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“Without the use of N fertilizers, we could not secure enough food  
for the prevailing diets of nearly 45% of the world’s population,  
or roughly 3 billion people…” [Smil, 2011] 

Smil, V. 2011. Nitrogen cycle and world 
food production. World Agriculture 2:9-13. 

Nitrogen Fertilizer Plays a Vital Role in Civilization 

Presenter
Presentation Notes
Nitrogen is the plant nutrient that most commonly limits growth and yield.  The lack of nitrogen in plants is often visible by a slow growth rate, stunting, and pale green leaves (shown in the middle strip of maize where N fertilizer was inadvertently omitted).

Nitrogen is essential for maintaining the modern global food supply.  It is estimated that close to one half of the food produced in the world is supported by the use of nitrogen fertilizers.  Another way to look at this is that inside your every cell, protein, or DNA molecule in your body, on average half of the nitrogen is a the product of a Haber-Bosch process from a fertilizer factory (Hager, 2009).

Useful resources:

Hager, T. 2009. The alchemy of air: A Jewish  genius, a doomed tycoon and the scientific discovery that fed the world but fueled the rise of Hitler.

Erisman, J.W., M.A., J. Galloway, Z. Klimont & W. Winiwarter. 2008.  How a century of ammonia synthesis changed the world.  Nature Geoscience 1, 636 – 639.
  
Smil, V. 2011. Nitrogen cycle and world food production. World Agriculture 2:9-13.



Nitrogen-deficient plants 
are stunted, yellow,  
and poor yielding 
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Rice, eggplant, lettuce.

Most plants require relatively large amounts of N (often 3 to 4% N) and it is acquired from the soil primarily in the form of nitrate (NO3-) or ammonium (NH4+).  When plants to not have adequate N, typical deficiency symptoms appear first as yellow leaves occurring first in the older tissue.  This yellowing is called chlorosis.

There are some free-living bacteria in soil that are capable of transforming atmospheric N to a form useable by organisms.  Some plants, such as legumes (including peas, beans, and alfalfa), can host nitrogen-fixing bacteria in their roots and obtain large quantities of N for their growth.




Nutrients … a matter of balance 

Removal Replacement 

http://www.google.com/imgres?imgurl=http://www.westpointsteakhouse.com/yahoo_site_admin/assets/images/image004.330215549_std.jpg&imgrefurl=http://www.westpointsteakhouse.com/&h=379&w=502&sz=39&tbnid=tX0sinrmW-W59M:&tbnh=98&tbnw=130&prev=/images?q=steak+pictures&zoom=1&q=steak+pictures&hl=en&usg=__N7FmTSxcOiT6ZmXX-hV3C6d6Fsk=&sa=X&ei=KAoqTXKDtJUH_p-47gE&ved=0CCAQ9QEwAg
http://www.google.com/imgres?imgurl=http://www.westpointsteakhouse.com/yahoo_site_admin/assets/images/image004.330215549_std.jpg&imgrefurl=http://www.westpointsteakhouse.com/&h=379&w=502&sz=39&tbnid=tX0sinrmW-W59M:&tbnh=98&tbnw=130&prev=/images?q=steak+pictures&zoom=1&q=steak+pictures&hl=en&usg=__N7FmTSxcOiT6ZmXX-hV3C6d6Fsk=&sa=X&ei=KAoqTXKDtJUH_p-47gE&ved=0CCAQ9QEwAg
http://www.google.com/imgres?imgurl=http://lukehoney.typepad.com/the_greasy_spoon/images/2008/07/19/fried_eggs.jpg&imgrefurl=http://lukehoney.typepad.com/the_greasy_spoon/2008/07/perfect-fried-e.html&h=300&w=400&sz=61&tbnid=FAdTpAqaV_EbyM:&tbnh=93&tbnw=124&prev=/images?q=fried+egg+pictures&zoom=1&q=fried+egg+pictures&hl=en&usg=__B0DGr3IUvBcF74cw82qgT9BLMKY=&sa=X&ei=8woqTcWCBsSBlAea9LHJAQ&ved=0CB0Q9QEwAw
http://www.dreamstime.com/register?jump_to=http://www.dreamstime.com/fish-dinner-image84123


Why Improve  
Nitrogen Use Efficiency? 

