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Presenter
Presentation Notes
Traditional phosphorus management emphasized alleviating deficiencies by building up and maintaining soil-available phosphorus. Society's increasing expectations for sustainability translate to pressure to improve efficiency and reduce environmental impact. Improving phosphorus use efficiency involves making better use of the P in manures and other wastes. Reducing environmental impact means reducing the losses of all forms of P. Join Tom Bruulsema, Ph.D., as he describes how a practical consideration of all 4Rs–right source, right rate, right time, and right place–can make big contributions toward achieving both goals. 

https://twitter.com/IPNIstewardship
https://twitter.com/IPNIstewardship


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

Its mission is to 
promote scientific 
information on 
responsible 
management of 
plant nutrition.

Presenter
Presentation Notes
I work for the International Plant Nutrition Institute, which is supported by producers of plant nutrients. Its mission is to promote scientific information on responsible management of plant nutrition.



Outline

1. 4R Nutrient Stewardship & Sustainability
2. Key phosphorus issues in agricultural sustainability

1. Crop yield limitation (productivity)
2. Optimum levels of soil P fertility (soil health)
3. Natural resource consumption (nutrient use efficiency)
4. Phosphorus loss (water quality)

3. Phosphorus management in 4R Implementation 
– Western Lake Erie Watershed 4R Certification
– Certified Crop Adviser Specialties

• Slides: available at http://phosphorus.ipni.net

Presenter
Presentation Notes
Last week, Laura Christianson noted that P is different from N, that very small amounts can cause water quality problems, and that lots of good P loss reduction practices are available but not all of them are effective for every location. She noted the best option is to keep P in the field.Today my focus will be on practices in the field, particularly the 4Rs of nutrient stewardship, putting the right source of phosphorus on at the right rate at the right time and in the right place. I will explain how this 4R program connects to sustainability and its key issues: crop yields, soil fertility and health, natural resources consumption, and water quality. Then I will discuss how several recent initiatives have implemented 4R principles. These initiatives include the Western Lake Erie 4R Certification, centered in Ohio, and two new specialties recently introduced to the Certified Crop Adviser program. These slides are available in PDF at the website indicated here. 



Ancaster, Ontario – 26 June 2009 – tilled corn
SOIL EROSION IS A REAL RISK

Presenter
Presentation Notes
Intense rainfall on conventional tillage moves soil. This example of erosion resulting from a sudden two-and-a-half inch downpour a few years ago is from my brothers farm, where I grew up, south of Hamilton, Ontario. While the farm has transitioned from annual moldboard plowing to rotational chiseling before corn, keeping erosion under control is still important.



Northwest of Guelph, Ontario – 6 April 2014 – no-till 
DISSOLVED P IN RUNOFF – AN INVISIBLE RISK

Presenter
Presentation Notes
A photo from a no-till field northwest of Guelph in the spring shows how crop residue keeps the sediment out of the water. But this more or less clear runoff water could be unreasonably high in the invisible dissolved form of P, under some conditions. The critical manageable factors include whether the surface soil is unreasonably enriched in P, or whether recent applications of manure or fertilizer P have been left on the surface. Runoff happens; we need to manage P to minimize its exposure to runoff.



4R: “right” means sustainable

“Building public trust”

Presenter
Presentation Notes
In the 4R Nutrient Stewardship concept, right means sustainable. We look at 4R as a means of building public trust to ensure the sustainable future of our industry. The food supply chain wants to improve the environmental footprint of its products. For this reason, we are engaging with Field to Market to represent 4R practices for managing both nitrogen and phosphorus in its FieldPrint Calculator. Applying 4R principles ensures consistency of messages and actions all along the food industry supply chain.  



ACTION
Change in practice

Farm Level
Producers, 
Crop advisers

DECISION 
Accept, revise, or reject

EVALUATION of OUTCOME  
Cropping System 

Sustainability Performance

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

Regional Level
Agronomic scientists, 

Agri-service 
providers

DECISION SUPPORT based 
on scientific principles

Policy Level – Regulatory, 
Infrastructure, Product Development LOCAL SITE 

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

•Ecosystem 
vulnerability

4R Adaptive Management for Plant Nutrition

Presenter
Presentation Notes
The 4Rs include adaptive management. Our vision of adaptive management for plant nutrition includes cycles of decision, implementation and evaluation. We get consistency for all scales by making sure that the evaluation criteria, essential the performance metrics, are the same for all. What’s new in sustainability thinking it that profitability is no longer the only performance metric. It’s still an important one, of course, because no unprofitable farm can be sustainable. But our rethinking for phosphorus management is “profitability and…” Profitability and soil health. Profitability and soil phosphorus fertility. Profitability and water quality. How do these metrics fit into the bigger picture?



