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Presentation Notes
I’m here to talk about the phosphorus sustainability movement and how it’s affecting the business of nourishing crops.



The International 
Plant Nutrition 
Institute is supported 
by leading fertilizer 
manufacturers.

Formed in 2007 from 
the Potash & 
Phosphate Institute, its 
mission is to develop 
and promote science 
for responsible 
management of crop 
nutrition

Presenter
Presentation Notes
I am employed by the International Plant Nutrition Institute, a research and education organization with a mission to develop and promote science for responsible management of crop nutrition.
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1. Sustainable Phosphorus 
2. 4R
3. Effective Practices 
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Presentation Notes
Title: Managing Phosphorus 4R Crops and EnvironmentAbstract: The last few years have witnessed widespread worldwide attention to issues associated with phosphorus. Both its impact on the environment and humanity's dependence on its finite sources are alarming many. Producers are now expected to manage phosphorus for both crops and environment. The 4Rs of nutrient stewardship apply well to addressing this expectation, but questions are arising about the efficacy of several of its key tools, including soil tests, tillage practices, timing, placement, and cover crops. This presentation will outline what's known and unknown about practices you could be applying in the field.



The emerging discipline of phosphorus sustainability science

Presenter
Presentation Notes
This rather crowded slide shows some of the many recent initiatives and products of phosphorus sustainability science. Terms like “phosphorus footprint” and “peak phosphorus” put a lot of emphasis on conserving the phosphate rock resource, and speak to the concern for future generations and their access to phosphorus for food production. Considerable emphasis is placed on recovery, re-use and recycling of phosphorus. The boundaries of this discipline go well beyond agriculture, including all human uses of phosphorus, and all human impacts on its flows and fates. There is much discussion of a circular economy and closing the loop – which is especially of interest in Europe where the main concern is reliance on imports, and local employment. It’s important to note that this is not just another academic discipline. Today’s scientists aren’t content with leaving the topic in the realm of academia – they aim to participate in decision making processes. They aim to be influential. 



Rostock (Germany), September 12-16, 2016 PHOSPHORUS 2020 —
CHALLENGES FOR SYNTHESIS, AGRICULTURE, AND ECOSYSTEMS

Phosphorus sustainability initiatives 
inform policy and the public

Presenter
Presentation Notes
So we find these scientists engaged in many phosphorus sustainability initiatives. In Europe, a Sustainable Phosphorus Platform disseminates information on technologies for recycling phosphorus from wastes. A similar organization called the Sustainable Phosphorus Alliance has been initiated for North America as well. The United Nations Global Partnership on Nutrient Management has a Phosphorus Task Team. Scientists gathered in Kunming China this past August for the 5th sustainable phosphorus summit. 500 people attended. In Germany this past September the 8th International Phosphorus Workshop attracted a record . These efforts generate communications to the public and to policy makers. It’s important that our industry and agri-business engage in these efforts, to keep them aligned with the current realities of agriculture and its challenge of sustainably feeding future generations. 



The farm 
perspective 
focuses on 
the soil and 
the crop

Presenter
Presentation Notes
Here’s a diagram that IPNI has used and still uses in its educational efforts. It shows a farm perspective of the phosphorus cycle. The focus is on what’s happening in the soil, and on supporting high yields of crops. Like most models, it’s a useful teaching tool, but has limitations. [as the statistician George Box put it, all models are wrong, some are useful.] This one is useful in showing the major inputs to and outputs from the soil, and the forms in the soil, but not very clear on their relative sizes. For example, the total P in the organic and mineral fractions of most soils is generally at least a thousand times more than what is in solution. There are some who criticize this diagram, saying phosphorus doesn’t actually cycle, it’s more like a one-way ticket from the mine to the farm to the ocean. It’s true that fertilizer doesn’t come out of nowhere, and not all the P lost in erosion and runoff comes back to cropland. So from a sustainability perspective, we are missing some externalities. The next two diagrams, looking at national and global perspectives, will show that the one-way ticket analogy is also an exaggeration and that there is indeed cycling, not only within farms, but externally as well. 



Phosphorus flows beyond the farm: China, 1960-2012

Xin Liu et al., 2016. PNAS 113(10):2609-2614.

Presenter
Presentation Notes
I recently met the lead author (Xin Liu) of the publication from which I took this diagram, and I give her credit for this fascinating way of showing the phosphorus flows of China and how they have evolved over time. We could probably spend an hour discussing everything on this slide, but I’d like to draw attention to a few key points. First, the biggest flows. Phosphate from the mines, fertilizer applied to fields, crop removal with harvest, and flows in feed and food. Second, a few other flows that surprised me: fairly large amounts in atmospheric deposition, in transfers from pastures into grazing animals, and the manure recycled back to cropland. Considerable amounts of P run off into rivers, but only a small fraction transfers to the sea by riverine transfer. Clearly, large amounts of phosphorus are accumulating in cropland, and also in rivers, likely as sediment behind dams. The accumulation in itself is not sustainable, and indeed China is making efforts to improve its phosphorus use efficiency, and many farms are in a good position to utilize the legacy phosphorus in soil. However, from an agricultural sustainability perspective, we need to keep in mind China’s big challenge: feeding one-fifth of the world’s population, from less than one-tenth of its cropland. Also, if we look at phosphorus use efficiency as the ratio of P in food to P in fertilizer, we get 25% - which is at least as high as, if not higher than, the global average. Xin Liu, Hu Sheng, Songyan Jiang, Zengwei Yuan, Chaosheng Zhang, and James J. ElserIntensification of phosphorus cycling in China since the 1600s PNAS 2016 113 (10) 2609-2614; published ahead of print February 22, 2016,doi:10.1073/pnas.1519554113



Global P Cycle: Large amounts mined and accumulating in soils

Sutton et al., 2013. Our Nutrient World. Center For Ecology and Hydrology, UK.

