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Summary-AbstractFertilizers modify the interactions of plants and soils to increase productivity of agroecosystems. The global input of fertilizers grew rapidly in the latter half of the 20th century, to the point where it has become responsible for nourishing more than half of humanity. Fertilizers play a complex role in the support of agroecosystem sustainability. In alleviating deficiencies and preventing nutrient depletion in soils, they have increased sustainability in comparison to traditional cropping systems that exploited natural soil fertility. On the other hand, being linked to non-renewable resources including fossil fuels and natural deposits of minerals, the current sources of fertilizers are not indefinitely sustainable. Ecological impacts on air and water quality resulting from soil nutrient enrichment also require management. These considerations lead to a new direction for agroecosystems, an ecological intensification which requires crop productivity to continue increasing with increasing nutrient use efficiency. Ecological intensification has several levels of meaning.  First, it means growing more on less land, to preserve natural ecosystems.  Second, it means growing those higher yields with less impact on surrounding ecosystems, meaning minimal losses of sediment, nutrients and agro-chemicals.  But the third and most challenging level is to apply the principles of ecology to enhance cropping system productivity. Ecological and scientific principles apply to crop management in general and to the four “rights” of fertilizer management: applying the right nutrient sources at the right rate, right time and in the right place. Defining “right” in the context of sustainability requires integration of the impacts of fertilizer management practices in economic, social, and environmental dimensions. Appropriate management of fertilizer can have positive impacts on profitability for producers, on maintenance and enhancement of soil carbon with respect to greenhouse gases, and on human health through the supply of safe nutritious food. It must also pay attention to minimizing risks of harm due to eutrophication of aquatic systems and impacts on air quality. The improvement of nutrient use efficiency is an appropriate challenge for plant biologists, but the context of need for simultaneous enhancement of cropping system productivity must be recognized. Definitions of nutrient use efficiency that describe impact on the total agroecosystem differ from those describing the response of a single crop.  



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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Presentation Notes
Our Institute’s mission is to develop and promote scientific information about the responsible management of plant nutrition. Our support comes from 16 member companies, primary producers of NPKS fertilizers. We work collaboratively with many other fertilizer organizations, particularly our affiliate members, including IFA, the international fertilizer industry association. I particularly acknowledge Luc Maene of IFA for a good deal of the information , and several slides, which I will be sharing with you today.



4R Nutrient Stewardship

• Right Source, Rate, Time & Place:
– A means of linking practices to science to sustainability performance

– A means of focusing research in support of practical management
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Presentation Notes
The fertilizer industry’s nutrient stewardship concept links management of plant nutrition to sustainability.



Biogeochemistry - Definitions

• Cornell University: “…study of biological controls on the 
chemistry of the environment and geochemical regulation of 
ecological structure and function…” (similar to the journal 
Biogeochemistry, published since 1984)

• “…study of the cycles of matter and energy that transport the 
Earth's chemical components...”

• History – Vladimir Vernadsky – The Biosphere (1926)
– Abiotic sphere ‐ all the non‐living energy and material processes

– Biosphere ‐ the life processes that live within the abiotic sphere

– Nösphere ‐ the sphere of the cognitive process of man
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I’ve been asked to speak on fertilizer biogeochemistry, and I need to start by making it clear that I’m an agronomist and soil scientist, not a biogeochemist, by training. However, I’ve been struck by the similarities in the processes and cycles encompassed. Biology, geology and chemistry contribute greatly to agronomy and soil science. The difference seems to be mainly one of scale: where agronomists measure in kilograms, the biogeochemist measures in teragrams. A teragram is a million metric tonnes, commonly used in fertilizer industry statistics. So on the global scale, the agronomy of fertilizer use resembles biogeochemistry even more.I looked for definitions of biogeochemistry, and found a range of them. According to Cornell University, and the journal, biogeochemistry is the study of biological controls on the chemistry of the environment and geochemical regulation of ecological structure and function. While it started to gain prominence in the mid-1980s, its roots trace back to the earliest development of the natural sciences. Its history predates the formation of the component scientific disciplines. Some point to a Russian scientist, Vladimir Vernadsky, as the founder of the discipline. In his 1926 book, the Biosphere, he divided the universe into three spheres: abiotic, biotic, and cognitive. It is interesting that the first two spheres currently seem to get the most attention. The third seems to have been neglected in mainstream science, but I hope to show how it becomes very important to the application of science to the adoption o f management practices that improve sustainability.I’m going to use these three spheres as outline. I will start with the cycles of the abiotic fertilizer elements at global and North American levels, look at the impacts and effects on the biotic, and then consider the cognitive developments needed to manage those impacts for the future. We will see that they are highly inter-related.



