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Presentation Notes
Know Your Fertilizer Rights - The 4R Nutrient Stewardship Concept

This webinar describes a new, innovative approach to best management practices (BMPs) for fertilizer. The approach is 4R nutrient stewardship: ensuring the Right Source (or product) is applied at the Right Rate, Right Time, and Right Place. This simple concept can help farmers and the public understand how the right management practices for fertilizer contribute to sustainability for agriculture. Getting practices “right” depends on important roles played by many partners including farmers, crop advisers, scientists, policymakers, consumers, and the general public.

I would like to acknowledge, for their ideas relating to this presentation, arising from several other projects underway: 
Bill Herz, TFI; Jerry Lemunyon, USDA-NRCS; - co-authors on an educational article coming up in Crops & Soils magazine;�Paul Fixen, IPNI; Patrick Heffer, IFA; Doug Beever, Agrium  - and others, who are developing an IFA-led position paper on a Global Nutrient Stewardship Framework;
And my colleagues in an IPNI Workgroup on BMPs and NUE, who have developed a concept paper on fertilizer BMPs and are working toward new training materials based on the concept of the four rights.
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IPNI MISSION

“to develop and promote scientific information about the responsible
management of plant nutrition for the benefit of the human family.”
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Our Institute is supported by primary producers of plant nutrients, and our mission is to develop and promote scientific information about management of plant nutrition for the benefit of the human family.


SUSTAINABILITY ISSUES RELATED TO

FERTILIZER USE

Food and nutrition security
Employment

Soil fertility

Cadmium in soil

Eutrophication

Non-renewable resources
Greenhouse gas emissions
Stratospheric ozone depletion (N,O)
Air quality: ammonia, smog

Water quality: nitrate, algae

Public perception
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Sustainability
The increasing number and importance of issues surrounding the management of crop nutrients makes it necessary to have an approach that clearly describes the practices and their impacts. On the one hand, nutrient applications increase yields of crops, nourishing the world while sparing land for other uses and increasing the return of organic carbon to the soil, thereby sequestering a greenhouse gas. On the other hand, unmanaged
nutrient applications may increase nutrient losses, potentially degrading water and air quality in a number of ways and possibly increasing greenhouse gases. Fertilizer use also has longer-term and larger-scale impacts
on soil productivity and the social and economic structure of rural areas. These issues are all part of sustainable development.


()

SUSTAINABILITY GOALS

Social

« Produce nutritious, abundant
and affordable food

*« Support programs for strong
and caring communities

- Help meet global food needs

- Provide ongoing employment
opportunities in agriculture and
related industries

Environmental

» Sustain or improve soil quality

- Maintain nutrient levels within
natural ecosystems

+ Preserve wildlife habitat

Economic

+ Produce revenue to sustain farm
operations

+ Preserve quality of life

+ Make the most of dollars spent on
fertilizer

i
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Internationally, sustainable development is recognized to consist of three nonnegotiable elements: economic, social, and environmental. Progress in each of those three areas is essential to sustainability. How the progress will be achieved requires input from stakeholders. For fertilizer use to be sustainable, it must support cropping systems that provide economic, social, and environmental benefits.

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.


AR NUTRIENT STEWARDSHIP

e Right Source, Right Rate, Right Time & Right Place

— Linking practices to science for sustainability performance

ENVIRONMENT,

Source Rate

@PN[
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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.



WHO DECIDES WHAT’S RIGHT?

e “ateam of farmers, researchers, natural resource managers,
extension staff and agribusiness professionals.” - ???

e Input from ALL stakeholders on PERFORMANCE:

— Indicators
— Benchmarks

— Targets
e Farmer (land manager) selects the PRACTICE

— Dynamic site-specific decision on source, rate, time and place

— Decision support for highest probability of performance

Y
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The traditional answer to “Who decides what qualifies as a best management practice?” went something like “a team of farmers, researchers, natural resource managers, extension staff and agribusiness professionals.” Today there is still no doubt that the expertise of all these people is important to determining the right management on a practical basis. A sustainability-focused approach, however, is more comprehensive and includes input from all stakeholders in determining the indicators, measures, benchmarks and targets for performance of the management practices implemented. So what’s right is determined by how these people want the cropping system to perform. 