• Economics 
• Environmental impacts 

– Nitrate in drinking water 
– Eutrophication & hypoxia  
– Biodiversity loss  
– Smog and PM2.5 from ammonia emission 
– Ozone depletion – N2O  
– Greenhouse gases – N2O  and CO2 

 



What are some of   
barriers impeding  
efficient use of   
N fertilizer? 



Scarcity/Wealth of California Information 



Grapes (all)   2,937 
Almonds (shelled)  2,343 
Nursery Products  2,273 
Alfalfa and other hay  1,797 
Lettuce, (all)  1,580 
Strawberries   1,578 
Tomatoes (all)  1,317 
Rice    1,183 

Flowers/Foliage  1,015 
Broccoli   663 
Oranges  608 
Pistachio   569 
Walnuts   558 
Carrots    517 
Lemons   473 
Celery    354 

California: Top Crop Commodities 

 Crop Production Value (Millions) 

Where is the data to support fertilizer recommendations? 



Nitrogen Use Efficiency 
“…… estimated NUE for cereal production 

ranges from 30 to 35%.”   

range from: 5 to15% 
   : 27 to 33% 

http://cemonterey.ucdavis.edu/newsletters/_i__b_Monterey_County_Crop_Notes__b___i_38279.pdf 

Spinach: 50 to 75%  



Common NUE Terms (Nitrogen Use Efficiency) 
Term Calculation Total uptake 

needed? 
Partial factor productivity PFP = Y/F No 
Agronomic efficiency AE = (Y-Y0)/F No 
Partial nutrient balance PNB = Uh/F No 
Apparent recovery efficiency by difference RE = (U-U0)/F Yes 
Internal utilization efficiency IE = Y/U Yes 
Physiological efficiency PE = (Y-Y0)/(U-U0) Yes 
F    – Amount of nutrient applied (as fertilizers, manures, etc.) 
Y   – Yield of harvested portion of crop with applied nutrient 
Y0  – Yield in control with no applied nutrient 
UH – Nutrient content of harvested portion of crop 
U   – Total nutrient uptake in aboveground crop biomass with nutrient applied 
U0  – Total nutrient uptake in aboveground crop biomass with no nutrient applied 





 The “4R” strategy  

Efficient fertilizer Management 

 Right Source  
Right Rate 

 Right Time 
 Right Place  

For the crop, field or field zone, and nutrient 

Presenter
Presentation Notes
The way fertilizers are managed can have a major impact on the efficiency of nutrient use by crops and the potential impact on the surrounding environment. In all instances, we are striving to improve fertilizer use efficiency by increasing the pounds of lint per acre for each unit of nutrient applied, without sacrificing yield potential. This is especially true for N, the major nutrient removed from the soil by cotton and most annual grain crops and perennial forages.  This brings us to the foundation for fertilizer BMPs…

the “4R” system.  Efficient fertilizer management depends on applying the… 

Right Source at the Right Rate at the Right Time in the Right Place. The remainder of this presentation will focus on how the “4Rs” are fundamental to fertilizer BMPs for cotton. 



4R Nutrient Stewardship 
• Right Source, Right Rate, Right Time & Right Place 

– Linking practices to science for sustainability performance 
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Presentation Notes
 The fertilizer industry’s nutrient stewardship concept links management of plant nutrition to sustainability.

The 4R nutrient stewardship concept is being developed because sustainable agricultural production is important, and we need to ensure that fertilizer use contributes to it. The fertilizer rights—source, rate, time, and place—are connected to the goals of sustainable development. 

