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Presenter
Presentation Notes
As the world’s population grows by a projected two billion people by 2050, it is estimated that global food production will need to increase considerably. Commercial fertilizers will undoubtedly play a vital role in meeting this goal. The challenge faced by the agricultural industry is increasing output in a sustainable manner to reduce environmental impact while producing wholesome products. The US agricultural system has made great strides over the past 50 years, which is reflected in an increase in both efficiency and productivity, producing more agricultural outputs with fewer inputs. Water quality metrics, however, have fallen short of meeting established goals. Phosphorus loss from agricultural watersheds is controlled by complex interactions of physical, chemical, and biological variables together with dynamic hydrologic processes. These interactions vary across a range of spatial and temporal scales, making their resulting effect site specific. Anthropogenic activities have altered phosphorus transport processes in agricultural fields and watersheds, while climatic variables influence the rate, quantity and mode of nutrient transport across the landscape. Maintaining agricultural productivity in our changing system requires constant adaptations and modifications by producers to minimize nutrient losses from their fields or livestock operations. This presentation will outline regional challenges confronting the US agricultural system, discuss 4R sustainability metrics, and summarize findings from 4R Research Fund edge-of-field water quality projects.



The International Plant Nutrition 
Institute is supported by leading 
fertilizer manufacturers.
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Presentation Notes
IPNI is a research and education organization with a mission to develop and promote science for responsible management of crop nutrition. 
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Presentation Notes
With all good things there comes an end….. Some of you may have heard the 



Global population >9 billion by 2050

Data Source: UN, 2017

Growth of 2 billion! 
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As the world’s population grows by a projected two billion people by 2050, sustainable nutrient management will be critical for meeting demands for ag products while minimizing environmental losses.

Less than 35 years away!




4R Nutrient Stewardship:

Right Source of fertilizer

Right Rate for crop needs

Right Time to match crop uptake

Right Place so crops can utilize

Presenter
Presentation Notes
One effort to support sustainable nutrient management is through the adoption of 4R Nutrient Stewardship. …..






Enablers
(process 
metrics)

Actions
(adoption metrics)

Outcomes
(impact metrics)

Nutrient Stewardship Metrics for 
Sustainable Crop Nutrition

Presenter
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The 4R approach provides a science-based framework for plant nutrition and sustained crop production.

The connection between the practices and the benefits must be understood well, not only by crop producers and their advisers, but also by those who purchase the products of cropping systems and those who live in the environment impacted by those systems. There has been a big push for consumer sustainability initiatives like Field to Market…to track inputs.

Programs involving payments to farmers for ecological goods and services—for example, carbon offsets related to greenhouse gas mitigation, loading reductions for water quality credit. trading, etc.—depend on a clear public understanding of these linkages and a common language and vocabulary relating to fertilizer management.

This diagram represents sustainability from the perspective of the crop nutrition industry. It shows how we position our metrics industry wide. We classify these metrics into enablers, actions and outcomes. 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 nutrients are applied. 
The 4Rs of plant nutrition in general impact 9 outcome areas. 

It provides a framework to achieve cropping system goals, such as increased production, increased farmer profitability, enhanced environmental protection, and improved sustainability. 4R nutrient stewardship is the implementation of BMPs on a site-specific basis to optimize the efficiency of fertilizer use. Properly managed fertilizers can increase profitability and decrease nutrient losses that would potentially degrade natural resources. The 4R approach provides a science-based framework for plant nutrition and sustained crop production.




Enablers: Process Metrics
Extension & ag professionals
Infrastructure
Stakeholder engagement 
Research & innovation
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Presentation Notes
Stakeholders of cropping systems include the people who consume its products and the people living in the environment it impacts. The perspectives of all these stakeholders must be reflected in the economic, social and environmental goals that are set for the cropping system. Fertilizer management, to be considered “right,” must support those goals. All stakeholders have input to the goals. 

However, the farmer—the manager of the land—is the final decision-maker in selecting the practices suited to the local site-specific soil, weather, and crop production conditions that have the highest probability of meeting the goals. Because all these conditions can influence the decision on the practice selected, right up to and including the day of implementation, local decision-making performs better than a regulatory approach. 




Actions: Adoption Metrics

Cropland area under 4R
Requires regional definitions of 4R practices

Presenter
Presentation Notes
I think this is a good time to mention that although our focus is addressing the nutrient issue at the source, the 4R science is meant to be applied and these practices will change based on the “structural” BMPs applied in field or EOF. 



Farmland productivity
Soil health
Nutrient use efficiency
Water quality
Air quality
Greenhouse gases
Food & nutrition 
security
Biodiversity
Economic value

Outcomes: 
Impact Metrics
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To actually measure sustainable crop nutrition 

It provides a framework to achieve cropping system goals, such as increased production, increased farmer profitability, enhanced environmental protection, and improved sustainability. 4R nutrient stewardship is the implementation of BMPs on a site-specific basis to optimize the efficiency of fertilizer use. P

Properly managed fertilizers can increase profitability and decrease nutrient losses that would potentially degrade natural resources. 