Stakeholders of cropping systems include the people who consume its products and the people living in the environment it impacts. The perspectives of all these stakeholders must be reflected in the economic, social and environmental goals that are set for the cropping system. Fertilizer management, to be considered “right,” must support those goals. All stakeholders have input to the goals. However, the farmer—the manager of the land—is the final decision-maker in selecting the practices suited to the local site-specific soil, weather, and crop production conditions that have the highest probability of meeting the goals. Because all these conditions can influence the decision on the practice selected, right up to and including the day of implementation, local decision-making performs better than a regulatory approach. 



Fertilizer BMPs —

Best Management for Fertilizers on
Northeastern Dairy Farms

By Tom W. Bruulsema and Quirine Ketterings

In the past 10 years, many dairy farms in the humid temperate zone of northeastern North
America have implemented best management practices [BMP:) for manure and fertilizer to ad-
dress concerns about nutrient buildup in soils and nutrient losses that can impact water and
air quality. Thiz Introductory Guide focuses on fertilizer BMPs: applying the right source at the
right rate, at the right time, and in the right place.

()n dairy farms, large amounts of nutrients can he
removed from the field in the harvest of forages.
Nutrients are returned with manure and/or fertilizer
applications, and for legumes, alzo through N fixa-
tion. If the amount of nutrients applied exceeds erop
nutrient removal, the difference will either be lost to
the environment or aceumulate in the soil. In the hu-
mid temperate zone of northeastern North America.
carryover of inorganic N from one year to the next
ranges from small to sporadic and rigk of harm to the
environment inereazes when surplus inorganic N re-
mains in the soil at the end of the growing season.
Surplus P and K most often contribute to an increase
in =oil test levels.

While dairy farming is associated with increages in
soil test P levels over time, not all farm fields test
above the agronomie optimum. The proportion of
soils deficient in P in northeastern North America
ranges from 10 to 20% in Delaware and Pennzylva-
nia to about 50% in Quebec, New York, and Virginia
(Ketterings et al.. 2005a; PPL 2006). Soil testing al-
lows a farmer to determine if nutrient additions are
needed and is therefore among the most important
BMPs for fertilizer management.

Losses of N entail risks to groundwater quality and
may also contribute to water quality issues in estuar-
ies where fresh water meets salt water. Loszes of P
may result in eutrophication of fresh waters, leading
to algal blooms and impaired water quality in local
water sources.

Fertilizer management influences greenhouse gas
emissions as well. Nitrogen fertilizer manufacture
emits carbon dioxide, and adding N to soils can in-
crease emissions of nitrous oxide. On the other hand,

Large amounts of nutrients cycle on dairy farms.

appropriate N fertilizer use boosts crop absorption of
carbon dioxide, and influences soil carbon storage.
Applying the right source of nutrient with the right
rate, timing and placement iz cm‘rently the best that
can be done to assure the minimum net emission per
unit of crop production (Snyder et al., 2007).

For reliable fertilizer management recommendations,
extensive research needs to be conducted for mul-
tiple vears, on local soils, under local management,
and under local weather conditions. This type of re-
search iz usually done at universities and research
institutions. For state-specific fertilizer application
rates, we refer to the local land grant university. How-
ever, common principles apply for dairy farms across
northeastern North America. In the following pages
we describe general BMPsthat ensure the right source
is applied at the right rate, at the right time and in the
right place. “Right™ is defined as contributing to the
cropping system’s productivity. profitability, and sus-
tainability while minimizing any harmful impact on
the surrounding environment (IPNI, 2008).
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Appendix 1. Best Management for Fertilizers on Northe

Practice

| Best

| Making Progress

RIGHT SOURCE

_" - 1. Credit nuirients frorm manure | Analyze fer total and avail- Occasional or partial analysis
- Al and composts able nutrients
o— | 2. Credit N from previous crops Adljust M rates based on Reduce corn N rates when fo

101 JUAWAGRURIY 1999 197

I

research data for credits from
previous crops, particul arly
legume hay or sod

lowing alfalfa

F. Choate a fertilizer nutrient
source ta suit the crop, soil, and
mlacement

Source chasen to SUit ap-
plication method , blend
compatibility, crop needs and
sensitivities, and price

Compare anhydrous ammoni
urea, ursa-armmaonium nitrate,
ammonium sulfate, and am-
reniurm nitrate for price

4. Aszers wse of enhanced-effi-
ciency M sources

Use controlled-release N or
inhikitors to match M release
to crop N meeds where split
appliicatemn is impractical