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

Presenter
Presentation Notes
The crop nutrition industry has been talking internally about performance metrics for quite some time. We—TFI, IPNI and Fertilizer Canada—got together and 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. From the phosphorus perspective, the actions are the source-rate-time-place combinations in which phosphorus is applied, and the key metrics are productivity, soil health, nutrient use efficiency and water quality. The 4Rs of phosphorus application affect crop yields, soil phosphorus fertility, phosphorus use efficiency and phosphorus losses to water. Those are the four impact areas I will be dealing with in the rest of this webinar.



P Uptake & Partitioning for 230 Bushel Corn
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Average of 6 hybrids in Champaign and DeKalb IL in 2010

Season long uptake 
(over 50% during 
grain filling), 
extensive vegetative 
remobilization,   
high harvest 
index

Agron. J. 105:161-170 (2013

Dr. F.E. Below, 
University of Illinois

Presenter
Presentation Notes
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 few slides are compliments of Dr. Fred Below at the University of Illinois. These 2010 data from two sites and six hybrids show that high-yielding corn can take up 100 pounds of P2O5, that the uptake continues to the day of maturity, and that almost 80% of it ends up in the grain. 



Nutrition Needed for 230 Bushel Corn

Average of 6 hybrids in Champaign and DeKalb IL in 2010.

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

Presenter
Presentation Notes
No other nutrient is as efficiently mobilized into the grain as phosphorus. Since it is also removed with harvest, it has always been important to base rates recommended on replenishing this removal, usually by accurately measuring the yield goal and applying a coefficient – for corn, it’s generally around 0.35 pounds P2O5 per bushel and that where it is in this example.Dr. Below’s research has been exploring whether the high yields aimed for with intensive management – high populations, narrow rows and high levels of other inputs – require higher levels of soil phosphorus as well. 



Banding Fertilizer 4-6  Inches Deep 
Directly Under the Future Crop Row

Dr. F.E. Below, 
University of Illinois

Presenter
Presentation Notes
Part of his research program examines “right place.” This machine applied phosphate fertilizer in a band 4 to 6 inches deep under the future crop row. 



Improved Growth with Banded Fertility

35 N, 100 P2O5, 25 S, and 2.5 Zn in pounds per acre Champaign, IL 2011

Dr. F.E. Below, 
University of Illinois

Presenter
Presentation Notes
Visual observations suggest the corn seedling growth responded to the nutrients placed in that band.



UTC       6”             0”
Growth Response to Banded Fertility

Champaign, IL 2014

V6
growth 
stage

35 N, 100 P2O5, 25 S, and 2.5 Zn in pounds per acre 
Dr. F.E. Below, University of Illinois

Presenter
Presentation Notes
Comparing an untreated control to those that had bands either 6 inches away from the row, or directly below, showed that the seedling response was strongest when the nutrients were directly below. It’s also important to note that the fertilizer contained nutrients other than phosphorus as well, including nitrogen sulfur and zinc. 
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Champaign, IL 2014

Dr. F.E. Below, 
University of Illinois

Presenter
Presentation Notes
Not all seedling responses translate into yield. But these data showing the final yield attained over a series of distances between the deep band and the row confirm that at short distances, band placement supports higher yields than broadcast phosphorus, and both produced higher yields than the untreated control.These data support the need for phosphorus, and the agronomic efficacy of band placement. They may suggest, but they don’t really confirm, the need for higher soil test phosphorus levels as crop yields increase. It may still be sufficient to just replenish the higher nutrient levels, at the same optimum level of fertility. 