Presenter
Presentation Notes
This depiction of the global phosphorus cycle was included in the “Our Nutrient World” publication overseen by the UN’s Global Partnership on Nutrient Management. The units are teragrams which are the same as million metric tonnes. Multiply by 2.29 to get P2O5. The numbers for many of the flows give rather wide ranges, and are not necessarily well vetted for precision, but some important points emerge. First, the cycles on natural soils and in coastal oceans rival if not exceed the size of the cycle in agriculture, comprised of fertilizer inputs, and crop removal. Second, the quantity going into human nutrition is no more than a quarter of the size of the fertilizer flow, and probably less. Third, even including losses of P by erosion, the flow from agriculture to fresh waters is much smaller than the quantity in fertilizer. So this diagram refutes a few science media statements I have read recently, for example, “plants can only use about 42 percent of the phosphorus applied to the soil, so the rest runs off into the water streams” https://www.sciencedaily.com/releases/2016/04/160429105527.htm or“In the fertilizing techniques that dominate today, … phosphorus is used exactly once, then swept out to sea.” http://web.mit.edu/12.000/www/m2016/finalwebsite/solutions/phosphorus.htmlThese statements are clearly incorrect. Nevertheless, again we see that the accumulation of P in soils is large, and thus we need to find ways to continue feeding the world without continuing the accumulation beyond levels optimum for crop production.Sutton M.A., Bleeker A., Howard C.M., Bekunda M., Grizzetti B., de Vries W., van Grinsven H.J.M., Abrol Y.P., Adhya T.K., Billen G.,. Davidson E.A, Datta A., Diaz R., Erisman J.W., Liu X.J., Oenema O., Palm C., Raghuram N., Reis S., Scholz R.W., Sims T., Westhoek H. & Zhang F.S., with contributions from Ayyappan S., Bouwman A.F., Bustamante M., Fowler D., Galloway J.N., Gavito M.E., Garnier J., Greenwood S., Hellums D.T., Holland M., Hoysall C., Jaramillo V.J., Klimont Z., Ometto J.P., Pathak H., Plocq Fichelet V., Powlson D., Ramakrishna K., Roy A., Sanders K., Sharma C., Singh B., Singh U., Yan X.Y. & Zhang Y. (2013) Our Nutrient World: The challenge to produce more food and energy with less pollution. Global Overview of Nutrient Management. Centre for Ecology and Hydrology, Edinburgh on behalf of the Global Partnership on Nutrient Management and the International Nitrogen Initiative. 



4R Nutrient Stewardship: 
a sustainability system

with METRICS.



Nutrient Stewardship Metrics for 
Sustainable Crop Nutrition

Enablers
(process metrics)

Actions
(adoption metrics)

Outcomes
(impact metrics)

• Extension & 
professionals

• Infrastructure
• Research & 

innovation
• Stakeholder 

engagement

• [Require regional 
definition of 4R]

• Cropland area under 
4R (at various levels)

• Participation in 
programs

• Equity of adoption 
(gender, scale, etc.)

1. Farmland productivity
2. Soil health
3. Nutrient use efficiency
4. Water quality
5. Air quality
6. Greenhouse gases
7. Food & nutrition 

security
8. Biodiversity
9. Economic value
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Presentation Notes
Now, sustainability from a crop nutrition perspective. The issues overlap considerably with those of the “phosphorus sustainability’ perspective, but the relative importance may differ. For instance, farmers and industry tend to see water quality impacts as needing far more urgent attention than issues of resource scarcity and finite reserves. The crop nutrition industry has been talking internally about performance metrics for quite some time. We have classified these metrics into enablers, actions and outcomes. I want to focus on the actions and outcomes today. From the sustainability perspective, as an industry, agriculture needs to better document actions and link them to outcomes. The actions are the source-rate-time-place combinations in which phosphorus is applied. The ability of farmers to apply the 4Rs depends on phosphorus accessibility. The farmers who need phosphorus fertilizers the most are often those who face the highest prices and can least afford it. IPNI’s program in sub-Saharan Africa addresses this issue. The 4Rs of phosphorus application have the most direct impacts on 4 key outcome metrics: productivity, soil health (particularly the soil fertility component), nutrient use efficiency and water quality, particularly as affected by phosphorus losses. I’ll next review the role of phosphorus in these key impact areas.



Presenter
Presentation Notes
The first perspective on sustainability is that of the crop nutrition industry—where of course nutrients and the 4Rs are the center of the universe! This diagram shows how at least nine outcomes of 4R are influenced by crop and pest management and by soil and water conservation practices, in the context of changing weather and climate. The 4Rs interact with the BMPs that apply in these other areas—they too influence all nine outcome metrics. For phosphorus we focus on a core of four: farmland productivity, soil health (particularly the fertility component), nutrient use efficiency, and water quality. The expertise of the crop adviser is essential to managing this complexity.