Abiotic Sphere
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First the abiotic sphere. Here we look at the global production of the fertilizer elements.



World Fertilizer Consumption
Historical and Projected

Tenkorang & 
Lowenberg-

DeBoer, 
2009.
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N

P2O5

K2O

Presenter
Presentation Notes
Globally, fertilizer use is on an increasing trend, as shown by these IFA statistics. Units are million tonnes, equivalent to teragrams. There was a temporary exception to the increasing trend, associated with the changes in the former Soviet Union in the late 1980s and early 1990s, but it is forecast to continue. The projections, from a recent paper by Tenkorang and Lowenberg-Deboer, are based on a model considering crop areas, maintenance needs for soil fertility, and traditional trends with respect to rates of change. The authors point out that the FAO crop area forecasts they rely on assume reduction, but not elimination, of world hunger. Fertilizer inputs can be expected to continue to comprise a large part of the global biogeochemistry of these elements.Tenkorang, F. and J. Lowenberg-DeBoer, 2009. Forecasting long-term global fertilizer demand. Nutr. Cycling Agroecosystems. 83:233-247.



Ammonia producing countries (2004 to 2006)

Others (61 countries)
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Fertilizer nitrogen production starts with ammonia, produced most often using natural gas resources. China is a large producer, but among many. Production is distributed widely around the world. Ammonia plants require smaller investments, relative to those required for phosphate or potash mines. The cost of natural gas largely determines their competitiveness.



Phosphate rock producing countries 
(2004 to 2006)

Others

China

USA Morocco

Israel, Jordan, Syria
30%

19%
17%

8%

7%

Tunisia, 2%
Brazil, 4%

Russia

13%
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China also dominate phosphate production, with 30 percent of the world total. The USA and Morocco are also large producers. The remaining production is distributed among a smaller number of countries.



World Phosphate Rock Reserves

Country
2007 

Production
Reserves

Reserve 
Life

Reserve 
Base

Tg Years Tg

China 45 4,100 90 10,000

USA 30 1,200 40 3,400

Morocco 27 5,700 210 21,000

Russia 11 200 18 1,000

World Total 156 15,000 96 47,000

Source: USGS Mineral Commodities Summaries, 2009
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Phosphate rock deposits are found near the surface, near seawater, and are extracted using open-pit mines and dragline buckets. The apatite/fluorapatite minerals are made into soluble phosphate fertilizers by treatment with sulfuric acid.The question often arises as to how long can the finite resources of phosphate rock supply the world. It is not an easy question to answer. The US Geological Survey publishes these estimates of production, reserves and reserve base. I have calculated reserve life here as reserves divided by current production rates: for example, the US can continue extracting 30 teragrams per year from its reserves of 1200 for 40 years, before it would have to turn to the reserve base, which is extractable only with considerably higher costs. This picture of reserve life is not complete, because the production of phosphate fertilizer also requires sulfur, which is currently available as a by-product of the petroleum industry. However, the current estimate is 96 years of reserve life for the world, and 40 for the USA. However, similar estimates made 30 years ago predicted reserve depletion as of this year, so it is difficult to assess the accuracy of these estimates.******************************Marketable product refers to beneficiated phosphate rock with phosphorus pentoxide (P2O5) content suitable for phosphoric acidor elemental phosphorus production. More than 95% of the U.S. phosphate rock mined was used to manufacture wetprocessphosphoric acid and superphosphoric acid, which were used as intermediate feedstocks in the manufactureof granular and liquid ammonium phosphate fertilizers and animal feed supplements.Phosphate Rock is usually over 70% BPL; 27 to 34 % P2O5 though pure apatite is 41-42% P2O5.2001 report:Reserves are extractable at $36/ton.  Reserve base is extractable at $90/ton.  The 1975 estimate of World Reserve Life was 214 years: since then, reserves have diminished and production has increased (Cathcart, 1980).  Efforts are underway to develop improved estimates of reserves, reserve bases, and resources worldwide.Prepared by Stephen M. Jasinski [(703) 648-7711, sjasinsk@usgs.gov, fax: (703) 648-7757]Resource.—A concentration of naturally occurring solid,liquid, or gaseous material in or on the Earth’s crustin such form and amount that economic extraction ofa commodity from the concentration is currently orpotentially feasible.Reserve Base.—That part of an identified resource thatmeets specified minimum physical and chemicalcriteria related to current mining and productionpractices, including those for grade, quality,thickness, and depth. The reserve base is the inplacedemonstrated (measured plus indicated)resource from which reserves are estimated. It mayencompass those parts of the resources that have areasonable potential for becoming economicallyavailable within planning horizons beyond those thatassume proven technology and current economics.The reserve base includes those resources that arecurrently economic (reserves), marginally economic(marginal reserves), and some of those that arecurrently subeconomic (subeconomic resources).Reserves.—That part of the reserve base which couldbe economically extracted or produced at the time ofdetermination. The term reserves need not signifythat extraction facilities are in place and operative.Reserves include only recoverable materials; thus,terms such as “extractable reserves” and“recoverable reserves” are redundant and are not apart of this classification system.



