
THE RESEARCH SOLUTION: 
The simplest and often-favored solution 
to reduce nitrous oxide emissions from 
fertilizer is to establish a mandatory cut 
in fertilizer application rates. Although 
this proposed reduction seems to be 
an easy answer, it would likely fail to 
meet the desired goals for cutting 
greenhouse gas emissions and could 
have devastating impacts on farmer 
production and economic viability. Instead, 
on-farm fertilization based on 4R Nutrient 
Stewardship addresses the selection of the 
most suitable source, rate, time, and place 
combinations for nitrogen. Any proposed 
across-the-board cut in nitrogen fertilizer 
application rates only addresses one of 
these four management factors.
IPNI and The Fertilizer Institute invited 
leading research specialists from across 
North America to a conference designed to 
review field data on the potential impacts 
of 4R fertilizer management. Support 
from Fertilizer Canada facilitated the 
participation of leading Canadian scientists, 
with additional financial support provided 
by the 4R Research Fund.

THE RESULTS: 
This first-of-its-kind workshop of nitrogen 
fertilizer specialists was convened and 
tasked with establishing a science-based 
foundation for crediting the reduction in 

nitrous oxide emissions that occurs by 
implementing 4R-based practices.
An expert consensus was achieved 
during the meeting, which defined what 
constitutes “Basic, Intermediate, or 
Advanced” fertilizer management practices 
for 4R Nutrient Stewardship in major corn, 
soybean, and wheat-producing areas of 
North America. 
These recommendations were then coupled 
with the USDA greenhouse gas emissions 
inventory study (Quantifying Greenhouse 
Gas Fluxes in Agriculture and Forestry: 
Methods for Entity-Scale Inventory       ). 
This allows practitioners to 
estimate how 
adoption 
of specific 
4R practices 
can minimize 
nitrous oxide 
emissions from 
fertilizer, based 
on the specific 
characteristics 
of the region, 
soil properties, 
cropping 
system, and 
4R-based nitrogen 
management 
practices. This 
approach greatly 
improves on the 
previous universal estimates of nitrous 
oxide emissions that do not account for 
locally implemented innovation.

This consensus of key researchers made 
it possible to improve the scientific basis 
of the nitrous oxide emission estimates 
used to measure agricultural sustainability 
by the national coalition: Field to Market 
- The Alliance for Sustainable Agriculture 

(www.fieldtomarket.org). This IPNI-led 
effort helped many of this coalition of 
agricultural producers and food supply 

chain members to understand 
that there is 
much more 
to optimizing 
nitrogen 
management 
and reducing 
environmental 
impacts than 
overly simplistic 
and often 
unwarranted 
reductions in 
nitrogen inputs. 
The final IPNI 
report: Suites 
of 4R Nitrogen 
Management 

Practices for Sustainable Crop Production 
and Environmental Protection is available 
here     .
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THE CHALLENGE:

     itrogen fertilizer has been identified  
            as a significant source of agricultural 
greenhouse gas emissions. In particular, 
nitrous oxide is a potent greenhouse gas with 
a heat-trapping potential almost 300 times 
greater than carbon dioxide. A number of 
food sustainability groups, environmental 
advocates, and scientific organizations are 
working to develop a path for reducing 
nitrous oxide emissions.

Suites of 4R Nitrogen Management Practices for 

Sustainable Crop Production and Environmental Protection

Farmers around the world face multiple challenges 

in managing nitrogen (N) inputs for their crops/

cropping systems each growing season. Weather 

uncertainty is among the largest and most difficult 

factors to be considered, but is well beyond a farmer’s 

or crop adviser’s control (SSSA, 2007; Tremblay et al., 

2012). Still, weather uncertainty should be given serious 

consideration in arriving at sound 4R N management 

(right N source, at the right rate, time, and place of 

application; Bruulsema et al., 2009; IPNI, 2012; see 

IPNI history and resources on 4R Nutrient Stewardship 

at http://www.ipni.net/4R) decisions to simultaneously 

provide sustained and increased:

