rotations, 
production potentials, and opportunities for cover crops. 

• More intense winter rain could lead to greater importance for 
conservation tillage and cover crops. 

Presenter
Presentation Notes
So we can add increased frequency and intensity of winter storms to the warmer temperatures and higher CO2 levels to our expectations for future climates. These trends will change the mix of crops and rotations, production potentials, and, in particular, greater opportunities for winter cover crops. The increased intensity of winter rain may also increase the importance of these cover crops, in their roles of preventing soil erosion and sequestering carbon. The management changes farmers make need to be considered in any projection of future climates on N cycling.



Climate and soil organic N 
• Soil N mineralization increased by temperature but reduced 

by higher C/N ratios (Brevik, 2012, Soil Horizons) 
• Nutrients: “Soil C sequestration under elevated CO2 is 

constrained both directly by N availability and indirectly by 
nutrients [P, K, Mo] needed to support N2 fixation” (van 
Groenigen et al, 2006, PNAS) 

• Progressive N limitation: “Soil N supply is probably an 
important constraint on global terrestrial responses to 
elevated CO2” (Reich et al, 2006, Nature) 
 
 

Presenter
Presentation Notes
Soil organic matter and the nitrogen it contains influence the nitrogen nutrition of crops strongly, and is also heavily influenced by climate change. Its fate under climate change is uncertain. Higher temperatures increase its mineralization, as pointed out in a recent Soil Horizons article by Eric Brevik, but higher carbon dioxide levels may mean greater input to the soil of crop residues richer in carbon but lower in nitrogen, thus decomposing more slowly. Thus many expect that soil organic matter will benefit from higher CO2 levels, but as pointed out by van Groenigen et al in 2006, progressive nitrogen limitation under enriched CO2 can constrain soil carbon storage, and in addition nutrients like phosphorus, potassium and molybdenum may constrain biological nitrogen fixation in future climates as well. A 2006 paper in Nature by Reich et al agrees that N supply from the soil may constrain the response of terrestrial plants to elevated CO2. There seems to be considerable lack of certainty as to what climate change will do to soil organic matter, but if it’s going to increase, inputs of N will need to be increased.**************************************************************************Brevik, EC. 2012. Soils and Climate Change: Gas Fluxes and Soil Processes. Soil Horizons. According to the Intergovernmental Panel on Climate Change, global temperatures are expected to increase 1.1 to 6.4°C during the 21st century, and precipitation patterns will be altered by climate change. Soils are intricately linked to the atmospheric–climate system through the carbon, nitrogen, and hydrologic cycles. Altered climate will, therefore, have an effect on soil processes and properties, and at the same time, the soils themselves will have an effect on climate. Study of the effects of climate change on soil processes and properties is still nascent, but has revealed that climate change will impact soil organic matter dynamics, including soil organisms and the multiple soil properties that are tied to organic matter, soil water, and soil erosion. The exact direction and magnitude of those impacts will be dependent on the amount of change in atmospheric gases, temperature, and precipitationamounts and patterns. Recent studies give reason to believe at least some soils may become net sources of atmospheric carbon as temperatures rise and that this is particularly true of high latitude regions with currently permanently frozen soils. Soil erosion by both wind and water is also likely to increase. However, there are still many things we need to know more about. How climate change will affect the nitrogen cycle and, in turn, how the nitrogen cycle will affect carbon sequestration in soils is a major research need, as is a better understanding of soil water–CO2 level–temperature relationships. Knowledge of the response of plants to elevated atmospheric CO2 given limitations in nutrients like nitrogen and phosphorus and associated effects on soil organic matter dynamics is a critical need. There is also a great need for a better understanding of how soil organisms will respondto climate change because those organisms are incredibly important in a number of soil processes, including the carbon and nitrogen cycles.van Groenigen, K.-J., J. Six, et al. (2006). "Element interactions limit soil carbon storage." Proceedings of the National Academy of Sciences 103(17): 6571-6574.	Rising levels of atmospheric CO2 are thought to increase C sinks in terrestrial ecosystems. The potential of these sinks to mitigate CO2 emissions, however, may be constrained by nutrients. By using metaanalysis, we found that elevated CO2 only causes accumulation of soil C when N is added at rates well above typical atmospheric N inputs. Similarly, elevated CO2 only enhances N2 fixation, the major natural process providing soil N input, when other nutrients (e.g., phosphorus, molybdenum, and potassium) are added. Hence, soil C sequestration under elevated CO2 is constrained both directly by N availability and indirectly by nutrients needed to support N2 fixation.Reich, P. B., S. E. Hobbie, et al. (2006). "Nitrogen limitation constrains sustainability of ecosystem response to CO2." NATURE 440: 922-925.Enhanced plant biomass accumulation in response to elevated atmospheric CO2 concentration could dampen the future rate of increase in CO2 levels and associated climate warming. However, it is unknown whether CO2-induced stimulation of plant growth and biomass accumulation will be sustained or whether limited nitrogen (N) availability constrains greater plant growth in a CO2-enriched world. Here we show, after a six-year field study of perennial grassland species grown under ambient and elevated levels of CO2 and N, that low availability of N progressively suppresses the positive response of plant biomass to elevated CO2. Initially, the stimulation of total plant biomass by elevated CO2 was no greater at enriched than at ambient N supply. After four to six years, however, elevated CO2 stimulated plant biomass much less under ambient than enriched N supply. This response was consistent with the temporally divergent effects of elevated CO2 on soil and plant N dynamics at differing levels of N supply. Our results indicate that variability in availability of soil N and deposition of atmospheric N are both likely to influence the response of plant biomass accumulation to elevated atmospheric CO2. Given that limitations to productivity resulting from the insufficient availability of N are widespread in both unmanaged and managed vegetation, soil N supply is probably an important constraint on global terrestrial responses to elevated CO2.	