Fieldprint® Calculator Sustainability 
Metrics

• Metrics that matter, usable at farm scale, linked to 
management with robust science

• Biodiversity, Energy Use, Greenhouse Gas Emissions, Irrigation 
Water Use, Land Use, Soil Carbon, Soil Conservation, Water 
Quality

• Current water quality metric is USDA NRCS WQI – qualitative
• Developing quantitative water quality outcome model to 

enable balancing among metrics
• Model requires definition of baseline and better practices

– Nutrients (N & P), sediment, and pesticides
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The second perspective is that of the food supply chain, as reflected by Field to Market, a sustainability organization with over 115 members. Such organizations have a pressing need for quantifiable metrics of the things that matter, usable at farm scale, and linked to management with robust science. Their current metrics include Biodiversity, Energy Use, Greenhouse Gas Emissions, Irrigation Water Use, Land Use, Soil Carbon, Soil Conservation, and Water Quality. They seek to improve the current qualitative metric for water quality with something quantitative, and the crop nutrition industry would like to make sure our 4R practices count. The reasons for upgrading to quantitative are to better address regional concerns, help producers identify opportunities for practice improvement, and enable watershed data aggregation and analysis. Practice adoption decisions require knowledge of the loss reduction the practice will generate. Quantification models require definition of baseline practices, and those that could provide improvements. For the purposes of Field to Market, the nutrients nitrogen and phosphorus, and sediment and pesticides all form part of the water quality metric. My discussion today is limited to the phosphorus component.



Comparing stakeholder perspectives
• Public

– Water quality impact of agriculture is one concern among many 
– Expectation for evidence-based best practices

• Food industry
– Desires clear simple metrics of sustainability impact, national in scope
– Reflected in Fieldprint® Calculator

• Producers
– Burden of reporting requirements of food supply chain
– Can’t be environmentally responsible without profitability

• Scientists
– Complex relationship between practices and P loss
– Hesitant to quantify: small differences reverse outcomes
– Inadequacy of current risk assessment tools – indexes & models

Presenter
Presentation Notes
Clearly there are many more perspectives on sustainability. The public voices many concerns, not just the water quality impact of agriculture. But an increasingly educated public increasingly demands evidence based practices. The food industry desires simplicity and a national scope, like the metrics that comprise the Field Print Calculator. Producers complain of an increasing burden of reporting requirements and thus seek a single mechanism addressing all concerns of the public and the food supply chain. And of course they constantly remind us that they can’t be sustainable without profitability. Scientists specialized in the study of phosphorus losses from agriculture are aware of the huge complexity of the underlying processes. Hence they hesitate to quantify, because small differences in site specific factors reverse outcomes of well intended practices. Science is also pointing to the inadequacy of current risk assessment tools including the state and province specific phosphorus indexes and models of runoff loss.



Crop yield contribution from phosphorus use is 
very substantial in the long term

27%
P

60% 
N+P

One example: Long-term contribution of P to yield of 
irrigated corn in Kansas – 40-year average, 1961-2000  
(Stewart et al., 2005, Agron. J. 97:1–6) 
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Presentation Notes
The industry is often asked the question, how much does fertilizer contribute to yield? It is not a simple question to answer. It depends on the time frame under consideration and the initial fertility levels of the soil, as well as many other factors. In general, many sources of information attribute at least 40 to 60 percent of crop yield to the use of fertilizer. In this example, a 40-year study on irrigated corn in Kansas, yields are 60% lower without nitrogen and phosphorus combined; 27% lower if only phosphorus is missing. At Rothamsted in England, wheat that went without phosphorus for 25 years yielded 44% less. In many tropical soils, crop yields are even more strongly dependent on phosphorus. So we could say that long-term, at least a quarter of crop production depends on the phosphorus being applied, and wouldn’t be there without it. Considering the trajectory of global populations and their food demands, phosphorus is clearly an important player supporting food and nutrition security. 



Short term crop 
response to P is 

much smaller

• Expected to be zero, or 
very small, on soils with 
adequate P levels

• When soil test P is below 
critical levels: 
~15% (0-23%) for soy
~20% (0-30%) for corn  
~40% (10-50%) for wheat, 
oats, alfalfa and clover in 
Illinois

Presenter
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Short term response to phosphorus is smaller. Responses are expected mainly when soil test P is below the critical level. In that zone the response depends on crop and soil test level, with a lot of variability. At a level more or less mid-way into the deficiency zone, soybean without phosphorus would yield about 15 percent less, corn about 20 percent less and other crops around 40 percent less. On soils in the optimum or maintenance range, the primary reason for applying phosphorus is replenishing removal to maintain soil fertility, rather than getting higher yields. So yield dependency on phosphorus inputs depends on what’s in the soil. 



High-yield crops take up large amounts of P. 
Most of it is removed with grain harvest.