Partial use of controlled-releas
sources or inhibitors

RIGHT RATE

5. Measure soil nutrient supply

Soil analysis for pH, 7 K, and
other nutrients every 2 to 3
years

Most soils amalyzed within pa:
5 years

&. Maintain soil pH

Lirne applied in fall whenewer
required

Lime applied occasionally

7. Calculate nutrient remcval and
palance

Calculated from measured
yield and nutrient content

Bazed on estimated yield's anc
nutrient content

&. Determine crop yield potential
and nutrient gemand

Measured vields from at least
5 past years

Measured yields from at feast
past years

& Estimate rmost economic rates
at current prices

Uze a calculater based on
regional crop response data

Use a generalized calculator
based on price ratios

10. End-of-season evaluation for
appropriate M rates

Use late season cornstalk
nitrate test or soil nitrate test

Monitored occasionally

RIGHT TIME

11. Aszess split application to
match crop nutrient wptake

Spiit applications used wher-
ever practical

Partial use of split applications

12. Crop scouting and plant
analysis

Done regularly and system-
atically for each fisld

Occasionally done to diagnos
problem areas

13. Manage cover crop for opti-
mum nutrientrelease tming

Cover crop killed at optimum
time far yield of following
crop

LCover crop killed in fall

14, Assess optimum timing to suit
tillage system

Fertilizer applications with
conservation tillage or plant-
ing

Fertilizers applied before cons
wation tillage or planting

RIGHT FLACE

15. Caliprate equipment for accu-
rate metering and placerment

Maintain and test application
equipment annuaily

Equipment wel maintained

16. Assess possibiliies for with-
ieed and band placement

Banded or with-seed starter
uie based on soil vest

Banding or with-seed starter f
J0ME Crops

Abbreviations and notes for this article: N = nitregen; P = phosphorus; K = potassiurn; € = carbon.

17. Management zores for vari-
able rate application

Management zenes barced
on multipleyear yield data

Zones delineated by expectec
productivigy

This publication is one of a series pmpuud by cooperators with the staff of the Intemational Flant Nutrition Instinite (IFNI). It is part of a
project in with the Foundation for A i R b (FAR) toward fulfilling the geals of a 3-year Conservation Innovation Grant
{CIG 68-3A75-5-166) from the USDA-Natural Resources Conservation Servioe to identify fertilizer best management practices (BMPe). The
intent of this publicationis to help develop the BMF definition process in such a way that emvironmental objectives are met without sacrificing

aurrent ar future production or profit potential and in full i aof the newsr technal zelevant to fertilizer use. The concept of
applying the right fexilizer at the “sight zate, sight time., and right place” is a guiding theme in this serics. For additicnsl jan, visit the
webaites: wiw I MCIG and i et Item # 30-3220
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Fertilizer Best Management Practices
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18. Apply soil survey infonmation

Detailed soil survey maps
available and in use for each
field

Soil survey maps used for sory
fields

19. Use risk indices to protect
water quality

Use Nitrate Leaching Index
and Phosphorus Index

Maintain unfertilized buffer of
set wyidth from watercourses

20. Incorpaorate or inject volatile
sources

Manure infected; urea
banded or soikincorporated

Manure incorporated within
one day after application
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For example, a recent BMP guide for dairy-based cropping systems in the Northeast was developed using the input of farmers, agribusiness professionals, land grant university extension and staff of the USDA-NRCS. Performance goals for farm profitability and off-farm impact on water quality were the foremost considerations of this body of experts, based on input from experience with environmental agencies, public interest groups and policymakers.  The BMP guide they developed listed 20 general practices under the categories of right source, rate, time and place (Bruulsema and Ketterings, 2008). 