Grove et al. 2009. Better Crops with Plant Food 93(4):6-8 – Kentucky, USA 
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I would like to point out a specific example of a management choice that may become more feasible with climate change, and one that could contribute to increased soil carbon storage. This figure shows soil organic carbon levels in a 39-year study from Kentucky. Continuous corn was grown with zero, 168 or 337 kg/ha of annual N application, under no-tillage or moldboard plowing. An important feature of this cropping system is the winter cereal cover crop—feasible now in Kentucky; with climate change, it may become more feasible northwards as well. The high rate of N provided probably more N than the corn would need on its own, and would have been a complete waste without the cover crop. But with the cover crop to absorb it, the additional nitrogen turned into valuable soil organic matter– to the extent that with no-till, the highest N rate resulted in restoration of soil organic carbon to levels found in continuous grass sod. Here is a crop management strategy, coupled with a crop nutrition strategy, that takes advantage of nitrogen-carbon interactions to help adapt to and mitigate climate change.



Take-home points: future climate 

1. Rising CO2 levels increase plant N demand. 
2. Warmer wetter winters mean more opportunity for cover 

crops and more need for their roles in erosion 
prevention and soil carbon storage. 

Presenter
Presentation Notes
So to sum up this discussion, in the future climate, rising CO2 levels are going to increase the demand for N by plants. In addition, warmer wetter winters will afford more opportunity for cover crops and more need for their roles in preventing erosion and increasing soil carbon storage.
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Now I’d like to address the question of what the 4R Nutrient Stewardship concept has to offer in terms of nitrogen climate interactions. The four Rs are deceptively simple. Just apply the right source of plant nutrients at the right rate, right time and in the right place. But complexity is introduced by the word “right.” When we talk about 4R, it includes the definition of right. And by right we mean sustainable improvement in the economic, social and environmental dimensions of stakeholders lives. Thus it becomes necessary to assess the performance of each combination of source rate time and place in the context of each cropping system. This outcome-based performance needs to be measured by performance indicators selected with stakeholder input. Those stakeholders are represented by people including producers, suppliers, neighbors, buyers, consumers, and environmental groups.  Science is the crucial link between the practices and these outcomes. Agronomic science describes the causes of outcomes and the effects of application practices in the context of each cropping system. But because these outcomes have trade-offs, choices need to be made, and while those choices should be informed by science, they are also informed by values. Thus stakeholder participation in the selection of sustainability goals and the performance indicators that represent them is essential to 4R Nutrient Stewardship.



http://nane.ipni.net 
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Our Institute’s recently released 4R Plant Nutrition Manual explains this concept in detail. Starting from the framework of sustainability and sustainable agriculture and the need for nutrient stewardship, it provides detailed scientific principles related to each of the 4Rs. It then goes on to describe how practices need to be adapted to the whole farm, supporting practices like soil testing, and how accountability can be applied to the management of plant nutrients. These nine chapters form the backbone of a course being prepared by the American Society of Agronomy leading to a 4R specialist designation. The hardcopy available for order from IPNI, and an electronic version is available for the iPad.