These 9 output metrics are critical when it comes to sustainable intensification.






P is an Essential Fertilizer Ingredient
Involved in photosynthesis, energy transfer, cell 
division and enlargement
Important in root formation and growth
Improves the quality of fruit and vegetable crops
Is vital to seed formation
Improves water use 
Helps hasten maturity

P deficient cornDAP
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We use P for agricultural productivity because.

Phosphorus (P) is the “key to life” – it is a component of every living plant and animal cell, and a vital element for metabolic processes. In plants, P improves flower formation and seed production, increases stalk and stem strength, and stimulates root development.  In addition to aiding plant growth and development, P fertilization can increase flavonoids and other antioxidants in fruits and vegetables, such as apples and tomatoes, resulting in an increase in disease fighting health benefits for humans. 







P Fertilizer and the Soil

P taken up by crops primarily as orthophosphate             
(H2PO4

- and HPO4
2-)

Common commercial P fertilizers are highly 
(≥90%) water soluble 
Once dissolved in soils, orthophosphate is 
available for plant uptake
P chemistry in soils is complex  ̶ P may become 
sparingly available to plants in some soils due to 
formation of less soluble products

Presenter
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The major P fertilizers are highly soluble, mostly ≥90% water soluble.  Once dissolved, the P in orthophosphate fertilizers such as MAP and DAP is available for plant uptake, but the P in polyphosphate (ammonium polyphosphate) fertilizer must be converted (hydrolyzed) to orthophosphate before the crop can take it up.  The process of polyphosphate hydrolysis occurs readily and does not affect the value of these materials from the standpoint of plant nutrition.  Phosphorus is subject to reaction with calcium, iron, and aluminum in certain soils, and it may form sparingly soluble minerals, or reversion products, in highly alkaline and acid soils.  In these situations, P solubility and availability to plants may be compromised.  
Based on data from the International Fertilizer Association, the 2015 consumption of P in the US was 1.86 million metric tonnes and over 20 million for worldwide.




Why Focus on P?
Eutrophication  ̶ the natural 
aging of lakes or streams by 
nutrient enrichment
Nutrient additions can 
accelerate the process
P is often the limiting element
Dissolved oxygen is depleted 
by excessive plant growth
Best management practices 
(BMPs) can help minimize P 
runoff from fields

C+N Added

C+N+P Added
(blue-green algae)

University of Manitoba

Presenter
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Everything in moderation, right. Well the same is true for crop nutrients…. Too much of a good thing can be bad.

Eutrophication is the natural aging of lakes or streams by nutrient enrichment. Although it is “natural” increased additions of of nutrients can accelerate this process . In the same way that nitrogen and phosphorus fertilize crops, they also fertilize plants in the aquatic systems. IN the spring when there is an influx of nutrients this initiates biological processes that can lead to the depletion of oxygen. (Gulfhypoxia.net) 

Hypoxia is the term used to describe waters that have very low dissolved oxygen resultng in stressful habitats and living resources. Hypoxic waters have dissolved oxygen concentrations of less than 2-3 ppm. Hypoxia can be caused by a variety of factors, including excess nutrients, primarily nitrogen and phosphorus, and waterbody stratification due to saline or temperature gradients. 

Sources of phosphorus include agriculture, urban runoff, wastewater treatment plants, stream channel erosion, and natural soil deposits. 

Excess levels in soil, stratification
Deficient levels in soil, crop yield limitation




Do I have you 
convinced?



*MPCA, 2014. Minnesota Nutrient Reduction Strategy
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So whatever our current water issues are, becomes someone else’s future issue. 



Mississippi 
River Basin

Produces 
40% of the 
world’s corn! 

Gulf of Mexico Hypoxia
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Why do we hear so much discussion about the Mississippi River Basin?

To illustrate why we would want to focus on all 4 of those metrics let’s look at the Mississippi River Basin in the US. 

3 million KM2 land area

It receives 70% of P fertilizer....
40% of US recovered P manure…
60% of US harvested P…

Previously the largest Gulf of Mexico dead zone was measured in 2002, encompassing 8,497 square miles. The average size of the dead zone over the past five years has been about 5,806 square miles, three times larger than the Gulf Hypoxia Task Force target of 1,900 square miles.



Total P Load to Gulf of Mexico

Graph from the HTF 2017 Report to Congress 

2035
2025

13% above baseline

Annual Total P Flux
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The Mississippi River/Gulf of Mexico Watershed Nutrient Task Force was established in the fall of 1997 to understand the causes and effects of eutrophication in the Gulf of Mexico. The Original 2001 action plan discussed N reductions primarily because at that time, P was not considered a cause of hypoxia.