Dr. F.E. Below, University of Illinois. Agron. J. 105:161-170 (2013)

Maize grain yield
12 t/ha 
Illinois, 2010

2010 data from two sites and six hybrids 

Presenter
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When we look at the impact of a nutrient like phosphorus on productivity, it’s important to understand how much of it the crop takes up, when it’s taken up, and how much ends up in the grain. This and the next slide are compliments of Dr. Fred Below at the University of Illinois. These data show that high-yielding corn, or maize, can take up well over 100 kilograms of P2O5 per hectare, that the uptake continues to the day of maturity, and that almost 80% of it ends up in the grain. Converting to units of P, that’s over 40 kilograms per hectare. 



Research shows potential for altered P placement needs in 
high density high yield maize

Dr. F.E. Below, University of Illinois

none    15cm beside    under

Banding P 
fertilizer 
10-15 cm deep Yield, t/ha

11.7          12.0       13.0

Presenter
Presentation Notes
Dr. Fred Below’s research in Illinois is investigating the phosphorus needs of high yield systems, where high yielding hybrids are planted in narrow rows at high plant density. He found substantial benefits to placing a fertilizer, containing mainly phosphorus but also nitrogen, sulfur, and zinc, directly below the seed row, 10 to 15 centimeters deep. In this example, placement gave 8% more yield. Continuing this kind of research is essential to figuring out the physiology of phosphorus limits in high yield systems.



Phosphorus Issues
• Eutrophication
• Hypoxia
• Harmful algal blooms
• Excess levels in soil, stratification

• Finite resource, geopolitical distribution
• Declining quality of reserves
• Heavy metals, trace elements and cadmium
• Environmental impact of mining



Environmental Impact
• Eutrophication
• Hypoxia
• Harmful Algal Blooms

Photo credit: Carrie Vollmer-Sanders, The Nature Conservancy



USEPA 2016 National Lakes 
Assessment 2012 | A Collaborative 
Survey of Lakes in the United States

Presenter
Presentation Notes
USEAP believes that 40% of the lakes across the USA are “most disturbed” when it comes to phosphorus. That is, 40% exceed the 95th percentile of phosphorus concentrations among lakes that have little in the way of human influences on them. The percentage in the most disturbed category has not changed significantly between 2007 and 2012.



Western Lake Erie: 
dissolved P trends 
increasing since 2002

1. David Baker & Laura Johnson, National Center for Water Quality Research, Tiffin, OH
2. Jarvie et al., 2016, J Environ. Qual.  
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Algal blooms in lake Erie have increased since the mid 1990s, along with monitored increases in dissolved phosphorus in its tributaries. The largest one, the Maumee River, drains around 4 million acres of land, 72% good corn-soybean cropland. The P loading during the March through July period correlates well with the blooms, and is now used as a forecasting tool. Years with high flow also have high concentrations of dissolved phosphorus; for example, in 2015, record rainfall and riverflows in June and July were associated with high concentration. The Great Lakes Water Quality Agreement reduction targets of 40%, using 2008 as baseline, has a high level of ambition. It aims for a DRP concentration not achieved once in the past 16 years. It aims for that condition to be achieved 9 years in 10. It’s also useful to look at the cumulative load, shown here on the bottom. The first point that might jump our at you is the total quantity. Expressed as P2O5, 20 pounds per acre over forty years. That’s a very small annual loss. The rate for the last 14 years is about three quarters of a pound of P2O5 per acre each year, so the reduction target is to decrease it by about a third of a pound. The pattern with three distinct periods is seen in other tributaries of Lake Erie as well. Using these data, a recent paper by Helen Jarvie attributed one-third of the increased loading rate to higher river flow since 2002. The other two-thirds is attributed to changes on the landscape. We don’t know precisely what the remaining two thirds is due to, but increases in tile drainage, in broadcast placement of fertilizers and manures, and in soil P stratification arising from conservation tillage are all possibilities. There is much we don’t understand about this increasing trend in dissolved phosphorus, but there are solutions with potential to improve the situation. I’ll discuss them. 



1. Crop removal increasing with yield.
2. Application rates falling short of crop removal.

Presenter
Presentation Notes
Let’s start with a cropland P balance. This comes from IPNI’s NuGIS, a tool for exploring geographic nutrient balances. Looking at the just the western Lake Erie watershed, mainly in Ohio but also with parts of Indiana and Michigan, we compare crop removal of P to P inputs in fertilizer and manure. Crop removal is represented by the orange bars, and includes 21 crops that comprise more than 95% of the cropland (cropland, by the way is more than 70% of the land area of this watershed). Fertilizer is represented by the blue area, and recoverable manure by the brown area stacked on top of the blue. For the period 1987 to 2007, NuGIS uses census years, but is being done annually since. It’s likely the variability year to year is no higher in the past five years than it has been all along; we just don’t show it. Nevertheless this figure shows that on average, since 1991, application rates have fallen short of P removals in crop harvest. Crop removals have been on an increasing trend, reflecting higher yields. Nothing here gives a general explanation for an increase in losses of dissolved P. Looking at nutrient balances, however, without considering what’s in the soil can lead to false conclusions. So let’s look at the soil test situation.