ACTION 
Change in practice 

Farm Level 
Producers,  
Crop advisers 

DECISION  
Accept, revise, or reject 

EVALUATION of OUTCOME   
Cropping System  

Sustainability Performance 

OUTPUT  
Recommendation of right source, 

rate, time, and place (BMPs) 

    Regional Level 
Agronomic scientists, 

Agri-service  
providers 

DECISION SUPPORT based 
on scientific principles 

Policy Level – Regulatory,  
Infrastructure, Product Development LOCAL SITE 

FACTORS 
•Climate 
•Policies 
•Land tenure 
•Technologies 
•Financing  
•Prices 
•Logistics 
•Management 
•Weather 
•Soil 
•Crop demand 
•Potential 
losses 

•Ecosystem 
vulnerability 

4R Adaptive Management for Plant Nutrition 

Presenter
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The 4Rs include adaptive management, though of course adaptive management goes beyond crop nutrition as well. Our vision of adaptive management for plant nutrition includes cycles of decision, implementation and evaluation. These cycles operate at several levels, including the farm, the regional and the policy levels. The farm level cycle is the growing season. Producers continually look at options, choosing recommendations for source rate time and place that suit their local site factors. These site-specific factors start with soil and landscape and include a wide range of considerations including policies (regulations) and land tenure. At the regional level, we have both agronomic scientists working to refine decision support through research. We also have agri-service providers making decisions on the sources they will provide and on the logistics of how they can be delivered to the farm or to the field. Both academic and industry agronomists interact with producers and crop advisers to implement and interpret on-farm trials that aid in the evaluation of selected practices – right along the lines of adaptive management.At the national or state level, decisions are made by government on regulations, and by industry on product development, and by both on infrastructure.All three levels need to be consistent in the goals against which they evaluate outcome. Source, rate, time and place are central to all, but it’s the full framework that we mean when we talk about 4R Nutrient Stewardship, or the 4Rs, for short.



Right Source 

• Form: rising [CO2] and implications for NH4
 + versus NO3

- 

• Plant dependence on NH4
 + versus NO3

- changes with [CO2] 
(Bloom et al, 2002; Epstein and Bloom, 2005) 

• If preference for NH4
+ increases, greater crop response may be 

expected from:  
– nitrification inhibitors (nitrapyrin, dicyandiamide)  
– other means of slowing the conversion of ammonium to nitrate 

(urease inhibitors, polymer coated urea, later time of application) 