The graph on the screen depicts the annual total phosphorus loads in the Mississippi/Atchafalaya River basin transported to the Gulf of Mexico from 1980-2015 .

The 2007 Mississippi River Basin Science Advisory Board Panel recommended a dual nutrient reduction strategy targeting a 45 percent reduction in total nitrogen and total phosphorus loads flowing into the Gulf of Mexico to reduce the size of the hypoxic zone to a five year running average of 5,000 km2. The HTF agreed on an interim target of a 20 percent nutrient load reduction by the year 2025 as a milestone toward achieving the 45 percent goal in 2035 (Mississippi River/Gulf of Mexico Watershed Nutrient Task Force 2015). As you can see on the graph on the screen, The baseline period for the load comparison was 1980-1996. 

The total phosphorus five year running average for 2011-2015 was about 13 percent above the baseline period (Figure 4). 

Modeling competed for the Hypoxia task force indicated that Agricultural inputs (manure and fertilizers) were the largest total phosphorus source:accounting for 49 percent of the total, with 27 percent from chemical fertilizers and 22 percent from manure. 

Criteria for phosphorus:
The EPA water quality criteria state that phosphates should not exceed .05 mg/l if streams discharge into lakes or reservoirs, .025 mg/l within a lake or reservoir, and .1 mg/l in streams or flowing waters not discharging into lakes or reservoirs to control algal growth (USEPA, 1986). Surface waters that are maintained at .01 to .03 mg/l of total phosphorus tend to remain uncontaminated by algal blooms.
HTF estimates 27% TP transported from Mississippi River to Gulf from fertilizers/farm (22% from confined manure)



Ortho P Flux to Gulf of Mexico

Graph from the HTF 2017 Report to Congress 

May Orthophosphorus Flux

22% above baseline

2035

2025

Presenter
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One of the issues is the increase in ortho P. Orthophosphorus is the component readily available for use by plants and algae. 
This graphs plots the OP flux in May because May is used by NOAA supported researchers to estimate the size of the hypoxic zone. 

The 2012-2016 five-year average is about 22 percent above the baseline period for orthophosphorus (USGS 2014a). 

increases in DRP could be due to the reduced incorporation of phosphorus fertilizers (and more intense winter and spring storms) and increased tile drainage. 

https://toxics.usgs.gov/hypoxia/mississippi/flux_ests/delivery/graphics/index.html



US Fertilizer Use Efficiency in Corn 
Doubled between 1980 and 2014

Partial Factor Productivity for N + P2O5 + K2O
Bushels corn/ lb fertilizer nutrients

Presenter
Presentation Notes
Some assume must be from excess fertilizer use….

Agricultural productivity in the U.S. has doubled over the last 50 years through agricultural intensification and adoption of new innovative technologies. Although efficiency of our agricultural systems has improved, water quality remains a concern with minimal measured improvements observed nationwide. 
http://phosphorus.ipni.net/article/PPP-3125

Blue dots represent results where USDA-ERS estimated the application rates, and red dots assume linear interpolation between reported rates applied for 2010 and 2014. 

Partial Factor Productivity PFP = kg yield/kg nutrient applied 40-80 kg/kg: >60 in well managed = Y/F (kg/kg) systems, at low N use or at low 
soil N supply 


One of the most useful is "partial factor productivity" (PFP). The following four charts show trends for PFP for nitrogen (N), phosphorus (P), and potassium (K) fertilizers applied to the United States corn crop from 1964 through 2014. They are calculated from corn yield data (USDA-NASS) and from surveys of applied rates reported by USDA-ERS. The surveys of applied rates were not conducted in the years 2004, 2006-2009, and 2011-2013.

Trends are similar for all three nutrients, because the main driver is the increasing trend in yields over the past 50 years. Variations in weather, however, show dramatic effects on both yield and fertilizer use efficiency from one year to another. For example, drought in 2012 likely reduced PFP well below trendline, while high yields in 2004 and 2009 may have done the opposite. The actual values for each of these three years should be treated with caution since they are based on estimated, not surveyed, application rates. 



Critical value is the soil test level 
where recommended nutrient rates 
generally drop to zero in sufficiency 
approaches or to a crop removal level 
in build maintenance approaches.

Presenter
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In the US we base a lot of our recommendations and decisions on whether to apply P on a critical value….

The soil test data can be viewed in a tabular view or on distribution charts. 

These two maps focus on the critical Bray P Soil Test Levels on the left and the median soil test level on the right. 

For this summary the critical level is the soil test level, where recommended nutrient rates generally drop to 0 in sufficiency approaches or to a crop removal level in build maintenance approaches. 