• crop yields

• farmer profitability

• soil fertility and system productivity (e.g., soil 

organic matter and soil organic N)

• reductions in losses of N to the environment via 

o ammonia volatilization 

o leaching/drainage/runoff losses of nitrate-N 

(NO3
--N)

o gaseous emissions of nitrous oxide (N2O) and di-

nitrogen (N2) from wet or waterlogged/saturated 

soils

The return of N2 from soil and water to the atmosphere 

is a natural process and helps explain why our 

atmosphere is 78% non-reactive N2. Yet, excessive 

losses of other N forms (reactive N; Galloway and 

Cowling, 2002; Sutton et al., 2009) to the environment 

can pose serious economic threats to farm profitability, 

and contribute to risks of harmful algae growth or 

water quality contamination, and air quality impairment 

(Compton et al., 2011; Davidson et al., 2012; Sobota 

et al., 2015; Zhang et al., 2015; Davidson et al., 2016).

To identify ways in which U.S. agriculture can optimize 

management of fertilizer N in leading corn, soybean, and 

wheat cropping systems in the U.S., the International 

Plant Nutrition Institute (IPNI) and The Fertilizer 

Institute (TFI; represented by Lara Moody) conducted a 

science coordination and consensus-building workshop 

(hereafter referred to as Workshop) in March 2015. 

Impacts of crop production nitrogen (N) inputs and losses to the environment are a growing 

public concern. A U.S. national N management and nitrous oxide emission science 

workshop, aided by science input from Canada scientists, resulted in seven crop- and 

region-sensitive N management frameworks. Each framework has three tiers or suites of 

4R N management practices to improve economic, social, and environmental outcomes. 

Intelligent implementation of improved 4R suites of N management practices can result 

in greater crop recovery of applied N, sustained and improved soil fertility and health, 

and cleaner water and air; while reducing emissions of nitrous oxide.
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Suites of 4R N Management Practices... page 4
More valuable tools and technologies are accessible to U.S. farmers today than at any time in the past (Snyder et al., 2014; Erickson et al., 2015; Phillips, 2015). Educational resources on 4R Nutrient Stewardship were developed and are being increasingly used to raise farmer (and crop adviser) 4R knowledge (IFA, 2009a b; IPNI, 2012). North American fertilizer industries have voluntarily stepped forward to invest in more research since 2014, to expand the science of 4R Nutrient Stewardship (http://www.ipni.net/article/IPNI-3366). Nutrient use efficiency and effectiveness terms are being advanced by agronomic practitioners and scientists in the U.S. and around the world (Cassman et al., 2002; Doberman, 2007; Snyder and Bruulsema, 2007). Farmers, industry partners and their stakeholder friends are being encouraged to monitor and track nutrient performance over time, by relying on key performance indicators across several years or growing seasons (IPNI Scientists, 2014). 

More 4R N management educational resources are being made available online by IPNI (e.g., http://www.ipni.net/specifics-en, http://www.ipni.net/nitrogennotes). More science reports are making clear that there is no single solution, technology, or action that in and of itself leads to agronomically and environmentally optimized N management (Snyder et al., 2014). Instead, it is through the combined effects of the 4Rs, in the context of the full cropping system management, and combined with other sound soil and water conservation practices, that our greatest gains in improved crop and soil N recovery and environmental N loss reduction are most likely to be accomplished (Hatfield and Venterea, 2014; Smith et al., 2014; Fixen et al., 2015; Venterea et al., 2016). In addition, those 4R practices and their environmental loss impacts are being increasingly recognized as site-specific and Land Resource Region sensitive (see Figure 2 and USDA NRCS, 2006) (Decock, 2014; Eve et al., 2014; Ogle et al., 2014).
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Figure 2. Example illustration of USDA NRCS Land Resource Regions (LRRs) in the U.S.  http://apps.cei.psu.edu/mlra/. Also see LRR 

map of conterminous U.S. by USDA NRCS at: http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_051846.pdf