The connection between the practices and the benefits must be understood well, not only by crop producers and their advisers, but also by those who purchase the products of cropping systems and those who live in the environment impacted by those systems. Programs involving payments to farmers for ecological goods and services—for example, carbon offsets related to greenhouse gas mitigation, loading reductions for water quality credit trading, etc.—depend on a clear public understanding of these linkages and a common language and vocabulary relating to fertilizer management.

The 4R nutrient stewardship concept defines the right source, rate, time, and place for fertilizer application as those producing the economic, social, and environmental outcomes desired by all stakeholders to the plant ecosystem.




ECONOMIC 
Net profit 

       Resource use  Energy 
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1. Supply in plant available forms 
2. Suit soil properties 
3. Recognize synergisms among 

elements 
4. Blend compatibility 

1. Appropriately assess soil 
nutrient supply 

2. Assess all available 
indigenous nutrient sources 

3. Assess plant demand 
4. Predict fertilizer use efficiency 

1. Assess timing of crop uptake 
2. Assess dynamics of soil nutrient 

supply 
3. Recognize timing of weather 

factors 
4. Evaluate logistics of operations 

1. Recognize root-soil dynamics 
2. Manage spatial variability 
3. Fit needs of tillage system 
4. Limit potential off-field 

transport 

The basic scientific principles of 
managing crop nutrients are universal  

Presenter
Presentation Notes
Science can define and has defined universal scientific principles which serve as a guide to practices with the highest probability of supporting the economic, social, and environmental goals of sustainable development. The science-based principles of nutrient cycles, soil fertility, and plant nutrition manifest themselves in specific management practices that vary with climate, soils, access to technology, local economic conditions, and culture. These site-specific local practices comprise the right source, rate, timing and placement of plant nutrients.  

IPNI is using this structure as a framework for training manuals in plant nutrition. The intent is to replace the old chemistry-based structure of learning materials with something more closely related to management practices used in the field.
 



4R adopted by  
the fertilizer industry 

Adopted by NRCS 

Promoted by international 
ag agencies (FAO, IFA) 



How to select the Right Rate? 

5-yr study 
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http://www.cdfa.ca.gov/is/docs/Rains97.pdf 

Assessing residual 
soil nitrate? 
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http://www.cdfa.ca.gov/is/docs/Rains97.pdf


Dealing with spatial variability: WHY? 

P. Brown, UCD 

Whole Field Average N Demand = 150 lb N/A 



Right Place: 
 
Where are the roots? 

How to manage 200 to 300 lb N/A 
 
for a crop with a 6-inch rooting depth? 

How to manage 200 to 300 lb N/A 
 
for a crop with a 4-foot rooting depth? 



Right Time? 
     Grape Phenology & Nutrient Uptake 

General Nitrogen Requirement of Grapevine 

YARA 

Dormant Bud Burst Flowering Veraison Berry Fill Post Harvest 
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Presentation Notes
YARA Grape manual



Right Source? 
N Source and Nitrous Oxide Emissions 
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Agrium  ESN research update.  2011.  University of Georgia



Water Management is Key to Nitrogen Management 



Water and nutrients must be carefully managed to  
avoid over-irrigation and poor nutrient application 

30cm 

300L/100m/hr (0.4 gpm/100ft) 
15,000 L/ha/hour 

Presenter
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Pictures from Eric Simmone, Univ. Florida



Don’t forget other interactions! 

Nitrogen fertilization is only one of many factors 
that must be managed to meet goals: 
 

Economic 
Environmental 
Social 

A few examples… 
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Schlegel et al. 1996. J. Prod. Agric. 9:114-118. 

Data are from 30th year of a long-term, irrigated study in Kansas 
 

(N: 161 lb/acre, P: 40 lb P2O5/acre, or both combined) 
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to nutrient recommendations 

139 ppm K 

80 ppm K 
205 lb N/acre 

optimum 

294 lb N/acre 
optimum 

Johnson et al. 1997. Better Crops 97:3-5. 