So below this value a crop response to a nutrient application may be expected, and above it no crop response is expected. 
Soil P testing allows producers to maintain optimum STP concentrations while reducing their water quality impacts without jeopardizing crop yield. 

And as we see as I flip to this next map, the median soil test P levels in these areas have decreased since 2010.  The red values are negatives meaning reductions in median soil test P.

Only states with >2000 samples shown.
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Soil testing is critical to that first P metric : farmland productivity and as we saw on previous slide, links back to water quality

61 labs – 2015 data

Why do we care about STP?

Some important principles apply to the understanding of how dissolved phosphorus can be lost. First it is important to understand that fertilizer phosphorus is highly water soluble. So is a large part of the phosphorus in manure. In the past 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. 




http://soiltest.ipni.net/

Critical Bray P1 Equivalent Soil Test Level, 
ppm (2015)

Median Bray & Kurtz P1 Equivalent Soil Test Level, 
ppm (2015)
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Acid soils P Extraction with Dilute Acid Fluoride (Bray) 
Fluoride ion promotes P desorption by decreasing aluminum activity by forming aluminum - fluoride complexes 

Highly calcareous soils�Acid neutralized by calcium carbonate and CaF2 is formed�This is when Bray results in false low values 




http://soiltest.ipni.net/charts/distribution
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Bray and Kurtz P1 equivalent soil test level, ppm

~33% below 
Critical Level

14% 25% at 
Critical 
Level



Duncan et al., 2017; King et al., 2018

STP below recommended rates does not 
always equal no risk

TP Recommendation

DRP Recommendation

Presenter
Presentation Notes
) Often we compare STP as a measure of potential P loss to water quality. Annex 4 Great Lakes Water Quality agreement (tri-state fertilizer is Michigan, Indiana and Ohio.
Soil tests below the critical level should be considered as indicating a soil that is nutrient defi­ cient for crop growth. 

Ohio Case Study 4R Fund
Talk through the dashed lines first (define them) Annex 4 DRP and TP recs
Then the STP recs
Then how STP can pose environmental risk
But that STP can be above and below the thresholds and still pose environmental risk (or not)

Edge-of-Field Monitoring Network. As an extension of the USDA Conservation Effects Assessment Project (Richardson et al. 2008) and in collaboration with federal, state, and local agencies, university partners, and nongovernmental organizations, an EOF monitoring network was initiated in 2003 (Williams et al. 2016b). Over the past 13 years, the number and locations of monitored fields has changed and grown. Currently, 19 paired EOF sites (38 total fields) are instrumented to quantify the effect of agriculture practices on water quality and to identify both existing and novel crop production practices that result in minimal P loss (figure 1). The EOF sites are primarily located in the heavily subsurface tile-drained northwest quadrant of Ohio and lie in three high priority watersheds: WLEB, Grand Lake St. Mary, and Upper Scioto. 

Relationship between (a) Mehlich III soil test phosphorus (P), P2O5 application, and tri-state recommendation for a 15 t ha–1 corn yield or a wheat yield goal of 6.3 t ha–1 (Agricultural Nutrients and Water Quality Working Group 2012) and those site years (n = 57) when P was applied, and (b) Mehlich III soil test P and water year (WY) P load (kg ha–1) as they relate to the Annex 4 (2015) 40% reduction recommendation (2008 Maumee River load divided amongst all land area in the Western Lake Erie Basin) and tri-state Mehlich III critical (28 mg kg–1) and maintenance (46 mg kg–1) levels. Open symbols represent dissolved reactive P (DRP) load and closed symbols represent total P (TP) load. Annex 4 DRP recommendation when divided equally across the contributing area is 0.29 kg ha–1 for DRP and 1.24 kg ha–1 for TP. 

Soil test P concentration was also compared to EOF P load (figure 3b). DRP load tended to increase with increasing soil test P concentration, especially at soil test P concentrations greater than 75 mg kg–1. A similar increase in TP load was also noted with increasing soil test P concentration (figure 3b). This suggests applying fertilizer at rates greater than crop removal increases soil P stores and can ultimately result in increased P loads from subsurface tile-drained fields. When soil test P concentrations were less than or within the tri-state recommendations, DRP loads from EOF sites were similar to the P load reductions and recommendations (i.e., 40% reduction from the 2008 P load to Lake Erie) 

So this gets into the need for 4Rs…..





Phosphorus Use Efficiency 
Partial Nutrient Balance

Crop PUE =   crop P removal
fertilizer P + manure P applied

PUE > 1: Soil P decreases = Crop mining P from soil 

PUE < 1: Soil P increases = P Storage

Presenter
Presentation Notes
As we are looking at ways to meet water quality goals, it is important to start at managing the nutrient source rate. 