• Adapting to higher [CO2] could thus lead to less nitrate 
leaching 

• Forms suitable for placement in conservation tillage 

Presenter
Presentation Notes
The 4Rs each have separate and unique considerations when it comes to the nitrogen cycle. In this and the next three slides, I’ll highlight a few.Source includes nutrient form, and one specific nutrient form that may be affected by rising CO2 levels is the choice between ammonium and nitrate. Most fertilizer sources are in the ammoniacal form, but soil processes often result in most of the uptake occurring in the nitrate form. As CO2 levels rise, plant photosynthesis becomes more efficient and more focused on carbon assimilation, leaving less surplus energy for nitrate reduction, and in some cases an increasing preference for ammonium over nitrate has been demonstrated. Thus nitrification inhibitors or controlled-release forms of nitrogen may be more strongly preferred, giving larger crop responses, and also leading perhaps to less nitrate leaching. Given increased need and opportunity for conservation tillage, forms suitable for placement into the soil will be needed, to prevent the contact between urea and crop residue that results in ammonia volatilization.*************************************************************************************************************************Epstein, Emanuel and Arnold J. Bloom. 2005. Mineral Nutrition of Plants: Principles and Perspectives. 2nd edition. Sinauer Associates. Page 186.Bloom, A. J., D. R. Smart, et al. (2002). "Nitrogen assimilation and growth of wheat under elevated carbon dioxide." Proceedings of the National Academy of Sciences 99(3): 1730-1735.	Simultaneous measurements of CO2 and O2 fluxes from wheat (Triticum aestivum) shoots indicated that short-term exposures to elevated CO2 concentrations diverted photosynthetic reductant from NO or NO reduction to CO2 fixation. With longer exposures to elevated CO2, wheat leaves showed a diminished capacity for NO photoassimilation at any CO2 concentration. Moreover, high bicarbonate levels impeded NO translocation into chloroplasts isolated from wheat or pea leaves. These results support the hypothesis that elevated CO2 inhibits NO photoassimilation. Accordingly, when wheat plants received NO rather than NH as a nitrogen source, CO2 enhancement of shoot growth halved and CO2 inhibition of shoot protein doubled. This result will likely have major implications for the ability of wheat to use NO as a nitrogen source under elevated CO2.



Right Rate 

• A function of crop demand, soil supply, and soil losses 
– All 3 affected by weather 

• Soil-crop system models using real-time data (e.g. Cornell 
University’s Adapt-N), or crop sensors, can help adapt to 
weather  

• Adapting N rates to weather: 
– More variable crop yield and rainfall-related N losses may 

make it more important. 
– Cover crop response to surplus N may make it less 

important. 

Presenter
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Rate. If yield goals were hard to set in the past, they may be even more difficult to predict in the future. If you felt you needed a little extra for insurance with normal weather, the temptation may increase when weather becomes more variable. There are alternatives! Particularly for nitrogen, you can use crop sensors and/or weather-driven crop models as decision support tools to take into account the dynamic changes in weather. But I should add that even though increased variability in yield and N loss may make it more important to fine-tune rates to weather, the use of cover crops could make it less important, considering that cover crops can make good use of surplus N, provided the surpluses are reasonable.



Right Time 

• If winter rains increase in amount and intensity, fall application 
may be less effective. 

• Split applications allow more decision points to help deal with 
variability in crop yield potential and loss mechanisms. 
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Time. Splitting the dose into multiple applications can help minimize risk of loss and maximize nutrient supply to the crop. Does your equipment enable you to take advantage of narrow application windows that open up? Can you respond to short-term forecasts that assure that applied nutrients will stay in the soil? Can you fit your application timing to the growth stages of crops that might happen earlier than usual? 



Right Place 

• Greater benefits to subsurface 
placement for urea with 
conservation tillage? 

• If winter rains are more frequent 
and intense, more need for varying 
N rate by landscape position? 

• Crop sensors for variable rate? 
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Place. If rainstorms are more frequent and intense, leaving nutrients on the soil surface makes even less sense than before. Placing nutrients in the soil close to where the roots are growing adds resiliency to the crop production system. It will be important to consider investment in equipment that can place the right nutrients in the soil at the right time, rapidly enough to fit application windows that might be shorter and at different times than in the past. If winter rains result in more water moving across the soil surface, there may be more need to address the within-field variability that results. Crop sensors, again, may offer a way to deal with this variability, but the placement equipment will more likely involve fluids, drop tubes, and/or injectors.



nutrientstewardship.com 
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So, for both dealers and growers, there will be plenty of change opportunities to consider as adaptations to climate change. But 4R Nutrient Stewardship offers more. It is also being adopted by agri-service providers as a public expression of corporate social responsibility. To distinguish the program’s voluntary nature, The Fertilizer Institute uses the term ‘consistent’ rather than ‘compliant’ to describe businesses that have signed on. Consistency differs from compliance in that this is based on public commitment rather than verified compliance to rules and regulations. The 4R Nutrient Stewardship has generated tremendous enthusiasm among the Fertilizer Institute’s member companies in the agri-retail sector. 