Most Roots Expand Only 6 Inches 
Horizontally 

Root System at R5, 32,000 plants/acre

Dr. F.E. Below, 
University of Illinois

Presenter
Presentation Notes
Dr. Below points out that the individual plant’s root system is most dense within a six-inch radius of the base of the stem.  For this reason, and also considering the importance of early season crop nutrition for phosphorus, band placement is effective agronomically. 



How much of crop yield can be attributed to P?

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) 

Presenter
Presentation Notes
We are 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. So we could say that long-term, at least a quarter of our crop production depends on the phosphorus we are applying, and wouldn’t be there without it. 



How much crop 
yield can be 

attributed to P in 
the short term 

(one year)?
• 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 (Figure 8.5, Illinois 
Agronomy Handbook)

Presenter
Presentation Notes
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. Even though the short term response is small, P use in agriculture clearly plays a large role in supporting increased crop productivity, the first of our four key outcome metrics.



Illinois soil test P declined from 2001 to 2015

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 >50
Bray and Kurtz P1 soil test, ppm

http://soiltest.ipni.net

2015: 39% of soils
below critical

20% 
optimal

Presenter
Presentation Notes
So, how larger a proportion of Illinois soils might be in this responsive zone, below the critical level? Illinois actually has three regions with different critical levels for phosphorus. 20 ppm is an average. Based on that estimate, IPNI’s latest soil test summary estimates that 39% of the soils are below critical. Just as in the 2010 data shown by Laura Christianson last week. Only about 20% of the soils are in the optimal zone, where application rates to replenish removal are usually recommended. That leaves about 40% of the soils testing at levels where either no phosphorus fertilizer is required, or at most a small amount of starter, supplying less than crop removal, would suffice. The wide range of soil test phosphorus levels underscores the importance of soil sampling. Numbers of samples are generally increasing over time, but if everyone was following recommendations, the proportion of soils in the optimum range should be much higher than 20 percent!



Indiana, Illinois & Iowa

% of samples at each level of soil test P

0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 >50
Bray and Kurtz P1 soil test, ppm

http://soiltest.ipni.net

Presenter
Presentation Notes
Expanding to a broader area by including Indiana and Iowa, the trend to increasing proportions of soils below critical is less pronounced, but still there.



0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 >50
Bray and Kurtz P1 soil test, ppm
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20%

10%
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http://soiltest.ipni.net

On average, soil test P changed little from 2001 to 2015.

Presenter
Presentation Notes
Going to the full dataset for the United States, on average, soil test P has changed very little from 2001 to 2015. Nevertheless, the range of soil test P is very wide. When we look at individual states like Illinois, we can see changes of concern when we look at the soil fertility metric, an important component of soil health. That’s why it is the second of our four key impact metrics.



PUE: Ratio of removal to use varies across US cropland

2011

Presenter
Presentation Notes
The third of our four key metrics is nutrient use efficiency. In the case of phosphorus the most useful expression is the ratio of removal to use; crop removal divided by the amount applied as fertilizer and manure. IPNI tracks this ratio using a tool called NuGIS which is publicly accessible on the web. The first point that jumps out of this map is the variability. Unlike corn and soybeans, there are crops that need to be fertilized at levels greater than their nutrient removal. And there are areas with high soil test phosphorus that can produce high yields for many years while being fertilized with less than they remove. But look at how widely these ratios vary. A large section along the southern Mississippi River removing more than five times what is applied. Pockets in the east where the amount applied is five times greater than what is removed. Some of these areas have opportunities for improved efficiencies. 



Phosphorus Balance, USA – on average, seldom in deficit

Presenter
Presentation Notes
The phosphorus balance also varies over time. Here I plot the sum, over all the USA, of phosphorus applied as manure in red, fertilizer in blue, and compare the two combined in green to the crop removal shown in purple. We can see that on average over the country as a whole, phosphorus most often applied in a slight surplus. We need to keep in mind, though, that where manure is applied, it is usually considerably in surplus of crop removal, and thus there must be other areas where applications are not replenishing all that the crops remove. 



Phosphorus Balance, corn belt – on average, seldom in surplus

Presenter
Presentation Notes
Case in point, here is the phosphorus balance for three states combined, Indiana, Illinois and Iowa. For the most part of the past twenty years, on average in deficit, except during 2012 when drought dramatically cut crop removal. So the nutrient use efficiency metric – in this case the phosphorus balance – is providing us insight into why soil tests are changing, and is helpful in predicting future impacts of current phosphorus management on productivity. The phosphorus balance is also quite scalable – it can be calculated quite easily at the field, farm, regional or national scale. 