Current approaches tend to focus on trapping sediment, therefore storing particulate P on the land with the risk of redistribution at a later date. In fact some conservation practices have been found to reduce particulate Phosphorus losses but increase soluble P losses.

Phosphorus use efficiency, also referred to as the Partial Nutrient Balance, can be measured or estimated by crop producers at the farm scale as well as at the regional or national level. It is  a removal to use ratio…

It is often called the PNB because all nutrient inputs are rarely included in the balance calculations, thus the modier, partial, in the term. 
Partial because just the P harvested (not leached, runoff, etc.)

A PUE close to 1 suggests that as long as all other factors remain the same, soil fertility will be sustained at a steady state. However, since the balance calculation is a partial balance that means that nutrient removal by processes, such as erosion and leaching are usually not included,.  

Assuming that a PUE of 1 is an indicator of soil fertility sustainability can be misleading in some regions such as those with very low natural soil fertility and low inputs and yield, for example in sub-Saharan Africa. 

If PUE  is greater than 1, the soil P would decrease as the crop mines the P from the soil. This situation may be desired if available nutrient contents in the soil are known to be higher than recommended. However, in cases where soil nutrient concentration is at or below recommended levels, a PUE >1 would be considered as unsustainable and deplete the soil P reserves(Brentrup and Palliere, 2010). 

When PUE is less then 1, the soil P would increase. But that assumes the fertilizer or manure P has a chance to interact with the soil and is not lost from the surface. For example broadcasted without incorporation before a rainstorm.
 
Even with crop genetic changes, an appropriate PUE must be attained for system sustainability. 




IPNI’s NuGIS Database
http://nugis.ipni.net/map/

2014 Data

Presenter
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As you may recall from earlier in my presentation the third of our four key metrics for P sustainability 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 the Nutrient Use Geographic Information System (NuGIS) database.

NuGIS is publicly accessible on the web. It allows a user to look at P use efficiency at a from a variety of perspectives and different years. Here I have it depicted as a P use ratio at the watershed level. 

Removal to use so low value (green) indicates lower efficiency. Red indicates crop may be mining soil P. 

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. 





2014 Data



P Inputs > Crop Removal, 
Souris-Red-Rainy Basin, ND/MN

Fertilizer
Manure

Crop P 
Removed

PUE<1 PUE>1
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THIS IS THE HUC 2 level. ND/MN

Some assume that if OP is increasing then P must be applied greater than what is being removed by the harvested crop. By actually as you can see in this  graph that I plotted up of PUE using data from IPNIs NUGIS database, PUE has been increasing since the 1990s.



P Inputs > Crop Removal, 
Minnesota River Basin, MN Crop P 

Removed

PUE<1

PUE>1

Fertilizer

Manure



P Inputs < Crop Removal, 
Mississippi River Basin, US

Fertilizer

Manure

Crop P 
Removed

PUE<1
PUE>1
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This covers the full Mississippi River



Increased Ortho P Load Exceeds 
Natural Variability

Annual Ortho P Loads to the Gulf of Mexico

https://nrtwq.usgs.gov/mississippi_loads/#/GULF

Presenter
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The flow-normalized loads each year represent the amount of load that would have reached the Gulf of Mexico if streamflow in every year was fixed at the long-term average streamflow and never changed. In this way, the random natural variability in streamflow that happens each year – short-term variability that changes the load each year but doesn’t contribute to the long-term trend – is removed, allowing us to see the change over time in load that is due to other factors. These other factors include actions we are taking to reduce nutrient runoff in the Mississippi River watershed, as well as other factors that can affect nutrients in the watershed, such as land-use and population change.

DOES THIS MEAN EXCESSIVE N/P USE??? NO
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How many of you experience or saw neighbors with both of these situations this past year?

To reduce the yield impact much of the Midwest uses tille drainage. But w/ Tile drainage, there could be another loss pathway for P.
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When we think about climate change and how that affects the processes within the P cycle, it affects the 4Rs.

P supply in soil is governed by a combination of biological and chemical (adsorption/desorption and dissolution) processes. 

N and P cycling may thus respond differently to environmental factors such as temperature.

We will move quickly through some of these slides – I can’t cover everything in 15 minutes but it is a chance to bring up some potential issues for discussion.




(Figure source: Ray et al 2015)

Globally, 39% of Annual Corn Yield 
Variability Climate Related

Presenter
Presentation Notes
In the upper and eastern Midwest of the United States and Canada extreme temperature variability was more important, whereas in the central and western parts of Midwestern U.S. extreme precipitation variability explained maize yield variability in more counties (Fig. 3a); overall temperature variability was more important for explaining maize yields in the upper and eastern Midwest of the United States and precipitation variability was more important in the central and western Midwest (Supplementary Figs 2 and 3). 
Temperature variability influenced maize yield variability more in some colder countries such as in Canada, but also in some warmer countries such as Spain and Italy with within-country variations.