This Guide was prepared by Tom Bruulsema (IPNI) with reviews by Kristen Bossard (Oneida County Soil and Water Conservation District) and Michael Hunter (Cornell Cooperative Extension of Jefferson County), and Quirine Ketterings (Cornell University). 
This document reflects input received through a series of team meetings with producers, agri-business and extension staff. This project discussion team consisted, in addition to the individuals listed above, of the following individuals:
Brian Boerman, Agricultural Consulting Services, Inc. 
Shawn Bossard, Cornell Cooperative Extension of Seneca County
Tibor Horvath, USDA-NRCS-NY (joined USDA-NRCS-SC as Conservation Agronomist in January 2008)
Bill Kilcer, Wyndswept Dairy
Rick Neuman, Oneida County Soil and Water Conservation District 
Jon Patterson, Patterson Farms, Inc.
Craig Phelps, Edgewood Farms
Scott Potter, consultant & producer
Paul Salon, USDA-NRCS-NY
Bruce Tillapaugh, Cornell Cooperative Extension of Wyoming County (retired July, 2008)
Funding for this effort was provided through a Conservation Innovation Grant from the USDA-NRCS as part of Project Number 68-3A75-5-166.
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WHAT DOES THE 4R STRATEGY OFFER?

e Source, rate, time and place “right” for goals of sustainable
production.

e Checklist for proper fertilization practices and opportunities to
improve

e Balance of effort among the 4 “rights”
e Fertilizer industry: delivery and distribution role

e Clear simple public communication.
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What does it mean to apply the “right source at right rate, right time, and right place?”
The phrase implies that each fertilizer management practice or group of practices be right—effective—in terms of the goals of sustainable production. 

Also for every fertilizer application, it provides a simple checklist to assess whether a given crop has been fertilizer properly. To ensure sound agronomy the manager asks, “Am I using every tool available to choose the right product, to predict its right rate, to apply it at the right time, and to place it where it’s most effective for my crop, my soil conditions, and my weather?” It helps farmers and advisers to identify opportunities for improvement in fertilizing each specific crop in each specific field. Grouping specific practices associated with fertilizer management under the headings of source, rate, time, and place helps ensure that no critical steps in fertilizer management are overlooked. In that way they are valuable to the farmer and the crop adviser. 

A balance of effort among the four rights is appropriate. It helps avoid too much emphasis on one at the expense of overlooking the others. Rate may sometimes be overemphasized, owing to its direct relation to cost. Source, time and place are more frequently overlooked and hold opportunity for improving return to fertilizer investment as well as helping to minimize losses that may pose risks to the environment.

The phrase also clearly describes to the fertilizer industry that farmers have specific requirements for the delivery and distribution of the right nutrient forms suited to their application equipment, in the right amounts to support the right rate, at the right time, and to the right place. Meeting these requirements is the challenge of logistics for delivery and distribution.

The four headings also help farmers, crop advisers and agronomic scientists to clearly communicate to stakeholders beyond those working directly in agriculture.



o

ARS — INDEPENDENT OR CONNECTED?

e Completely interconnected
* None can be right when one is wrong
e More than one right combination? — possible

e Example for corn:
— Controlled-release N — pre-plant incorporated

— Soluble N source — split application, banded and injected

e Linked to crop management

)
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Are the 4 “rights” independent or interconnected?

The four aspects of fertilizer management — source, rate, time, and place — are completely interconnected, and also linked to the full set of management practices for the cropping system. 
None of the four can be right when any one of them is wrong. It is possible that for a given situation there is more than one right combination of source, rate, timing, or placement, but when one of the four changes the others may as well. 

For example, it may be true for certain farms in a certain region that a single application of a controlled-release source of nitrogen (N) is equal in costs and benefits to a split application of a soluble N source. The two sources would obviously differ in the “right” time of application. They would be equally right if they achieved the same performance from the cropping system at the same cost. However, in many practical situations, one combination may be preferred over another because of a better fit with the logistics of the operation, or with the range of weather risks to which each might be susceptible.

The four “rights” must work in synchrony with each other and with the surrounding plant-soil-climate and management environment. One change of step or direction may cause the entire system of nutrient management to fall short of its intended goal.

The combination of source, rate, time, and place changes depending on the crop management system as well. For example, a broadcast fertilizer application incorporated before planting may suit a corn-soybean rotation with tillage, but a band application and injection may be needed under no-till management. So the right source, rate, time, and place are interconnected, not independent, and are linked strongly to crop management and to local site-specific soil, weather, and climate conditions.
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SCIENTIFIC PRINCIPLES

e General
— Physics, chemistry, biology
— Soil fertility and plant nutrition
— Fundamental processes
— System performance
e Specific

— source, rate, time and place

)
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What scientific principles apply?