Biosolids – a useful but small source of P
1. Amount of P in biosolids is roughly equal to dietary P supply.
2. Total biosolids from sewage treatment in North America 

contains an equivalent of 8% of crop P removal.
3. Currently, half the biosolids are land applied, to less than 1% 

of the cropland.
4. Good source of zinc.
5. Low analysis sources:

1. Issues with bulk and transportability.
2. Accuracy of reported nutrient analysis – “guaranteed minimum” 

does not apply well to bulk materials

Presenter
Presentation Notes
NuGIS does not currently include the nutrients in biosolids. This is not a big discrepancy in the phosphorus balance, because the amount land applied is only half of the total, thus amounting to 4% of total crop removal, and are applied to less than 1% of the land area. Biosolids treatment for land application is improving, and they can be good sources of zinc as well as phosphorus for crop nutrition. They are, however, still generally low analysis sources with issues of bulk and transportability. Also, the concept of guaranteed minimum that works well with commercial fertilizers does not always accurately represent the total nutrient value in a biosolid material.



World Phosphate Rock Reserves

Source: USGS, 2016 - http://minerals.usgs.gov/minerals/

Country 2014-15 
Production Reserves Reserve 

Life

Mt Years
Algeria 1 2,200 2,200
China 100 3,700 37
South Africa 2 1,500 750
Jordan 7 1,300 186
Morocco 30 50,000 1,670
Russia 12 1,300 108
USA 26 1,100 42

World Total 220 69,000 314

P

Presenter
Presentation Notes
One reason for ensuring phosphorus use efficiency is to minimize depletion of finite natural resources. There has been considerable academic discussion of phosphorus reserves for many decades, with a recent surge around 2009 with the emergence of the “peak phosphorus” concept. Estimates of the end of economically extractable phosphate rock range from decades to centuries, but most authorities now accept that it’s at least a hundred years away. The IFDC 2010 report resulted in almost a four-fold increase in the estimate of world total reserves. Previously estimated at 16,000 MMT, they are now considered to be 69,000 MMT. Most of the increase was for the country of Morocco, a country that still has vast resources.A simple calculation of reserve life, dividing current production levels by reserves, gives an estimate of a 314-year PR supply for the world. We have seen, however, that global PR consumption is forecast to continue increasing, thus reserve life here is underestimated. We have also seen, however, that over time new resources get added to reserves and that reserves are not a static number. In that sense these estimates of reserve life are conservative. http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/mcs-2016-phosp.pdfIFDC definitions:Reserves – phosphate rock that can be economically produced at the time of the determination using existing technology; reported as tons of recoverable concentrateResources – phosphate rock of any grade, including reserves, that may be produced at some time in the future; reported as tonnage and grade in situOnly a fraction of the resources are technically and economically suitable for production at any point in time.



Figure 2.9 Putting 
phosphorus and 
potassium (potash) 
reserves into context.

Zinc likely to run out 
long before phosphate. 

Sutton et al. 2013. Our Nutrient 
World: The challenge to 
produce more food and energy 
with less pollution. Global 
Partnership on Nutrient 
Management. 

Presenter
Presentation Notes
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 reserve life of the important micronutrient zinc is far shorter. While we agree that phosphate rock is a finite resource and should be used carefully, this “sourcing” issue seems to many of us less urgent than the final fate issue – the impact of phosphorus losses on water quality, which is the fourth of our key impact metrics. �



Lake Erie: prone to blooms because of its 
shallow depth

Presenter
Presentation Notes
One example of a water quality issue related to phosphorus is Lake Erie. As the shallowest and warmest of the Great Lakes it is particularly prone to algal blooms. Its watershed is the largest, and most heavily influenced by agriculture. This watershed is also located on the eastern side of the Corn Belt – generally it gets more rain, and its soils hold less organic matter as compared to Illinois and Iowa. Those factors may influence the forms and seasonality of phosphorus loss impacts. In other words, some practices like broadcast application and late fall application may have different risks here than where you work. 