Total crop yield variability explained due to climate variability over the last three decades.A value of 1.0 implies that the entire variability in observed yields was explained by climate variability (coefficient of determination metric; sample size of ~13,500 political units × 30 years per crop). Similarly a value of 0.30–0.45 implies 30–45% of the variability in yields was explained by climate variability. We cutoff the range at 0.75 (or 75%) and above to a single categorical colour. No effect implies that at the P=0.10 level, there was no statistical difference between the best fit model and the null model in the political unit. White areas indicate where the crop is not harvested or analysed. (a) maize, (b) rice, (c) wheat, (d) soybean.
Averaged globally over areas with significant relationships, we find that 32–39% of the maize, rice, wheat and soybean year-to-year yield variability was explained by climate variability 

Prolonged wetness and flooding can decrease the mycorrhizal inoculum levels to the point that increased P fertilization
may be needed.




“Last year we did not 
get enough rain…”

What happens to all the 
unused plant available P?



(Figure source: Melillo et al., 2014, updated from Vose et al., 2012)

Global Temperatures are Increasing, 
Faster

Presenter
Presentation Notes
Surface temperature trends for the period 1901-2012 (top) and 1979-2012 (bottom) from the National Climatic Data Center’s (NCDC) surface temperature product. The relatively coarse resolution of these maps does not capture the finer details associated with mountains, coastlines, and other small-scale effects. (Figure source: updated from Vose et al. 201222).


Many more high temperature records are being broken as compared to low temperature records over the past three to four decades – another indicator of a warming climate.





P Response to Increasing 
Temperature….. 

No Easy Answer!

May increase SOM decomposition?
Increased mineralization or immobilization?
Accumulation of available P or increased 
fixation? 

Soil testing will be key!

(Conant et al., 2011;)



Long-term experiments 
are valuable for detecting 
slow changes!

Geissler and Scow. 2014. Soil Bio & Biochem

Presenter
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Geissler and Scow, Soil Biology & Biochemistry 2014 (75:54-63) 
Long-term effects of mineral fertilizers on soil microorganisms – a review

Most pronounced results in trials at least 20 years.
These results differ research that is done with “unmanaged ecosystems”. Then YES, the “unmanaged” ecosystems will have more microbial biomass; but in ag systems fertilizer increases crop productivity and soil microbial biomass.

More studies investigating the long-term effects of different fertilizers across different soil types and environmental conditions are needed to better understand these complex interactions.
When it comes to looking at changes in soil health keep in mind how slow the addition of OM could be. For example…next slide



(Figure source: Kunkel, 2016)

U.S.EPA Data

Growing Seasons are Getting Longer

Presenter
Presentation Notes
“But doing that is going to require more water, more nitrogen, perhaps more insecticide, pesticide, herbicide and fungicide — all these inputs that go into growing crops. More analyses are needed to determine the viability and economics of growing longer-season crops in different regions.”

In Norway – it may increase 2 months
https://www.epa.gov/climate-indicators/climate-change-indicators-length-growing-season

While current and historic anthropogenic activities have substantially altered nutrient transport processes in agricultural fields and watersheds, climatic variables play an equal, if not greater, role in determining nutrient transport. Precipitation amount, duration, intensity, and timing not only influence the potential for nutrient transport within an event and the partitioning of water in surface and subsurface flow pathways, but also influence antecedent soil moisture, which can determine the potential for nutrient loss in subsequent events. Increasing climate variability and frequency of extreme events are predicted over the next century (IPCC 2014), which is likely to influence both the quantity and quality of water transported from agricultural landscapes. Changes in the magnitude and variability of precipitation are expected to result in shifts in the seasonal timing and magnitude of flows (Stone et al. 2003; Bosch et al. 2014). For example, climate scenarios modeled by Masaki et al. (2014) found that more water, and therefore more nutrients, in large rivers was likely to be transported during a smaller fraction of the year across most of the U.S. Phosphorus losses are expected to increase due to more intense precipitation (Ockenden et al, 2017), and the variability between dry and wet years will increase N losses and levels of concern in rivers (Loecke et al., 2017). Forecasted changes in air temperature and length of growing season may also influence the hydrologic cycle and potentially nutrient transport via changes in evapotranspiration (Marshall and Randhir 2008). As farmers adapt to changes in climatic variables, further alteration of the hydrologic processes controlling nutrient transport (e.g., increased subsurface drainage intensity, increased irrigation) may occur. 



Response to Longer Growing 
Seasons…..

Cropping systems in areas receiving adequate 
rainfall may produce greater yields and longer-
maturing crops.

Increased adoption of double cropping.

More inputs to respond to greater output?