“4R Inside” Checklist 
1. Balance economic, social, environmental areas. 
2. Include BMPs addressing SRTP. 
3. Provide site-specific recommendations. 
4. Balance essential elements. 
5. Assess nutrient requirements. 
6. Consider all sources. 
7. Comply with regulations. 
8. Measure effectiveness of BMPs. 
9. Use terminology consistent with 4R standards. 
10. Document plans and implementation. 
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Presentation Notes
The agri-retailers considered 4R-consistent publicly commit to a ten point checklist termed “4R Inside.” It refers to the essential components of 4R nutrient stewardship. This is a condensed version just to illustrate the ten areas touched upon. Such dealers commit to:Balancing the three pillars of sustainability. They show some concern and care for each.Including BMPs that specify source, rate, time and place.They need to provide site-specific recommendations, rather than one BMP for all.They need to balance the supply of essential elements, ensuring that deficiency of one nutrient isn’t hampering the efficiency of the others.They assess nutrient requirements as opposed to a single recipe for every field.They consider all sources, not discounting manure.They comply with regulations.They measure the effectiveness of the BMPs they work with. This can be challenging, but there are good examples of programs like HighQ in which the dealer assists the grower in tracking yields and nutrient removals from every field on a site-specific basis.They use terminology consistent with 4R standards ensuring we speak a common language to the public.Finally they keep records and document the implementation of their practices. 



Presenter
Presentation Notes
The 4R Advocate program aims to:Recognize producers and retailers utilizing 4RsEngage producers and share success storiesThe inaugural program received 37 producer nominations from retailers across the US, from which 5 were chosen. Winners got a trip to Commodity Classic and participated in TFI booth.This video clip is online, and includes comments from the producers on their perspectives on nutrient management challenges and how 4R Nutrient Stewardship can help address them. It’s important to remember that constraints to the adoption of practices considered “right” extend beyond the range of biophysical science; logistical and practical concerns need to be taken into account. I would encourage all those involved at the research and policy levels of nutrient management to listen to the forthright and practical comments from producers and agri-service providers in this 9-minute video.�



Benefits 
Farmers 
• Offset credit for reduced GHGs 

Industry 
• Source of credits 

Government 
• Tool to meet emission reduction 

targets 
• ISO 14064-2 criteria for “real, 

measurable, additional, verifiable” 
• Approved October 2010 by Alberta 

Environment 

Researchers 
• Advance science relating farm 

practices to N2O emissions 

 

Nitrous oxide 
Emission 

Reduction 
Protocol 
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Presentation Notes
Another example of where industry is using the 4Rs to address climate change is in the Nitrous Oxide Emission Reduction Protocol, approved by the province of Alberta since 2010.***************************************************************************************************************The Nitrous oxide emission reduction protocol, or NERP for short, provides offset credits to farmers for reduction in greenhouse gases. 4R Nutrient Stewardship is the core of the practices it documents.For government this is a tool to meet emission reduction targets. It meets ISO criteria for real, measurable, additional and verifiable emission reductions. In October 2010 it was approved by Alberta Environment, the first to be recognized by a government with an active carbon trading framework. Protocols involve legal-regulatory-political considerations as well as science, but science-based practices are an essential part. The protocol can identify relevant knowledge gaps, thus guiding and providing rationale for research.



Take-home points: 4R Nutrient Stewardship 

• The 4R Nutrient Stewardship concept is:  
– raising awareness among agri-service providers about 

sustainable management of N application. 
– Providing tools to engage producers and stakeholders 

 



3.  
Reporting 4R 
Performance 

Presenter
Presentation Notes
For the third section of this presentation, I would like to focus on reporting performance. 4R principles prescribe stakeholder participation in selecting performance indicators, but for practical reasons measures of N use efficiency become important for many situations, because measuring reductions in N losses is generally economically impractical. NuGIS is a geographic information system for exploring crop nutrient balances. It is available both as a printed publication and as an online interactive tool (easy to find; just google NuGIS). We are using it in work with the Chesapeake Bay Program to improve the representation of fertilizer use in the Chesapeake Bay Model (Scenario Builder). We are also working with EPA to have NuGIS included in their Atlas project – The National Atlas of Sustainable Ecosystem Services.Many factors impact the balance of nutrient inputs to the soil and their removal. Nutrient balances can provide relevant performance indicators – indexes of how “right” are the choices that farmers are making regarding the source, rate, time and place for their nutrient applications. They can also be presented in different ways, and can be interpreted as indicators of nutrient use efficiency. But nutrient balances, and output/input ratios, require context for interpretation. I will demonstrate this in the next few slides.