Potash producing countries (2004 to 2006)
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While China produces 30 percent of the world’s phosphate, Canada produces about 30% of the world’s potash. Russia, Belarus, Germany and the Middle East are also important producers. Like phosphate, production is limited to a few countries. Developing countries produce very little potash, though there is apparently some potential for a mine being explored in the Congo region of Africa.



World Potash Reserves

Country
2007 

Production
Reserves

Reserve 
Life

Reserve 
Base

Tg K2O Years Tg K2O

Canada 11 4,400 400 11,000

Russia 7 1,800 270 2,200

Belarus 5 750 150 1,000

Germany 4 710 200 850

USA 1 90 80 300

World Total 35 8,300 240 18,000

USGS Mineral Commodities Summaries, 2009
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Potash is usually found in salt deposits about 900 meters underground. The mineral sylvinite contains granules of both potassium chloride and sodium chloride. A typical Saskatchewan mine shaft passes through a number of geological layers to access the deposit. Drilling a mine shaft is technically difficult owing to high-pressure water in the Blairmore formation. Many of the Saskatchewan mines have hundreds of kilometers of tunnels carved out by the room-and-pillar mining technique. Potassium is separated from sodium using physical processes in a brine.At 2007 rates of production, Canada’s potash reserves could last 400 years. Worldwide, reserve life is estimated at 240 years. The USA has small production and reserves, and only 90 years of known reserve life.



Fertilizer consumption (2005/06 – 2007/08)

14%

10%

11%

17%

38%
Mostly China
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The Far East, mostly China, is by far the world’s largest consumer of fertilizer. South Asia is next, followed by North America and Europe. Intensive, multi-crop rotations that support the high population density of Asia require the highest rates of fertilizer to replenish soil nutrients.



Net import/export of plant nutrients in fertilizers

19%

East  Eur.

North Am.

Africa

South Am.
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This global map from IFA shows the net import and export of fertilizers – plant nutrients in abiotic form. North America is an export of P and K, but imports N. South America imports P and K. Africa has large exports of P, but consumes little of any fertilizer. The Middle East, or West Asia, exports all three nutrients. Western and Central Europe are net importers of all three. Eastern Europe has large exports of N and K, and to a lesser extent, P. South Asia and East Asia import large amounts of N, P and K.
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Within North America, the main phosphate mines are located in Florida, North Carolina and Utah-Idaho.The potash mines are largely in Saskatchewan, with a large one in New Brunswick and smaller mines in Utah, New Mexico and Michigan.



TFI, 2009
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Nitrogen production has shifted away from the US in recent years, owing to the supply/demand situation for natural gas. Owing to large demand for other uses, prices of natural gas have increased relative to other parts of the world, particularly since 1999. As a result, a large number of plants have closed since then.Source: The U.S. fertilizer Industry and Climate Change Policy. TFI, 2009



TFI 2009
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The blue bars represent domestic US production, and the red bars imports, of nitrogen. The green line indicates that the proportion of fertilizer N imported has risen from less than 20% in 1992 to more than 55% in 2008.Source: The U.S. fertilizer Industry and Climate Change Policy. TFI, 2009



Greenhouse Gases and Fertilizer

GHG cost of N use
(kg CO2 kg‐1 N)

0.88 CH4 + 1.26 Air + 1.24 H2O

→ 0.88 CO2 + N2 + 3 H2 → 2 NH3

Manufacture & 
transport

3.0 – 4.5

Emission of N2O 
from soil

0.7 – 4.7 

Lime 
requirement

0.0 – 0.4

Soil C storage ?
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One of the major issues confronting the fertilizer industry is greenhouse gases. The chemical conversions of fertilizer manufacture release carbon dioxide and small amounts of other greenhouse gases. The application of nitrogen fertilizer to soil increases the emission of nitrous oxide. Acidity generated by nitrogen fertilizer may generate need for lime application, in turn releasing carbon dioxide.A large area of unknown impact, however, is the potentially positive effect of nitrogen in enhancing soil carbon storage. We have seen in the earlier talks in this conference, particularly the one by Don Zak, that nitrogen inputs can have large effects on the rate of organic carbon accumulation in biomass and in the soil in natural ecosystems. Research in agricultural systems also shows a role for nitrogen in soil carbon storage.