(Mueller et al., 2015)

Presenter
Presentation Notes
In high latitudes, warmer temperatures lead to longer growing seasons and an in-
crease in potential agricultural land (Gornall et al., 2010).
“If you have a longer growing season, you can cultivate longer-maturing crops that yield more than shorter-season crops,”

Those frosts traditionally mark the beginning and end of a growing season, meaning that U.S. farmers have an average of 12 more days to plant, cultivate and harvest crops.

4Rs will become more important than ever…..



Wet Areas are Wetter; Dry Areas Drier

(Figure source: NOAA NCDC/CICS-NC

Presenter
Presentation Notes
Global precipitation trends for the period 1901-2012 (top) and 1979-2012 (bottom). (Figure source: NOAA NCDC / CICS-NC).

Climate change affects more than just temperature. The location, timing, and amounts of precipitation will also change as temperatures rise. Maps show projected percent change in precipitation in each season for 2071-2099 (compared to the period 1970-1999) under an emissions scenario that assumes continued increases in emissions (A2). Teal indicates precipitation increases, and brown, decreases. Hatched areas indicate that the projected changes are significant and consistent among models. White areas indicate that the changes are not projected to be larger than could be expected from natural variability. In general, the northern part of the U.S. is projected to see more winter and spring precipitation, while the southwestern U.S. is projected to experience less precipitation in the spring. Wet regions are generally projected to become wetter while dry regions become drier. Summer drying is projected for parts of the U.S., including the Northwest and southern Great Plains. (Figure source: NOAA NCDC / CICS-NC).






Increase in Extreme Precipitation Events

(Figure source: Melillo et al., 2014, updated from Kunkel et al., 2013)

Presenter
Presentation Notes
So if we are seeing losses with maintaining STP, High PUE, we need to think about how we are applying our P fertilizer. 

And in the Midwest, the area of the world providing 40% of the corn, this is important because we are beginning to see more extreme precipitation events, where more P losses may be a result.
Background on tile drainage – Mississippi River basin annual precip gradiant w/ highest in gulf around 60 inches to 15 inches. 152 cm – 40 cm.


Figure 33.32: Heavy downpours are increasing nationally, with especially large increases in the Midwest and Northeast.123 Despite considerable decadal-scale natural variability, indices such as this one based on 2-day precipitation totals exceeding a threshold for a 1-in-5-year occurrence exhibit a greater than normal occurrence of extreme events since 1991 in all U.S. regions except Alaska and Hawai‘i. 
Each bar represents that decade’s average, while the far right bar in each graph represents the average for the 12-year period of 2001-2012. Analysis is based on 726 long-term, quality-controlled station records. This figure is a regional expansion of the national index in Figure 2.16 of Chapter 2. (Figure source: updated from Kunkel et al. 2013123).

More uncertainty regarding timing of applications – it is hard to do the “right” thing.
More erosion

Increased precipitation could result in acidification of soil increased P fixation.

Melillo, Jerry M., Terese (T.C.) Richmond, and Gary W. Yohe, Eds., 2014: Climate Change Impacts in the United States: The Third National Climate Assessment. U.S. Global Change Research Program, 841 pp. doi:10.7930/J0Z31WJ2. 


In contrast, precipitation was positively correlated with subsurface tile drainage concentrations, suggesting that larger precipitation events would lead to greater subsurface tile drainage concentrations. Conversely, time since application was negatively correlated with both surface and subsurface tile concentrations. As time since application increased, concentration decreased. These results indicate that P application planned in accordance with expected precipitation will lead to a reduction in event mean P concentration in surface runoff and subsurface discharge. 




Precipitation falling during the top 1% of 
severe storms has increased 37% in the 
Midwest from 1958 to 2012.

GLISA, University of Michigan’s Climate Center

Presenter
Presentation Notes
While the frequency of severe storms such as thunderstorms, heavy rains, and snow may increase, the occurrence of other severe weather events such as hailstorms, tornadoes, and ice storms could decrease or remain unchanged.23 24

Snow cover and snow depth in the Great Lakes region are expected to continue to decrease, having already experienced some of the greatest declines in North America.15 Between 1975 and 2004, the number of days that had snow on the ground decreased five days per decade. The average snow depth across the region also decreased by 3 inches (5.1 cm) during this time period.16
�http://glisa.umich.edu/climate/precipitation



Maximum Number of Dry Days Increasing

(Figure source: NOAA NCDC/CICS-NC)

Change (%) 1971-2000 to 2070-2099

Presenter
Presentation Notes
: Change in the number of consecutive dry days (days receiving less than 0.04 inches (1 mm) of precipitation) at the end of this century (2070-2099) relative to the end of last century (1971-2000) under the higher scenario, RCP 8.5. Stippling indicates areas where changes are consistent among at least 80% of the 25 models used in this analysis. (Supplemental Message 5 and Ch. 2: Our Changing Climate, Key Message 3). (Figure source: NOAA NCDC / CICS-NC).