Partial N balance 
by 8-digit 

hydrologic unit 
lb N/planted acre 

1987 

2007 
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Presentation Notes
NuGIS maps are done over census years – 5-year intervals – and this slide depicts the first and last of the series. Yellow represents balance with inputs equal to removal within 10 lb/A, and deepening shades of green represent increasing surpluses of inputs over removals. In general, surpluses declined from 1987 to 2007, but not very much. In Northern Montana and North Dakota, deficits moved toward balance – possibly relieving a situation that was “mining” N from organic matter. What do you take away from these maps? Perhaps the variability across the land area strikes you. Perhaps the fact that the dominant color is green. While these maps give great spatial detail, they don’t show the full picture of the inputs and outputs, the large flow of the N cycle managed by producers.



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, in press] 

Presenter
Presentation Notes
This figure was adapted from NuGIS data, even though it doesn’t appear in the NuGIS publication. It has been included, however, in this chapter which is now in press with Biogeochemistry. I show it first because it gives you an idea of how NuGIS works. The nitrogen balances 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 which I will discuss. 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). 



Crop N Use Efficiency Challenges 
Inefficient N use can result in increased environmental N 

losses, reduced crop yields, and lost profits for farmers 
Global N use efficiency by cereal crops is  <40 to 50% 

(Balasubramanian et al., 2004; Ladha et al., 2005),  
– but typical  on-farm N recovery efficiency by cereal crops could 

be raised to 50 to 70% or more with more intensive nutrient and 
cropping system management (Dobermann and Cassman, 2002, 
Kitchen and Goulding, 2001). 

Photo courtesy  P. Scharf Photo courtesy  S. Murrell 

25% improvement above current apparent plant N recovery efficiency, 
has been called for by an EPA SAB integrated N management 
committee (EPA 2011) 
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Presentation Notes
Many other publications have pointed out that N use efficiency, when defined as apparent recovery, is in general much lower than 75 to 80 percent. Such recovery by cereal crops is often in the range of 33 to 50 percent as averages, with potential to rise to 50 to 70 percent with more intensive management. Both the partial nutrient balance and recovery estimates are imperfect, but I would note that with recovery efficiency, you will only get close to 100% when the soil storage of available N is close to zero; the crop would be extremely dependent on each years annual nutrient input. From a whole-systems perspective, partial nutrient balance is a better indicator of inputs and outputs.



Partial factor productivity in the U.S. for fertilizer N used on maize and wheat 
from 1965 to 2010 (Adapted from USDA-ERS and USDA-NASS, 2011). 
[From Fixen et al., 2012, article in preparation] 
 

Presenter
Presentation Notes
What I have presented so far averages over all crops. Using other data from USDA-ERS, we also calculate partial factor productivity, another measure of nutrient use efficiency. This is not part of NuGIS, but these figures are used often in industry publications. Wheat and corn show contrasting trends. Since 1975, the amount of corn produced per unit of fertilizer input has steadily increased. The main reason is the steadily increasing yield, increasing faster than the increase in N rates. Physiological studies show that corn today captures N more efficiently than it did 30 to 40 years ago, largely because it continues N uptake longer.Wheat shows a contrasting pattern, a declining trend in efficiency, up until the last ten years. What’s the reason? A lot of wheat production has shifted from a tilled wheat-fallow rotation towards a continuous no-till system. The switch has been accompanied by soil carbon sequestration – and soil organic carbon usually contains N. So because the soil was absorbing N, more input was needed per unit of production. Is the uptick in the last ten years perhaps a sign that soil organic matter levels have reached a new equilibirum?Assuming corn contains 12 kg N per tonne, and factoring out the 15% of the corn land fertilized with manure (USDA-ERS, 2012), the partial nutrient balance for corn fertilized with N is about 71%. This is considerably higher than many quotations of N use efficiency, particularly those based on recovery efficiency. It’s also roughly equal to the total crop partial nutrient balance shown earlier. Considering that that PNB included large areas of legumes with 100% efficiency, there must be many crops in the USA with far worse NUE than corn.Wheat normally contains at least 19 kg of N per tonne. So at a PFP of 50, it is at 93% efficiency from a partial nutrient balance standpoint, factoring out the 2.5% of wheat land fertilized with manure. USDA-ERS, 2012. http://www.ers.usda.gov/data-products/arms-farm-financial-and-crop-production-practices/tailored-reports.aspx