Biotic Sphere
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Fertilizers are essential to life. Their use has many impacts on the biotic sphere.



IFA, 2009
2006/07–2007/08
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Half the world’s fertilizers go to cereal grains, mostly wheat, rice and maize. A very significant amount nourishes fruits and vegetables as well, and the rest is distributed over many crop and plant systems. These data come from an IFA assessment of fertilizer use published this year.****************************************Assessment of Fertilizer Use by Crop at the Global Level 2006/07 – 2007/08Patrick HefferInternational Fertilizer Industry Association (IFA) - 28, rue Marbeuf - 75008 Paris - FranceTel. +33 1 53 93 05 00 - Fax +33 1 53 93 05 45/47 - ifa@fertilizer.org - www.fertilizer.orgCopyright © 2009 International Fertilizer Industry Association – All Rights Reserved



14 July  2008 Plants & Soils--Montreal 20

Year
1966 1976 1986 1996 2006

G
ra

in
 Y

ie
ld

 (K
g 

H
a-1

)

1500

2000

2500

3000

3500

4000

4500

5000

Maize Yield
y = 2260 + 62.5x
r2 = 0.939

         Rice Yield
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y = 1373 + 40.1x
r2 = 0.966

Global Cereal Yield Trends, 1966-2006

THESE RATES OF INCREASE ARE NOT FAST ENOUGH TO MEET 
EXPECTED DEMAND ON EXISTING FARM LAND! Ken Cassman, 2008.
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These trendlines come from a presentation last summer by Ken Cassman. He noted that these rates of increase are not sufficient for anticipated demand. In fact the US renewable fuel legislation assumed that rates of corn yield improvement would be double what is shown here, from now until 2030. No one can prove as yet that such yield increases are possible, nor what level of input will be required to obtain it.



Net import/export of plant nutrients in cereals and soybeans

19%
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Presenter
Presentation Notes
Just as in fertilizers, plant nutrients in cereals and crop products are exported and imported as well. Here the flow is west to east, or New World to Old World, with the Americas exporting  nutrients, and Asia, Europe and Africa importing significant quantities. While the plant nutrients are still abiotic elements, they are in this case in a biotic form: food for humans and feeds for domestic animals.



Human Population and N Use

Erisman et al., 2008
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This figure comes from an article by Jan Willem Erisman and others, published last fall in Nature. The upper line represents world population over the last century. The blue line represents average input of fertilizer nitrogen on a per hectare basis. The dotted line represents the authors’ estimate of the proportion of the world population fed by Haber-Bosch nitrogen. It has come up from next to nothing in 1900 to 48% of the world’s population today, and continues on a strongly increasing trend. Without Haber-Bosch nitrogen, we would be feeding only half of the 6-plus billion population today, unless we had cut down pretty well all the world’s remaining forests. Haber-Bosch nitrogen also supported a strong increase in per-capita meat consumption – although we don’t need more in North America, the growing middle class in Asia appears to. The assumed mechanism by which global population is anticipated to stabilize in 2050 – rising levels of economic security and income reducing the human reproductive rate – has in the past correlated with higher per capita greenhouse gas emissions. Making progress on reducing poverty is an issue separate from that of greenhouse gases. A challenge for ecological intensification will be to produce not only more food per capita, but also to do it with reduced emissions.Figure 1 Trends in human population and nitrogen use throughout the twentieth century. Of the total worldpopulation (solid line), an estimate is made of the number of people that could be sustained without reactivenitrogen from the Haber–Bosch process (long dashed line), also expressed as a percentage of the globalpopulation (short dashed line). The recorded increase in average fertilizer use per hectare of agricultural land(blue symbols) and the increase in per capita meat production (green symbols) is also shown.Jan Willem Erisman1*, Mark A. Sutton2, James Galloway3, Zbigniew Klimont4 and Wilfried Winiwarter4, 5nature geoscience | VOL 1 | OCTOBER 2008 | www.nature.com/naturegeoscienceHow a century of ammonia synthesischanged the worldOn 13 October 1908, Fritz Haber filed his patent on the “synthesis of ammonia from its elements”for which he was later awarded the 1918 Nobel Prize in Chemistry. A hundred years on we live in aworld transformed by and highly dependent upon Haber–Bosch nitrogen.