Western Lake Erie 
watershed: 
increasing trends in 
both crop yields 
and phosphorus in 
the rivers.

GLWQA Annex Nutrients Committee, May 2015. David Baker & Laura Johnson, 
National Center for Water Quality Research, Tiffin, OH. Cropland data from IPNI NuGIS.

40%
reduction target

Presenter
Presentation Notes
Algal blooms in lake Erie have increased since the mid 1990s, along with monitored increases in dissolved phosphorus in its tributaries. The largest tributary, the Maumee River, drains around 4 million acres of 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. This past year, dissolved P, represented as DRP in these figures, increased dramatically again. The main reason: record high rainfall and riverflow during the months of June and July. Under the Great Lakes Water Quality Agreement, reduction targets of 40% have recently been set, using 2008 as baseline. Looking at concentrations, the target’s level of ambition is clear: it aims for a level of DRP concentration not achieved once in the past 16 years. It aims for that condition to be achieved 9 years in 10.While some nutrient loss issues show correlation with nutrient use efficiency, the increasing trend in dissolved phosphorus is not linked to an increase in phosphorus surplus. In fact the trend if anything is almost the opposite. Crops are removing more phosphorus, but application rates have generally not increased, and deficits are more common in recent years.There is much we don’t understand about this increasing trend in dissolved phosphorus, but there are solutions with potential to improve the situation. 



WLEB 4R Certification Program

Presenter
Presentation Notes
There are many theories as to why dissolved phosphate losses are increasing. Some attribute it to no-till; some to the fact that very little true no-till is practiced. Some attribute it to less acidity in the rain. Not all the contributing factors are know, but there are some obvious combinations of source, timing and placement that could help reduce risk of loss. So over the past five years or so a 4R certification program for ag retailers has emerged for the Western Lake Erie Basin. The program involves many criteria related to training, record-keeping, recommendations and custom applications. Here are some examples of the program criteria. 4R recommendations include all sources applied, so that the phosphorus value of manure and biosolids is not neglected. Under right rate, typical land grant university recommendations are required, unless results of adaptive management research in the local area supports something different. Under right time: application on frozen or snow covered ground is ruled out, and there is a criterion requiring the applicator to watch the weather forecast for storm events that could generate runoff. The criteria encourage right place application, using variable rate, injections, subsurface banding or incorporation wherever possible. 



WLEB 4R Certification Program

1.2M acres! http://4Rcertified.org/

Presenter
Presentation Notes
As of a few months ago, the program has recognized 25 branch locations with third party verified certification. These 25 locations reach a total of 1.8 million acres, 1.2 million of which fall in the Lake Erie Watershed.



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
Presentation Notes
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. 



Edge-of-field comparison shows higher 
DRP loss with broadcast P on no-till

TD2

TD1

0 50 100
meters

Drainage area
Tile outlet
Rain gauge

Ohio, USA

UBWC

Soil type: Silt loam
Tile depth: 36”
Soil test P: 30 ppm Mehlich-3P
Tillage: No-till

2014 management
May 6th – Applied MAP @ 180 lb/A
May 8th – Tilled field TD1 (disc)

(TD2 remained no-till)

Study Objective
Compare P transport before and 
after tillage and between tilled and 
no-till fields

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. Located in the center of Ohio, it’s not actually in the Lake Erie watershed, but the soil is very similar. 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 P reduced DRP loss by 70% over 5 rain events (from 0.8 lb P2O5/A) 

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 the first event and by 70% over the first five. Total loss: only 8/10ths of a pound! 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. 
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15-year no-till sites, corn-soybean rotation. Tillage 12 April with “finisher” 
chisel plow to 6” depth. Residue cover 57% for NT and 20% for RT. Rainfall 
applied 22 June to 2 July. Smith et al. 2007. Soil & Tillage Research 95:11–18

Rotational tillage & dissolved P – Waterloo, IN
one day after 0-46-0 fertilizer surface applied @ 100 lb/A P2O5