The sciences of physics, chemistry and biology are fundamental to the mineral nutrition of plants growing in soils. The application of these sciences to practical management of plant nutrition has led to development of scientific disciplines of soil fertility and plant nutrition. Each of the four categories of source, rate, time and place has unique science describing fundamental processes. Science also studies and describes whole systems. Both levels of science are relevant, because there are gaps in the knowledge of the fundamental processes, and crop production systems or plant ecosystems are complex, and can respond in unanticipated ways to the application of nutrients. So the science backing a particular practice needs to include both that which documents how the practice works at the basic level, and that which measures the outcome in terms of changes in performance of the cropping system in which fertilizers are applied. 

Specific scientific principles guide the development of practices determining right source, rate, time and place. A few of the key principles include the following. These and other important principles of plant nutrition will be described in more detail in the next four titles in this series.



SCIENTIFIC PRINCIPLES: RIGHT SOURCE

e Ensure a balanced supply of essential nutrients.

e Supply plant-available forms.

e Suit soil physical and chemical properties.

e Recognize:
— synergisms among nutrient elements and sources;
— blend compatibility;

— associated nutritive or non-nutritive elements.

Nutrient core

Polymer coating
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Fertilizer Source. The following principles apply to the recommendation and selection of nutrient sources for crop production. These principles apply to composts and manures as well as to fertilizer products. 
Ensuring a balanced supply of essential nutrients. An essential element is defined as one in whose absence the plant cannot complete its life cycle. Science has demonstrated this for 17 elements for all plants, and a few more that are essential for only some species.
Supplying plant-available forms. Science has shown that mineral nutrients are taken up into plant roots in water-soluble forms. Thus the nutrient applied should either be water-soluble, or release a water-soluble form in time for plant uptake needs.
Soil physical and chemical properties. Soil properties including texture, cation exchange capacity, porosity, water-holding capacity, pH, and mineralogy have been demonstrated by science to cause different fates for nutrients in different sources. Examples of site-specific differences include losses of N when nitrate is applied to flooded soils, or when urea is left on the surface of high pH soils, etc.
Synergisms among nutrient elements and sources. Science has shown that applying P reduces zinc availability, that the ammonium form of N increases P availability, that calcium and magnesium antagonize K uptake, and that fertilizer sources can complement manure sources, etc.
Blend compatibility. Hygroscopic properties change depending on the specific fertilizer sources used in a blend. Certain combinations of sources attract moisture when mixed, limiting uniformity of application. Another property of source is  granule size, which should be consistent among sources in blends to avoid product segregation.
Associated elements. Recognize benefits and sensitivities to associated elements. Most nutrients have an accompanying ion that may be beneficial, neutral or detrimental to the crop. For example, the chloride accompanying K in muriate of potash is beneficial to corn and wheat, but can be detrimental to the quality of tobacco and some fruits. Some sources of P fertilizer may contain plant-available Ca and S, and small amounts of Mg and micronutrients. Control effects of non-nutritive elements. For example, natural deposits of phosphate rock are enriched in several metals, including cadmium. The level of addition of these elements should be kept within acceptable thresholds.
 


SCIENTIFIC PRINCIPLES: RIGHT RATE
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Fertilizer Rate. The overall scientific principle is that the total amount of nutrient available to a crop should equal its requirement. Since there are many sources of nutrients and many factors influencing their availability and the crop’s demand for them, there are many more specific principles that govern the process of estimating the right rate. 
Assessing soil nutrient supply. The principle is that the soil serves as a reservoir for nutrients, and supplies a proportion of crop requirements. In practice, the amount the soil is capable of supplying can be estimated in many ways appropriate to site-specific factors, including soil analysis, plant analysis, and response experiments.
Assessing all available indigenous nutrient sources. The principle is that nutrients may be contained in many other materials available on or near a given farm. Local assessment of the quantity and plant availability of nutrients in manures, composts, biosolids, crop residues, and irrigation water need to be accounted for in recommended fertilizer rates.
Assessing plant demand. The law of the conservation of mass dictates that crops take up nutrients in proportion to yield. The selection of a realistic attainable yield target and its variability within and among fields and from season to season thus provides important guidance on the estimation of total crop nutrient demand.
Predicting fertilizer use efficiency. Science shows that full recovery of an applied nutrient in the year of application is rare, and that the proportion recovered can be predicted based on site-specific crop management conditions. To meet plant demand, recovery efficiency must be considered in the rate recommendation. 
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SCIENTIFIC PRINCIPLES: RIGHT TIME

e Match timing of crop uptake.

e Assess dynamics of soil nutrient supply.

e Recognize timing of weather factors influencing nutrient loss.

e Evaluate logistics of field operations.