The Nösphere

• Vladimir Vernadsky – The Biosphere (1926)
– Abiotic sphere

– Biosphere

– Nösphere ‐ the sphere of the cognitive process of man
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The Nösphere can be considered the knowledge base of the people involved in the use of fertilizers, extending from research scientists to business leaders to crop advisers and producers. In the following slides, the fertilizer industry’s efforts in organizing knowledge relating science to the management of fertilizers will be described.



4R Nutrient Stewardship

• Sustainability issues associated with fertilizer use:
– Food and nutrition security

– Employment

– Soil fertility

– Cadmium in soil

– Eutrophication

– Non‐renewable resources

– Greenhouse gas emissions

– Stratospheric ozone depletion (N2O)

– Air quality: ammonia, smog

– Water quality: nitrate, algae

– Public perception

Presenter
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The fertilize r industry’s nutrient stewardship concept links management of plant nutrition to sustainability. The four Rs – right source, rate, time and place – describe the practices that lead to progress on economic, social and environmental outcomes, involving  a host of issues.



OUTPUT
Recommendation of right source, 
rate, time, and place (BMPs)

Regional Level
Applied 
agronomic 
scientists

Policy Level
Regulatory, Infrastructural

DECISION SUPPORT based 
on scientific principles

ACTION
Change in practice

Farm Level
Producers, crop
advisers, dealers

DECISION 
Accept, revise, or reject

EVALUATION of OUTCOME  
Cropping System 

Sustainability Performance

LOCAL SITE 
FACTORS

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

BMP Development & Adoption

Presenter
Presentation Notes
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. 



NUE Term Calculation Reported Examples
PFP - Partial 
factor productivity

Y/F 40 to 80 units of cereal grain per unit of N

AE - Agronomic 
Efficiency

(Y-Y0)/F 10 to 30 units of cereal grain per unit of N

PNB - Partial 
nutrient balance 
(removal to use 
ratio)

UH/F 0 to > 1.0 - depends on native soil fertility 
and fertility maintenance objectives

RE – Recovery 
efficiency of 
applied nutrient

(U-U0)/F 0.1 to 0.3 – P, 1st year recovery
0.5 to 0.9 – P, long-term recovery
0.3 to 0.5 – N in cereals, typical
0.5 to 0.8 – N in cereals, BMP

Nutrient Use Efficiency – Definitions…
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Hormoz BassiriRad made the point on Tuesday that NUE needs to be defined carefully. These are merely four commonly used definitions. There are many more, and even these differ considerably in the numbers they produce. Undue emphasis on partial factor productivity, for example, can lead to lower nutrient content in harvested grain. Recovery efficiency is an important measure for scientists, but it often means little to producers. 
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The US is producing more corn per unit of fertilizer applied each year, since the early 1970s.



Replenishing Soil Fertility

Partial nutrient budget for North American crops, 1998‐2000 (Tg).

Nutrient
Crop 

Removal
Legume 
Fixation

Applied 
Fertilizer

Recoverable 
Manure

Removal to 
Use Ratio

N 16.8 7.7 12.9 1.3 77%

P2O5 6.0 - 4.7 1.7 95%

K2O 9.9 - 4.9 2.0 144%
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In fact a simple partial balance across all harvested crops shows that efficiencies overall are not shockingly low. However, hidden within these are specific crops and situations where there is large room for improvement of nutrient use efficiency, as well as situations where soils are being “mined” for nutrients by crop production. 



Improving Fertilizer N Use 
Efficiency (NUE)
• The 4Rs: Right source‐rate‐time‐place

• Nitrification inhibitors – slow the conversion of NH4
+ to NO3

‐

• Urease inhibitors – slow conversion to NH4
+ and reduce 

potential NH3 volatilization

• Controlled‐release N fertilizers – release N over the growing 
season, matching availability and crop needs