Indiana P trending to deficit except for 2012



Soil Test Phosphorus

http://soiltest.ipni.net/

1. Soils below critical have increased to 31%.
2. Soils at optimum P: 28%.
3. Soils to draw down: 41%.     

Presenter
Presentation Notes
The distribution of soil test P levels in Indiana is almost identical to that of Ohio. The distribution gives a mixed message on performance. The proportion of soils below critical, deficient in P, now exceeds the proportion in the maintenance range, the level we consider optimum. The proportion of soils exceeding the maintenance limit has come down a little, but still exceeds 40%. Plenty of soils are being tested. But it seems not very many soil tests are listened to. 



Fertilizer P is Soluble P

• MAP (11-52-0) has water 
solubility of 370 g/L

• = 84 grams P per litre
• = 84,000 mg P per litre

• Maumee river target for 
DRP = 0.047 mg P per litre

• Targets for Lake Erie: 
Western Basin – 0.012 mg/L 
Central Basin – 0.006 mg/L 
Eastern Basin – 0.006 mg/L 

Presenter
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Some important principles apply to the understanding of how dissolved phosphorus can be lost. First it is important to understand that fertilizer phosphorus is soluble. So is a large part of the phosphorus in manure. We have always taught that phosphorus doesn’t move much in soil. But that assumes it gets a chance to interact with the soil. If the first rain that meets a granule of phosphorus on the soil generates runoff, that runoff will be enriched in phosphorus, and it takes only a very small amount to exceed the limits for controlling algal blooms. 



Defining 4R phosphorus practices at the 
continental scale.



4R P Practices - Participating Scientists 
1. Brian Arnall, Oklahoma State U
2. Doug Beegle, Penn State U
3. Don Flaten, U of Manitoba
4. Laura Good, U of Wisconsin
5. Kevin King, USDA-ARS, Columbus, OH
6. Quirine Ketterings, Cornell U
7. Josh McGrath, U of Kentucky
8. Antonio Mallarino, Iowa State U

9. Rao Mylavarapu, U of Florida 
with input from other colleagues.

10. David Mulla, U of Minnesota
11. Nathan Nelson, Kansas State U
12. Keith Reid, Agriculture and Agri-

Food Canada
13. Nathan Slaton, U of Arkansas 
14. Charles Shapiro, U of Nebraska
15. Andrew Sharpley, U of Arkansas
16. Doug Smith, USDA-ARS, Temple, 

TX
17. Ivan O’Halloran, U of Guelph
18. Deanna Osmond, North Carolina 

State U
19. David Tarkalson, USDA-ARS, 

Kimberly, ID 

Presenter
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A total of 19 scientists participated. Most were from the heartland of US agriculture. Three came from Canada, one from west of the Rockies, and one from Florida. We met in Washington DC for the June workshop, hosted by the Fertilizer Institute (TFI), with observers from industry and from Field to Market present as well. We are highly appreciative of their contributions of time and expertise.



Regions and Cropping Systems

2011 National Land Cover Database - http://www.mrlc.gov

2

6
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3

1

1. Western Corn 
and Soybean 

2. Eastern 
Cereals and 
Oilseeds

3. Wheat in the 
Great Plains

4. Irrigated 
Potatoes in 
the 
Northwest

5. Rice 
6. Irrigated 

vegetables 

Presenter
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The group addressed the definitions for six regional cropping systems. They included western corn and soybeans, eastern cereals and oilseeds, wheat in the Great Plains (both North and South), irrigated potatoes in the Northwest, rice, and irrigated vegetables. So far, consensus has been reached on definitions for the first five of these regional cropping systems, recognizing need for more expertise to cover the diverse needs of irrigated vegetables. Each of these regions spans a number of states and provinces, and thus offered the opportunity to explore what differences among them in recommendations were supported by science, and where there was opportunity to harmonize. In the next two slides I will describe what the regions have in common. I won’t have time today to go into the regional differences.

http://www.mrlc.gov/


4R Phosphorus Practices for Eastern Crops 
(including Indiana)

• Basic
– Source: known or guaranteed analysis
– Rate: recommended soil sampling and soil test interpretation, no more 

than 3 years crop removal
– Timing: avoid frozen and snow-covered soils
– Placement: subsurface band for no-till; on surface only when risk index 

is low

• Intermediate
– Source: manure sampled for nutrients
– Rate: as in basic, plus: P index used when recommended, no more 

than 2 years crop removal
– Timing: close to or at planting, P Index
– Placement: use starter where recommended, P Index



4R Phosphorus Practices for Eastern Crops 
(including Indiana)

• Advanced
– Source: as in intermediate
– Rate: as in intermediate, plus: zone-specific based on loss potential 

and crop response, no more than current crop’s needs, P Index 
– Timing: as in intermediate, plus: follow P Index
– Placement: as in intermediate, plus: follow P Index

ADAPTIVE MANAGEMENT
– Decisions are site-specific and adaptive to changing conditions. Not 

everything can be written down. 



Soil Drainage Research Unit

4R Research Fund
USDA-ARS: USDA-Agriculture Research Service
CEAP: Conservation Effects Assessment Project
EPA: DW-12-92342501-0
Ohio Agri-Businesses
Ohio Corn and Wheat Growers

Funding 
Sources:

CIG: 69-3A75-12-231 (OSU)
CIG: 69-3A75-13-216 (Heidelberg University)
MRBI: Mississippi River Basin Initiative
The Nature Conservancy
Becks Hybrids/Ohio State University
Ohio Soybean Association

Kevin King, USDA-ARS, Columbus, Ohio

Ohio 
P loss 
monitoring 
at edge of 
field



Soil Drainage Research Unit

Right Rate
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Kevin King, USDA-ARS, Columbus, Ohio



Soil Drainage Research Unit

When is the right time?