Theoretical Release
Curve
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Fertilizer Timing. A principle of plant nutrition is that the timing of nutrient supply should be matched to the timing of plant demand, to the extent practical.
Assessing timing of crop uptake. The science of plant nutrition has identified nutrient uptake patterns and period of sensitivities to deficiencies for specific crops. Fertilizer nutrients should be applied to match these seasonal patterns, which depend on site-specific factors including planting date, crop species, weather, sensitivity to deficiencies at particular growth stages, etc. For some crops this may include in-season nutrient adjustment by rapid plant diagnosis; for example, nitrogen application during rice growing stage using a chlorophyll meter or leaf color chart.
Assessing dynamics of soil nutrient supply. The science of soil biology and biochemistry has identified the factors that control the mineralization of soil organic matter and its nutrient release. These factors include temperature, moisture, and the size and C:N ratios of various fractions of soil organic matter. Complexity of these factors makes it necessary to estimate soil nutrient supply on a site-specific basis, often by measuring nutrient uptake of a specific crop in the absence of applied nutrients. 
Recognize timing of weather factors influencing nutrient loss. The sciences of soil physics and soil chemistry have developed principles of nutrient transformation and transport that govern the fate of nutrients in the soil. These principles can help identify application timing to minimize losses. For example, in temperate regions, leaching losses tend to be more frequent in the early spring and late fall. Application timing that minimizes nutrient concentrations during these periods may improve nutrient use efficiency.
Logistics of field operations. An important operational principle for management is simplicity. A management system depending on a number of nutrient applications made just-in-time may be more vulnerable to weather-induced risks than one with a single application. Combining nutrient applications with other crop protection products may improve simplicity and operational economics. Application timings that interfere less with other time-sensitive operations (such as planting) reduce risks of yield-reducing delays. These operational considerations need to be balanced with respect to the previous three principles, based on analysis of costs and benefits measured in local applied field research. 


SCIENTIFIC PRINCIPLES: RIGHT PLACE

e Recognize root-soil dynamics.

e Manage spatial variability.

e Limit potential off-field transport of nutrients.

‘2 x 2" Starter

In-furrow

Surface band

Deep Banding

Fertilizer
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Fertilizer Placement. Principles of soil fertility and plant nutrition govern the placement of nutrients for optimum plant availability.
Root-soil dynamics. The sciences of plant genetics, plant physiology and plant ecology have described how roots of different crops explore soil and how they respond to zones of nutrient enrichment and depletion. Placement needs to ensure nutrients are intercepted as needed. A specific example is the strong response of corn grown in cool, short-growing-season environments to band placement and/or seed placement of P fertilizer. Avoid detrimental effects on plant roots, leaves and seedlings. Plants have physiological limits to the concentrations of fertilizer salts and specific compounds they can tolerate. For example, amounts placed near seedlings in a band need to be kept within safe limits, recognizing ammonia and/or biuret content and overall salt index of the fertilizer source. Since the concentrations that plants are exposed to depends on site-specific factors including precipitation-evapotranspiration balance and soil water-holding capacity, recommendations should be based on local field research.
Manage spatial variability within and among fields. The science of soil formation (pedogenesis) describes how soil horizons (layers) vary with position in the landscape and how the physical properties of these layers influence their management. Soils within fields vary in nutrient supplying capacity, nutrient loss potential, and potential crop yield. Cost-effectiveness of variable-rate application of fertilizers should be considered. 
Limit potential off-field transport of nutrients. Soil and hydrological sciences have developed principles governing the transport of nutrients from farm fields. Since the transport is also controlled by unpredictable factors including precipitation, the models of such transport are complex. Nevertheless, research continues to develop and refine indexes of risk of nutrient losses, particularly for N and P. Site-specific identification of fields and field areas most prone to surface runoff or drainage discharge may be required to keep nutrient losses in surface runoff and drainage water within acceptable limits.
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PERFORMANCE

e OQutcome of implementing practice

e Fertilizer performance expressed through crop or plant
production system

* Includes yield, quality, profit and more
e Long-term soil fertility and productivity

e Nutrient losses to water & air

e Not all measurable — may need indexes and models
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What is performance?
Performance is the outcome of implementing a practice. The impacts of fertilizer management are expressed in the performance of the cropping systems or soil–plant–air ecosystems in which they are applied. Performance includes the increase in yield, quality, and profit resulting from a fertilizer application and extends to long-term effects on soil fertility levels and on losses of nutrients to water and air. It also includes impacts on the regional economy and social conditions—for example, affordable food. Not all aspects of performance can be measured on each farm, but all should be assessed. Planning indexes and computer models may be used for these assessments but need to be acceptable to stakeholders.