• Site‐specific applications
– Variable rate, and possibly variable source

– In‐season sensing and variable rate/place application

Presenter
Presentation Notes
Enhanced-efficiency technologies for fertilizers have been around a long time but insufficient research supports their use; more information is needed on how site-specific conditions influence their efficacy.Kathleen Treseder spoke of quantum dots. It struck me these could help in the study of controlled-release fertilizers.
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Weather impacts the use efficiency of nitrogen. It influences crop demand for it, soil mineralization of it, and the processes of its loss from the soil. Our Institute has been supporting the concept of adapting N management to weather. These symposium proceedings are from 2006.
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Variability in Optimal N Rates:
Quebec
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These box and whisker plots show the range of optimum N rates from response trials conducted across the province of Quebec. Variability within years is caused by soils, previous crops, and local weather. What is more astounding is the variation year-to-year: entirely due to weather. One year’s weather may require as much as 100 kg more or less N per hectare. If we could better predict these weather effects, the savings in N fertilizer could be 60% or more, and NUE would greatly improve.Figure 1 Box plots of economically optimal N rates for corn among years in the province of Quebec. Optimal N rates calculated by Gilles Tremblay. Provincial database.At the provincial level, the years 1997 to 2005 presented important variations in optimal N rates, both within and among years (Figure 1). The median rate was normally within the range of 100 to 150 kg N ha-1. It was lowest in 2002 and highest in 2005. To a certain extent, these yearly differences may also be related to variations in regions, soil types or other factors in the sample considered.



Ecological Intensification

• Grow more on less land, preserving natural 
ecosystems

• Grow more with less impact; minimize losses

• Apply principles of ecology to increase 
cropping system productivity

Presenter
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Considerable study has examined the differences between new (1990s) and old (1960s) hybrids with respect to their nitrogen use efficiency. Being selected strongly for yield across multiple locations, large progress has been made in increasing stress tolerance. Such stress includes low nitrogen. New hybrids yield more with less N and even with zero N. The reasons are not fully understood. They may be lower in grain N (or protein) than older hybrids. Their roots may have greater longevity.



New Hybrids prolong N Uptake

Tollenaar, et al., 1997 

pre-anthesis post-anthesis

N uptake, kg N ha-1
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Dr. M. Tollenaar at the University of Guelph showed that a greater proportion of N uptake occurs post-anthesis in newer hybrids. This trait in itself could confer greater fertilizer N efficiency, since a larger proportion of N mineralized from the soil might be taken up.



Global Warming Potential 
Life-Cycle Analysis

Cropping system

GWP in CO2 equivalents 
(kg/ha/yr)

Mean Crop Yields 
(t/ha)

GWP/ 
Yield

Soil C N 
fertilizer N2O

Net 
GWP C W S kgCO2

/Gcal
Nebraska, irrigated

CC BMP -1613 807 1173 1980 14.0 41

CC intensive -2273 1210 2090 3080 15.0 60

Michigan, rainfed

C-S-W, CT 0 270 520 1140 5.3 3.2 2.1 95

C-S-W, NT -1100 270 560 140 5.6 3.1 2.4 11

Cropland 
conversion to 

forest
-1170 50 100 -1050

Robertson et al. (2000); Adviento-Borbe et al. (2007)  
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Don Zak talked about mechanisms by which nitrate or inorganic N could enhance the stabilization of soil organic matter. Here are two examples in which soil organic carbon accumulation was measured under field crops, along with a life-cycle analysis of greenhouse gases. More intensive production systems generally have higher GWP, but per unit of yield may not differ much, and if more can be produced from less land, more land could be available to sequester carbon under forests.Robertson, G.P., E.A. Paul, and R.R. Harwood. 2000. Greenhouse gases in intensive agriculture: Contributions of individual gases to the radiative forcing of the atmosphere. Science 289:1922–1925.Adviento-Borbe, M. A. A., M. L. Haddix, D. L. Binder, D. T. Walters, and A. Dobermann. 2007. Soil greenhouse gas fluxes and global warming potential in four high-yielding maize systems.Global Change Biology 13 (9: 1972–1988. doi:10.1111/j.1365-2486.2007.01421.x 
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IPNI is focusing on relating fertilizer management practices to their comprehensive outcomes: in this case, in terms of greenhouse gas emissions. Large knowledge gaps become apparent as soon as one tries to do this.



Knowledge Gaps & 
Research Priorities

• Contribution to sustainability goals

• Site‐specific:
– Global science for local impact

– Global impacts of local management

• Stakeholder input

• Greenhouse gases: 
– LCA for CO2, N2O and CH4 

– Soil microbiology for N2O mitigation

– Evaluation of EE fertilizer products

• Air & Water quality – NH3 emissions, leakage of N & P

• Genetics for nutrient use efficiency – responsive to weather

Presenter
Presentation Notes
The application of science to direct management practices for greater sustainability will lead to prioritization of research that relates to practical questions.
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