Kevin King, USDA-ARS, Columbus, Ohio



Soil Drainage Research Unit

Right Timing
Time of Application

• Greatest potential 
for surface and tile 
losses occurs with 
fall and winter 
application

• Applying P in spring 
or after wheat 
harvest seems to 
minimize surface and 
tile losses
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Kevin King, USDA-ARS, Columbus, Ohio



Right Time

1. Intense rainstorms following broadcast of P can generate high P concentrations in runoff 
even though losses are small relative to amount applied. 

2. As the time intervals increase between surface broadcast P applications and runoff-
producing rainfall events, DRP concentrations spike less. 

DRP load in lb of P2O5 per acre of watershed

0.32 0.18  

David Baker and Laura Johnson, Heidelberg University

Presenter
Presentation Notes
In the fall of 2011, rains were limiting access to fields, and time was tight for harvesting and fall fertilizer application. Finally in mid-November came a gap large enough to dry the soils and allow field activities. All the time, water flow and its dissolved phosphorus load were being monitored. The blue indicates water flow rate, the black dots the phosphorus concentration. Generally, P concentration increases with water flow. But following periods when fertilizer applications had been made, concentrations relative to flow increased sharply. This finding led Heidelberg University researchers to conclude that though the loss per unit area was quite low, fall applications just prior to runoff-generating rain was a risk factor, sending stream concentrations far above above target levels. Timing or placing applications to avoid such runoff events would potentially have consider impact on water quality, but since the amounts lost are small, the impact on phosphorus use efficiency would be small. Presenting this information to local ag retailers changed their thinking considerably about the practice of broadcast application, particularly about timing in relation to rainfall. 



Broadcast? at the right time to avoid runoff



Right Place – in the soil, 
not on the soil

TD2

TD1

0 50 100
meters

Drainage area
Tile outlet
Rain gauge

Ohio, USA

UBWC

Soil type: Silt loam
Tile depth: 90 cm
Soil test P: 30 ppm Mehlich-3P
Tillage: No-till

2014 management
May 6th – Applied MAP @ 45 kg P/ha
May 8th – Tilled field TD1 (disc)

(TD2 remained no-till)

Compared P transport out of 
the tile drains
1. Broadcast P incorporated versus
2. Broadcast P not incorporated

Williams and King, USDA-ARS, Columbus, Ohio

Presenter
Presentation Notes
Here is one case documenting how surface application of P without incorporation can increase loss of dissolved P in tile drain water. This field had a history of no-till, and was paired with another field under similar management. It is a tiled drained silt loam with a soil test at an optimum level. Fertilizer was applied on the 6th of May. Two days later one field was tilled with a disc to work the fertilizer into the soil. The other field was not tilled. In these fields the main pathway of water flow was through the tile drains, and the objective was to compare the treatments using a before-after control impact design. 
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Williams and King, USDA-ARS, Columbus, Ohio

P incorporated P not incorporated

After P application & tillage 
(May 12th)

Incorporating reduced DRP loss from 0.27 to 0.04 lb P2O5 per acre 

Presenter
Presentation Notes
Before P application and tillage, there was a rainfall event on the 28th of April, large enough to generate discharge from the tile. Discharge in these figures is shown in blue, DRP concentration in red. The two field were very similar in the patterns of P concentration in the discharge (shown in the top figures) and in the loading in grams per hectare, shown in the bottom figures. After P application and tillage, there was another rainfall event on the 12th of May, six days after the fertilizer application and four days after the tillage. Tillage altered both the discharge pattern and the P concentration. By working the P into the soil, macropore paths were disrupted, less water was lost, and both concentrations and loads of P were reduced about five-fold for this first event. Subsequent events were also monitored, and continued to show difference, although not quite as large. Interpretation of these findings is disturbing. Conservation tillage has been credited with reducing erosion and improving soil health. These benefits could be negated by a requirement to incorporate fertilizer with a disk. But questions remain. Could an alternate placement – even in traditional starter bands – have been just as effective? Do these results apply to soils in all landscapes and of all textures? It is however, not the only piece of evidence indicating high loss potential of soluble P associated with leaving fertilizer or manure on the soil surface. 



Soil test P distribution with depth in a long-term tillage experiment on a 
poorly drained Chalmers silty clay loam soil near West Lafayette, Indiana. 
Moldboard and chisel plots were plowed annually to a depth of 20 cm. Data 
from Gál (2005) and Vyn (2000). Fertilizer P applied broadcast.