P2O5 loss
7.3 lb/A 
2.5 lb/A

Presenter
Presentation Notes
This study’s results also confirm that small amounts of P loss can dramatically increase concentrations in runoff. It was conducted in a long-term no-till field near Waterloo, Indiana, in the Maumee River watershed. Part of the field was tilled with a finisher chisel plow in the spring. Then a rainfall simulator was brought in for the second half of June. One day after applying phosphate fertilizer to the soil, rainfall was applied at 2, 3, 1 and 4 inches per hour. The resulting runoff had high P concentration, many times higher than the 0.05 target for the Maumee River. Losses from either soil amounted to less than 10% of the fertilizer applied. The tilled soil lost less than the soil that remained no-till. Losses prior to fertilizer application, however, were many times lower than what is shown here. So the main point here is that leaving phosphate fertilizer on the soil surface is the big risk. The second point is that the risk of leaving it on the surface is particularly high in no-till. Fig. 3. Mean values of dissolved phosphorus concentrations in runoff water with time and the corresponding rainfall intensities for rainfall simulations before the application of fertilizers (A) and after the application of inorganic N and P fertilizers (B).



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 8”. Data 
from Gál (2005) and Vyn (2000). Fertilizer P applied broadcast.

Soil test P stratifies when moldboard plowing stops
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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. 



Tillage increases 
erosion, but no-till 
can increase 
dissolved P 

Figure 9. The conversion of 
conventional moldboard plow wheat 
to no-till wheat decreased total P 
transport in surface runoff but 
increased dissolved P in runoff and 
ground water nitrate (3 to 25 m) for 
several watersheds in Oklahoma. Data 
from Sharpley and Smith 1994. 

USDA-ARS. 2006. Best Management Practices To Minimize Agricultural Phosphorus 
Impacts on Water Quality

Presenter
Presentation Notes
These data from an Oklahoma wheat study show the typical effects of tillage on the two forms of phosphorus loss. The results are a summary over several watersheds. Going to no-till reduced total P concentrations in surface water from 4-5 ppm to less than 1 ppm. But it increased the concentration of dissolved P in runoff about fourfold, to almost all of the 1 ppm of total. Many studies show similar results. It should be noted that the fertilizer placement here was on the surface, and the no-till implementation reduced grain yields. In situations where fertilizer is banded sub-surface, less increase in dissolved P runoff would be expected.[This study considers the impact of conventional-till (moldboard plow or sweeps) and no-till wheat (Triticum aestivum L.) management practices on surface and groundwater quality. Concentrations and amounts of sediment, nitrogen (N), and phosphorus (P) in surface runoff, and associated nutrient levels in ground water were determined for seven dryland watersheds at two locations for periods up to 14 years. In general, annual surface runoff was similar for both tillage practices, ranging from 6 to 15 cm. Compared with conventional till, no-till reduced sediment, N, and P loss an average of 95%, 75%, and 70%, respectively. Concurrently, elevated levels of dissolved P (maximum 3.1 mg l−1) in surface runoff, and nitrate-N in ground water (maximum 26 mg l−1) were observed. About 25% more available soil water was in the no-till soil profiles, but this did not translate into increased grain yield. Instead, no-till grain yields were reduced an average 33% (600 kg ha−1) compared with conventional till, which is attributed to a lower availability of surface applied fertilizer, and increasing cheat (Bromus tectorum L.) and associated weed problems. From an overall agronomic and environmental standpoint, our results indicate that the management of no-till systems should include careful fertilizer placement and timing.]Wheat tillage and water quality in the Southern plainsAndrew N. Sharpley, S.J. Smith 1994 Soil and Tillage Research



The Heidelberg 
University Tributary 

Loading Program

Honey Creek 
Watershed:
• 95,000 acres
• ~80% row crops
• drains into the 

Sandusky River

P loss monitored at a watershed scale

Presenter
Presentation Notes
So far we have been reviewing edge of field losses resulting from specific events. Studies by Heidelberg University offer an opportunity to assess loss at a watershed level. The Honey Creek Watershed drains about 95,000 acres, most of which are cropped to corn and soybeans with a little wheat. 



Right Time

1. Intense rainstorms following broadcast of P can generate high P concentrations in runoff 
but the direct agronomic or economic importance can be minimal. 

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

DRP load/ha of watershed

0.32 lb
P2O5/A

0.18 lb
P2O5/A 

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. 



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
Currently about 4% of the phosphate fertilizer is applied in strip till bands. 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? If we put a cover crop in this system, how much more productive can we make it?  Can this system increase yield potential as suggested by Dr. Below’s research in Illinois?