S
PERFORMANCE ASSESSMENT
e Measures and indicators

* Principles validated by research

e Practices evaluated by stakeholder-selected indicators

)
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How is performance assessed in implementing the 4 Rs?

Performance is assessed through measures and indicators. It relates to all outcomes considered important to stakeholders (farmers, agribusiness, consumers, and the general public). 

Performance measures are detailed measurements of the actual outcome of the implementation of a particular management practice to a particular cropping system. They can be very expensive and difficult to do. Performance measurements are done primarily by research agronomists and are used to validate management practices, often in a controlled field context designed to extrapolate to a large number of practical farm crop situations. An example may be a field trial on an experiment station in which two or more practices are compared and where measurements include crop yields, nutrient uptake, losses of ammonia and nitrous oxide to the air, losses of nutrients in runoff and drainage water, etc. The 4R concept helps guide research and extension toward validation of practices most relevant to achieving the economic, social, and environmental outcomes that stakeholders consider important.

Performance indicators are simpler measures that can be done on actual farms. Stakeholders need to agree that they reflect their aspirations for performance and that the indicators correlate well to actual measurements. For example, where soil erosion is a major issue and a large source of nutrient loss, an indicator measuring crop residues covering the soil at critical times may be suitable.


o

PERFORMANCE:
MEASURES AND INDICATORS FOR FERTILIZER MANAGEMENT

e Adoption e Quality

e Biodiversity e Return on Investment
e Ecosystem Services e Soil Erosion

e Energy Use Efficiency e Soil Productivity

e Farm Income e Yield

e Labor Use Efficiency e Yield Stability

e Net Profit e Water & Air Quality

e Nutrient Budget e \Water Use Efficiency
e Nutrient Loss e Working conditions

e Nutrient Use Efficiency
STAKEHOLDER INPUT REQUIRED!
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Performance indicators are simpler measures that can be done on actual farms. Stakeholders need to agree that they reflect their aspirations for performance, and that the indicators correlate well to actual measurements. For example, where soil erosion is a major issue and a large source of nutrient loss, an indicator measuring crop residues covering the soil at critical times may be suitable.

Since fertilizer applications have multiple impacts, no single measure or indicator provides a complete reflection of performance. Neither can all possible impacts be measured. Stakeholders need to select the performance measures and indicators that relate to the issues of greatest concern. A partial list of indicators from which they can select follows in Table 1. It is important to recognize that none of these is affected by fertilizer management alone. All can be improved by applying 4R nutrient stewardship, but they also depend on sound management of all practices applied to the cropping system or plant ecosystem. For instance, a good fertilizer program for turfgrass will not assure erosion control if clipping management, or species selection, is inappropriate. 

Crop managers or crop advisers cannot select the most important performance indicator on their own. Stakeholder input is required to select performance indicators representing progress on the goals considered important by all. It is often assumed that nutrient use efficiency is the most important indicator of performance for fertilizer use. This is not the case. Fertilizers are applied to increase the overall performance of the cropping system. Nutrient use efficiency is only one aspect of that performance, as indicated in Table 1. Nutrient use efficiency has many definitions, reflecting nutrient recovery, nutrient balance, or yield in relation to nutrients applied. Each provide unique indications of potential for improvement of fertilizer management, but none provide a full representation of impact on overall performance. 
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Let’s put it all together. What a crop adviser begins with is a recommendation of the right source, rate, time and place. It’s an output of applied agronomic research, hopefully science-based. Hopefully the research agronomists have considered site-specific factors such as soil and climate, and done so thoroughly. The producer and the adviser then work together on a DECISION – accept, revise or reject the recommendation. The decision is based on even more detailed and time-specific consideration of local conditions – changing weather, equipment availability and breakdown. Hopefully, the producer and adviser evaluate the outcome: the effect of the decision on the performance of the cropping system – and here performance is assessed in terms of the indicators the stakeholders consider important. Research agronomists should also be watchful of performance at the farm level – using the same indicators of performance. It’s important to note that fertilizer decisions are related to cropping system performance. Fertilizer’s role in sustainability is expressed through its effects on cropping system performance.