Soil test P stratifies when moldboard plowing stops

Presenter
Presentation Notes
One important interaction between tillage and phosphorus application needs to be considered. With less tillage, there is more stratification of the soil test. These long-term data from Indiana show that the top two inches in no-till increase to as much as three times the level of the top six inches. The top is what interacts with broadcast phosphates, and with surface runoff, and with the water running down macropores. In soils susceptible to either, stratification needs to be managed. Higher soil test P means less soil capacity to hold onto freshly applied P. And the high soil test P in itself is a chronic contributor – every runoff event is enriched, not by a lot, but higher than with a normal optimum level of soil test P.Blended phosphorus and potassium fertilizers were broadcast applied before fall primary tillage; the last application before the present soil sampling occurred in November of 2002 at a rate of 224 kg/ha (0-46-0) and 336 kg/ha (0-0-60), respectively (West et al., 2002).  Why did the no-till accumulate more total P? Note that corn yields were 5% and 15% less for no-till in rotation  and continuous, respectively. But the lower removal of P in no-till may not be the full answer. The rich organic matter may also be keeping a greater fraction of the P in the available form, at least in a form extractable by the soil test. 



Some growers fertilize all their crops in bands near the seed.

Presenter
Presentation Notes
Appropriate placement and timing practices are feasible to adopt. There are growers using them. For example, Henry DeNotter in Essex county uses tools like this one to inject granular fertilizer into conservation till fields. He can place phosphorus in the soil with the planter for all three crops, corn, wheat, and soybeans. 



Fall 
Strip-till Banding 

Greg LaBarge, Ohio State 
University Extension

• Puts the P in the soil
• Keeps residue on the soil
• RTK GPS for precision 

planting

Presenter
Presentation Notes
A few producers in Ohio are applying phosphorus using fall strip-till banding. This is an innovative method for putting P in the right place while keeping crop residue in its right place. The system requires RTK GPS for precision planting, and takes more time than fall broadcasting. A few questions to consider: how will we motivate expanded use of this system? How will we recognize and reward the growers who step up to take on these additional expenses and workload for the benefit of the lake? And further, if we put a cover crop in this system, how much more productive can we make it?



Strip tillage with granular 
placement puts P in the right 
place – and controls erosion.

Presenter
Presentation Notes
In Chatham-Kent in Ontario, Southwest Ag Partners is offering a different form of strip till band applications for phosphorus fertilizer. The placement is not as deep but by mixing the fertilizer with the soil, opportunity for loss in surface runoff should be reduced. How effective? It’s being evaluated – but that does cost money.



4R efficacy for reducing P loss, % reduction

Dodd & Sharpley, 2015. Nutrient Cycling in Agroecosystems.

1. Wide range of efficacies demands more site-specific focus.
2. Trade-off between dissolved and particulate is important. 

Practice Dissolved P Particulate P

Source --- ---
Rate 60 to 88% negligible
Time 41 to 42% negligible 
Place 20 to 98% -60% to NS
Soil inversion NS to 92% -59% to NS
Conservation tillage -308 to -40% -33 to 96%

- ranges found in field experiments across the USA and Canada

Presenter
Presentation Notes
One review of efficacy of practices for phosphorus loss reduction was published last year by Dodd and Sharpley. It identified wide ranges in efficacy, and sometimes trade-offs between dissolved and particulate forms. The ranges are too wide, likely, to apply to quantifying the impact of specific practices at the farm level. But it also shows that reductions in dissolved losses from rate, time and place can be large. The rate reductions are primarily from moving to P-based, as compared to N-based, manure management. Placement can reduce dissolved P loss by up to 98% but risks increasing particulate losses. Conservation tillage, while it most often decreases loss of particulate P, generally increases loss of the dissolved form. No BMP is best at every outcome everywhere. This is why quantification is important. 



2.7M acres in OH-IN-MI 
extending to all of Ohio



Phosphate Rock Reserves and Quality 

• Grade
• P2O5 content
• Trace elements – Cd, etc.
• Phosphogypsum – 5 tons per ton of phosphoric acid



Map of World P Resources
250 billion tonnes
in >100 countries

Sources: IFDC; USGS (2002, 2013)

Presenter
Presentation Notes
Phosphate rock is produced in about 35 countries – five account for 80% of world production.  There are two main types of PR deposits: sedimentary and igneous.  Sedimentary deposits make up the majority (about 80%) of the world’s production of PR.Phosphate rock resources remain extensive, exceeding 250 billion tonnes, with natural deposits identified in more than 100 countries. Ref: -USGS (2013): Annual Mineral Yearbook- Phosphate Rock -USGS (2002): Data Set of World Phosphate Mines, Deposits, and Occurrences Van Kauwenbergh, S., Steward, M., & Mikkelsen, R. (2013). World reserves of phosphate rock: A dynamic and unfolding story. Better Crops, 9(97), 18–20 Indeed, environmental concerns will inhibit the extraction of phosphate ore from environment-sensitive areas; regulators are nowadays increasingly probing every new phosphate project with more stringent environmental lenses; some recent cases in Namibia and New Zealand where P projects have been halted reflect this trend. In other instances, environmental considerations would reduce the mineable reserves from a given resource potential; such examples have emerged in the USA.  The second point would highlight the effect of new technologies, which would allow the mining of low grade ore that, until now, has proven to be uneconomic. Upgraded/modified calcination technologies are currently being developed. A few companies have already set up pilot demonstration units (for instances: JDC’s Improved Hard Process technology; EcoPhos process, etc). In addition, the emergence of P recycling technologies would also allow to tap the current P stock : you may check the excellent papers by Willem Schipper on the topic of technical advances in phosphate recycling: Willem Schipper Consulting, Netherlands



“No matter how much phosphate rock 
exists, it is a non-renewable resource”