Adequate P fertilization of corn reduces 
soil profile nitrate and the potential for 
nitrate leaching (Schlegel et al. 1996) 
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I’d like to point out two other factors, namely P and K inputs, that potentially limit losses of N from cropping systems. These two curves show the difference in accumulation of soil nitrate in the top 3 meters of soil, between corn fertilized with P and that without. The latter had a soil test level of 17 that declined to 7 ppm during the 30 years of the experiment. The amount available to leach and denitrify at the optimum N rate differed by 80 kg/ha, a 66% reduction by ensuring balanced nutrition according to 4R principles.



IPNI, 2010 

27% 
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Presentation Notes
How many soils have this potential? Our latest data indicate 27% of soils are in this category, with potential to have increased nitrate loss if P fertilizer is not applied. You may think that P is being applied to these soils; but were that the case, we would see the number of soils in this category decreasing over time; instead we see them rising, particularly since 2005.



Adequate K fertilization increases apparent 
nitrogen recovery by corn (Johnson et al. 1997) 
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Similarly, data from an NPK factorial experiment in Ohio show that at high soil test K levels (139 ppm) N recovery can be as high as 75% at optimum N rates, while at levels of 116 ppm and below, recovery is closer to 35%.



35% 
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Presentation Notes
Again, how many soils are in this category? 35% across North America, and not declining over time.



Take-home points: Performance 

1. N use efficiency is improving and can be further 
improved. 

2. We as agronomists need to improve our clarity in 
communicating current levels of efficiency to the 
public. 

 



5. 4R research 

Presenter
Presentation Notes
I will speak briefly about research. The industry is ready to commit to increased support for research that supports 4R Nutrient Stewardship. 



4R Applied Research Needs for N – North America 
…validation of efficacy of specific application practices (SRTP) 
…environmental impact per unit of economic and social value 

1. Adapting N management to 
weather 

2. Ammonia emissions from wheat 
3. Integrated management for 

ecological intensification  
4. Nitrate leaching from high-value 

fruit, vegetable and tree crops 
5. Nitrate leaching from wheat 
6. Nitrate leaching index 
7. Nitrous oxide emissions 
8. Practice indicators 
9. Research infrastructure 
10. Sensor-based variable-rate N 
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The main research need for research relevant to the 4Rs is research that validates the efficacy of specific practices, specific combinations of source, rate, time and place. We need to be able to evaluate the environmental impact per unit of social and economic value. This list of ten technical topic areas was drawn from IPNI staff across North America. While they match up with a lot of ongoing initiatives, the important thing is to integrate them so that the results can be used in providing assurance to all stakeholders that the practice changes we are making provide genuine benefits. We, TFI and IPNI, have met with the leadership of the USDA-ARS Long Term Agro-ecosystem Research (LTAR) network on the potential for including some of the 4R Research Initiative projects. The LTAR network may provide opportunity to help translate findings from the field scale to larger scales of watersheds and regions.



Summary – Managing N with Climate Change 

1. Climate change offers opportunities as well as 
challenges for N management 

2. The 4R Nutrient Stewardship concept is raising 
awareness among agri-service providers about 
sustainable management of N application. 

3. N use efficiency is improving and can be further 
improved. 

4. 4R research needs to focus on validating sustainability 
performance of site-specific practices. 
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Presentation Notes
Adaptation to a warmer climate with enriched CO2 and more intense rainstorms will require us to adapt source, rate, time and place of nutrient application to conservation soil management (tillage, fertility and organic matter).More emphasis on source, timing and placement options.More emphasis on including weather—past, current, and forecast—in decision support for crop nutrition.



ipni.net/4R 
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