4R Nutrient Stewardship 
• Right Source, Right Rate, Right Time & Right Place 

– Linking practices to science for sustainability performance 
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 The fertilizer industry’s nutrient stewardship concept links management of plant nutrition to sustainability.

The 4R nutrient stewardship concept is being developed because sustainable agricultural production is important, and we need to ensure that fertilizer use contributes to it. The fertilizer rights—source, rate, time, and place—are connected to the goals of sustainable development. 

The connection between the practices and the benefits must be understood well, not only by crop producers and their advisers, but also by those who purchase the products of cropping systems and those who live in the environment impacted by those systems. Programs involving payments to farmers for ecological goods and services—for example, carbon offsets related to greenhouse gas mitigation, loading reductions for water quality credit trading, etc.—depend on a clear public understanding of these linkages and a common language and vocabulary relating to fertilizer management.

The 4R nutrient stewardship concept defines the right source, rate, time, and place for fertilizer application as those producing the economic, social, and environmental outcomes desired by all stakeholders to the plant ecosystem.




ACTION 
Change in practice 

Farm Level 
Producers, Crop 
advisers, Dealers 

DECISION  
Accept, revise, or reject 

EVALUATION of OUTCOME   
Cropping System  

Sustainability Performance 

4R Plant Nutrition – Decision Cycle 

OUTPUT  
Recommendation of right source, 

rate, time, and place (BMPs) 

Regional Level 
Agronomic 
scientists 

DECISION SUPPORT based 
on scientific principles 

Policy Level 
  

LOCAL SITE 
FACTORS 

•Climate 
•Policies 
•Land tenure 
•Technologies 
•Financing  
•Prices 
•Logistics 
•Management 
•Weather 
•Soil 
•Crop demand 
•Potential losses 
•Ecosystem 
vulnerability 
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This diagram illustrate the decision cycle at three levels: farm, regional and policy. It includes all the principles of 4R plant nutrition – local site-specificity, and evaluating the right source, rate, time and place by impact on sustainability indicators chosen by stakeholders. 

One difficulty at the farm level is that the economic indicators tend to overwhelm all others. A farmer will not continue to farm if the economics fail. A protocol is a tool to transform social and environmental goals into economic benefit to the producer, bringing producer goals into alignment with those of stakeholders. 





How to Reach the 80,000 Farmers? 
Certified Crop Advisor 

 



What Does The 4R Strategy Offer? 

• Source, rate, time, and place “right” goals for sustainable production 
 

• Checklist for proper nutrient management and opportunities to improve 
 

• Balance the 4 “rights” to achieve appropriate performance indicators 
 

• Involves academics, industry, and regulators 
 

• Clear and simple communication 



Who decides  
What Is RIGHT? 
 
 
• “a team of farmers, researchers,  
•regulators, extension staff and agribusiness professionals.” -??? 
 
• An ethical question, more than scientific 
 
• Input from ALL stakeholders on Performance Indicators, Benchmarks, 
Targets  
 
Farmer (land manager) selects the PRACTICE 
 
Dynamic site-specific decision on source, rate, time and place 
Decision support for highest probability of performance  
Adaptive management 
 



The four fertilizer rights: placement 
Scott Murrell (IPNI),Tony Vyn (Purdue), Guy Lafond (AAFC),  
Dave Finlayson (CFI),  

1500 quizzes 
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A highly successful initiative conducted in 2009 on 4R Nutrient Stewardship was the coordination and co-authoring of a series of five articles in the American Society of Agronomy’s serial publication, Crops & Soils, which is mailed to 13,000 plus Certified Crop Advisers (CCAs). IPNI staff were lead authors and each was worth one continuing education credit for crop advisers, provided they successfully completed an on-line quiz. As of March 1, 1500 quizzes had been taken, representing over 10% of all CCAs. TFI and CFI were sponsors of the series. 

A similar series of articles was published by the Amer Soc Horticultural Science in 2011 (Hort Technology… copies available on request)



nutrientstewardship.com 
 

ipni.net 

more information about  
4R nutrient stewardship:  
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