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

Presenter
Presentation Notes
Here is another approach with the ETS Soil Warrior. This machine can move faster because the strip tillage is done with discs. The phosphorus is mixed with the soil, but not as deep as when knifed in or as in Dr. Below’s research. One dealer in Southwestern Ontario is evaluating this system. 



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



Practice Advantages (Benefits) Limitations (Costs)

S – MAP or DAP
R – rotation removal 
T – fall
P – broadcast   

Minimal soil compaction
Allows timely planting in spring
Low cost fertilizer form
Low cost of application

Risk of elevated P in runoff in 
late fall and winter
Low N use efficiency

S – MAP or DAP
R – rotation removal 
T – spring
P – broadcast   

Minimal soil compaction 
Better N use efficiency
Low cost fertilizer form
Low cost of application

Risk of elevated P in spring 
runoff before incorporation
Potential to delay planting
Retailer spring delivery capacity

S – MAP or fluid APP
R – one crop removal 
T – spring  
P – 2” x 2” band 

Low risk of elevated P in runoff
Most efficient use of N 
Less soil P stratification

Cost and practicality
Potential to delay planting
Retailer delivery capacity
Cost of fluid versus granular P

S – MAP or DAP
R – rotation removal 
T – fall
P – banded in zone 

Low risk of elevated P in runoff
Maintain residue cover
Allows timely planting in spring
Less soil P stratification

Cost of RTK GPS guidance
Cost of new equipment 
More time required than 
broadcast

Choice of 4R practice considers costs and benefits in terms of all 
key outcome metrics: yield, soil health, NUE, and water quality.

Presenter
Presentation Notes
The choice of practices in an adaptive management approach needs to consider all the advantages and limitations of the different source-rate-time-place combinations available. Essentially, these are the costs and benefits in terms of the key outcome metrics. These costs and benefits will differ in different regions. The results I have shown from Ohio and Indiana today may or may not apply to Illinois and Iowa and Minnesota—or they may apply to only some parts of those regions. The Nutrient Reduction Strategies of Iowa and Illinois so far include only total phosphorus loss, not dissolved. Moving from practices with risk of elevated P in runoff may entail cash costs. Broadcast application offers flexibility in timing and often the lowest application cost. In soils with optimum P levels, band and broadcast applications do not differ in terms of availability to the crop and crop response. But they do differ in risk of runoff loss. To minimize P losses from broadcast applications, it is important to apply when the risk of runoff is low. Runoff events are more frequent in late fall, winter and early spring. Ideally all P would be applied at planting, but limited storage capacity and equipment availability often make this impractical. Practices like fall band application with strip tillage or zone tillage, or point injection, need to be considered. We need more research to accurately quantify the benefits of these practices, to help in making decisions.



Certified Crop Adviser Specialties

• 4R Nutrient Management Planning Specialist
– Performance objectives effective May 2015
– Over 60 people wrote August exam, ~50% pass rate
– Ontario version in development (CCA Ontario and Fertilizer Canada)

• Sustainability Specialty Exam 
– Performance objectives effective May 2015
– Launched November 2015 in Minneapolis, MN
– First exam August 2016 (postponed from February) 
– References 4R Nutrient Stewardship

Presenter
Presentation Notes
Certified Crop Advisers are crucial to the implementation of 4R Nutrient Stewardship. The 4R nutrient management planning specialist will be expected to have a higher level of knowledge about managing environmental risks associated with nitrogen and phosphorus. The Sustainability Specialist will have broader knowledge of how to connect to sustainability systems and report on key performance metrics. 



Summary – Sustainable 4R Phosphorus Thinking

• Sustainability thinking balances economic, environmental 
and social costs and benefits

• 4R “rights” consider consumer & public priorities in 
assessing impacts of management practices

• Source, rate, time & place for phosphorus application
– Keeping P from limiting crop yields
– Maintaining optimum soil P levels minimizing stratification
– Efficiently using finite natural resources
– Improving water quality by reducing P loss

http://phosphorus.ipni.net/

Presenter
Presentation Notes
I hope this presentation has motivated you to rethink how you link phosphorus practices to consumer and public priorities. 
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