Farmers, or crop managers, need to be the ones making final decisions on management practices, because practices are specific to dynamic site conditions. Research and science develop support for these decisions, integrating the local site factors as best possible. Regulations should encourage desired outcomes, rather than specify particular practices across broad regions. 

USEPA News, June 2009:  County on Long Island Enacts Nitrogen Fertilizer Law: Applying nitrogen fertilizer during winter months is now illegal in Suffolk County, New York. This 912-square mile county at the end of Long Island is home to 1.5 million people, most of whom are dependent upon local groundwater supplies for their drinking water. Mounting evidence of nitrogen pollution in groundwater water supplies as well as problems with nitrogen-fueled eutrophication in nearby estuaries prompted county legislators to pass a law in December 2007. Effective beginning January 2009, the law prohibits application of both organic and inorganic fertilizer between November 1 and April 1 throughout the county and prohibits application of nitrogen on county owned properties year-round. It also includes an educational component for consumers and businesses, helping to ensure compliance with the legislation…


COMMENTS & DISCUSSION

ENVIRONMENT,,

Source Rate




PERFORMANCE INDICATOR EXAMPLES



Ontario Crop Nitrogen Balance
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Figure 1. Estimate of historical crop nitrogen balance for Ontario agriculture, 1930-2003.

Based on total N in manure as-excreted.
Losses are significant.
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Prhosphorus Balance Trends on Agricultural
Soils of the Lake Erie Drainage Basin

By Laura Bast. Robert Mullen, Ivan O’Halloran. Darryl Warncke, and Tom Bruulsema
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Only a few decades ago, optimum plant nutrition involved applying more P than crops removed. In recent years, applications have come much closer to balancing removals. This trend has positive implications for both crop productivity and water quality.    
Agriculture is one of the sources of P that feeds into Lake Erie. Reductions in total P loading since the 1960s have improved water quality in the lake, but in the past ten years a rebound in loading of dissolved reactive P has raised new concerns (Baker, 2008). 
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The agricultural P balance trend is a useful performance indicator for crop management practices, since it reflects changes in crop productivity as well as surplus P potentially liable to contaminate water. On the other hand, the P balance does not indicate uniformity of distribution. It is possible that soil P levels in some areas have increased to the point of elevated
risk of water contamination, while in other areas soils receive suboptimal amounts of P. Nutrient management plans encourage the use of best management practices (BMPs) to ensure that manure nutrients are directed to soils with lower nutrient levels and with lower risk of P loss to surface waters. Surveys of soil test P are a useful complement to the nutrient balance indicator.


Indicator of Risk
of Water
Contamination by
Phosphorus
(IROWC-P)

Change in the IROWC_P of watersheds from 1981 to 2006.
E. Van Bochove, AAFC, 2008 W
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Mapping out the spatial aspects of the nutrient balance can also be important.

Mention NuGIS


CREDIT TRADING OPPORTUNITIES

e Greenhouse Gas offsets
e Nitrous Oxide Emission Reduction Protocol

o Water Quality Trading
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SUMMARY — YOUR FERTILIZER RIGHTS

e Crop managers select practices to apply the right source at the
right rate at the right time in the right place, based on decision
support provided by:

— Crop advisers, extension, agronomists, research scientists
— On-farm, station and laboratory research

e to work toward improvements in sustainability using
performance indicators selected by stakeholders including:

— Customers, Residents & Consumers
— Advisers, Agronomists and Resource Managers
— Producers

—i.e., all stakeholders to crop production systems
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In a nutshell, the 4R nutrient stewardship strategy  involves crop producers and their advisers selecting  the right source-rate-time-place combination from practices validated by research conducted by agronomic scientists. Goals for economic, environmental and social progress are set by—and are reflected in performance indicators chosen by—the stakeholders to crop production systems.

A question for you, and all of us, to ponder. Is our participation – ie the fertilizer industry’s 


COMMENTS WELCOME

TOM.BRUULSEMA@IPNI.NET

lPNl INTERNATIONAL PLANT NUTRITION INSTITUTE
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