IFDC, 2010

Country 2014-15 
Production Reserves R/P ratio

Mt Years

Morocco 30 50,000 1670

South Africa 2 1,500 750

Jordan 7 1,300 186

Russia 12 1,300 108

USA 26 1,100 42

China 100 3,700 37

World Total 220 69,000 314

Source: USGS, 2016

Presenter
Presentation Notes
Will phosphate rock production reach a peak in 2030? Will there be a peak phosphorus just like peak oil? Phosphate rock deposits are indeed a non-renewable resource, and finite resources need to be considered in any discussion of sustainability. The real question is how soon and how urgent. After the publication of the peak phosphorus concept in 2009, a more extensive look at reserves around the globe quadrupled their estimated size in 2010. The Hubbert curve approach has been criticized in several substantial papers published since 2009. The reserve to production ratio is over 300 years, though admittedly much shorter in the USA and China. Geopolitical concerns are often raised, considering that 80% of production comes from five countries, and over 70% of reserves are located in one country. But phosphate rock is found in many countries. Known reserves total to 69 billion tonnes. But reserves are very strictly defined. ***********************The International Fertilizer Development Center published a technical bulletin (Van Kauwenbergh, 2010) called “World Phosphate Rock Reserves and Resources” which, while highlighting the industry’s concern for finite resources, shows that current reserves are considerably larger than previously thought, sufficient for over 300 years at current rates of extraction. The reserve figures in this publication are in agreement with the USGS (2013) publication of mineral commodity summaries. In addition, the International Plant Nutrition Institute has published a 2013 article “World Reserves of Phosphate Rock…a Dynamic and Unfolding Story” which points out that over the past decade or so there has been concern that the world would soon deplete its phosphate rock resources, and face a catastrophic phosphorus shortage; however, recent and thorough estimates of world supply indicate that a crisis is not imminent, and that we will not soon run out of phosphate rock. More recent published material (e.g. Scholz and Wellmer, 2013) show that the concept of “Peak P by 2030,” usually attributed to Cordell (2009), is based on outdated reserve estimates and methodology and has been criticized because it over estimates the urgency of the phosphorus supply risk. The Hubbert curve approach has also been shown to be inaccurate and unrealistic (Hendrix, 2011). In addition, Sutton et al. (2013; figure 2.9 on page 15) point out that many other important commodities, including crude oil and natural gas, and the important micronutrient zinc, have much shorter estimates for reserve life than does phosphate.



Putting phosphorus 
reserves into context: 
Changes in estimated 
reserves of different 
commodities as 
estimated in 2002/2003 
and 2010 (Based on 
Scholz & Wellmer, 2013; 
U.S. Geological Survey, 
2012a; U.S. Geological 
Survey, 2012c). *Ratio 
of estimated reserve to 
annual mine production. 

Sutton et al. 2013. 
Our Nutrient World.
Global Partnership on 
Nutrient Management. 

Presenter
Presentation Notes
The Global Partnership in Nutrient Management’s “Our Nutrient World” publication indicates a number of important commodities, including crude oil, natural gas and zinc have shorter reserve lives than P. With recent revisions to the estimates of reserves, the estimated life of phosphorus reserves is now similar to those of potash and magnesium, and well into the hundreds of years. It is worth noting that the estimated life of the important micronutrient zinc is far shorter. �



Cover of The Fertilizer Review Vol. 
XIII, March–April 1938, No. 2, 
illustrating the role of the 
undeveloped Western phosphate 
deposits in U.S. phosphorus supply 
considerations. Depletion 
concerns about national PR 
reserves were eminent at the 
time but could not be 
substantiated.

Global ore tonnage and grade:
1983: 513 Mt @ 14.3% P2O5

2013: 661 Mt @ 17.5% P2O5

Andrea E. Ulrich. 2016. Science of 
The Total Environment 
542(B):1005-1168

Steiner et al., 2015, CRU report.

Presenter
Presentation Notes
On a global scale, the ore capacity tonnage and average grade of ore mined have increased in the past 30 years, from 513 Mt at 14.3% P2O5 in 1983 to 661 Mt at 17.5% P2O5 in 2013. This counters the claims that the quality of reserves is diminishing globally, but the global averaging process masks the true trends in grade in individual countries and deposits.  Gerald Steiner, Bernhard Geissler, Ingrid Watson, Michael Mew – 2015 – CRU analysisPrud’homme (2016): “The second point would highlight the effect of new technologies, which would allow the mining of low grade ore that, until now, has proven to be uneconomic. Upgraded/modified calcination technologies are currently being developed. A few companies have already set up pilot demonstration units (for instances: JDC’s Improved Hard Process technology; EcoPhos process, etc). In addition, the emergence of P recycling technologies would also allow to tap the current P stock : you may check the excellent papers by Willem Schipper on the topic of technical advances in phosphate recycling: Willem Schipper Consulting, Netherlands”



Summary
• With 4R, nutrient service providers can engage the 

sustainability movement to build social trust. 
• Site-specific 4R phosphorus practices limit dissolved losses and 

need to be synergized with conservation practices controlling 
particulate losses. 

• Opportunities to recycle phosphorus could reduce strain on 
finite natural resources, and can improve water quality where 
soil P is in surplus.
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