Long periods of consecutive days with little or no precipitation also can lead to drought. 

In semiarid and Mediterranean-type ecosystems, a rainfall reduction often leads to nutrient accumulation in the soil during the dry period, because of a stronger reduction in plant uptake compared with mineralization rates in the soil (Koz- lowski & Pallardy, 2002; Mat ıas et al., 2011). In a humid tropi- cal forest, Wood & Silver (2012) indicated that drought was likely to improve the soil redox potential so that more iron oxide and hydroxide minerals would bind with P, thereby removing P from the soil exchange complex, which leads to P limitation in the soil–plant system. 

Nitrogen may accumu- late more than P because of the potential increase in P fixation with drier soil conditions (Wood & Silver, 2012). Despite the increase in soil N and P that is potentially available to plants, plants are not able to take up these nutrients because of limited water availability. 

econdly, drought conditions may decrease mass flow or diffusivity of nutrients, thereby restricting nutrient transport between roots and shoots, and thus N and P uptake. 




soil moisture, 
mineralization,
P fixation, 
plant uptake.

(He and Dkjkstra, 2014) 

Drought stress 
could result in less 
plant available P.



P Placement can affect Root Growth 
During Droughts

(Figure source: Hansel et al., 2017)

STRIP TILL – DEEP BAND NO-TILL BROADCAST

Rio Grande do Sul, S. Brazil

Strip-till + deep 
band P enhance 
deeper soybean 
root growth.

Soybean root 
growth at deeper 
soil layers improve 
resilience to 
induced drought. 

Presenter
Presentation Notes
Deep 20 cm

Deep-band- (5 to 6 inches deep, fall or spring placed) or deep-band plus in-furrow-applied 10-34-0 had similar yield as the planting-time band-applied fertilizer. https://www.ag.ndsu.edu/publications/crops/corn-response-to-phosphorus-starter-fertilizer-in-north-Dakota

When P is banded 8 to 10 inches deep, where soil water is more abun- dant, WUE is increased. Optimiz- ing positional availability of P is important in maximizing WUE, especially during dry periods. 




Anthropogenic Landscape Change

Source: Jaynes and James 2007

Presenter
Presentation Notes
Jaynes, Dan B. and James, David E. The Extent of Farm Drainage in the United States. p.50. In Final Program and Abstracts, Soil and Water Conserv. Soc. 2007 Internat. Conf., 21-25 Jul. 2007, Tampa, FL.  available at: http://www.ars.usda.gov/SP2UserFiles/Place/36251500/TheExtentofFarmDrainageintheUnitedStates.pdf

Wetlands and soils with poor drainage throughout the Midwest have largely been drained over the past 150 years to facilitate crop production. For example, Bishop et al. (1998) estimated that between 95 and 99% of wetlands in Iowa have been lost due to artificial drainage. Efficient drainage systems provide numerous agronomic benefits, but they also greatly modify the magnitude, timing, and flow pathways of nutrient transport (King et al. 2015b). 

Surface ditches and subsurface tile drains increase the hydrologic connectivity of agricultural landscapes. 

Irrigation is important for reliable food production in many areas of the U.S., with approximately 56 million acres of irrigated cropland in 2013 (USDA NASS 2014). Excess irrigation water can become “irrigation return flow” and be transported to water bodies as both surface runoff and subsurface drainage water (Bjorneberg et al. 2002). 



Can nutrient 
placement reduce 
dissolved losses?

Trade-offs:

Surface application:

runoff or leaching losses

soil disturbance

Presenter
Presentation Notes
If the residue on the surface is slowing the transformation of soluble P derived from P fertilizer to less labile forms and increasing the potential for surface and leachate losses – what if we inject the P into the soil to increase soil contact.



4R Research Fund



TD2

TD1

0 50 100
meters

Drainage area
Tile outlet
Rain gauge

Ohio, USA

UBW

Right Place: Tile Drains & Fertilizer 
Placement
Soil type: Silt loam
Tile depth: 3 ft
Soil test P: 30 ppm Mehlich-3P

2014 management
May 6th – Applied MAP @ 40 lb P/acre
May 8th – Tilled field TD1 (disc), 

TD2 no-till

Compared tile drain P transport:
Broadcast P incorporated 
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. 

Upper Big Walnut Creek (UBWC) watershed, located 40 km north of Columbus, Ohio (USA)
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P incorporated P not incorporated

After P application 
& tillage 

(May 12th)

Incorporating P significantly 
reduced tile DRP concentration

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. 

Following fertilizerapplication, median DP concentration was significantly greater in the no-tilled field (1.19 mg L21) compared
to the tilled field (0.66 mg L21), with concentrations remaining significantly greater in the no-till field
for the remainder of the monitored storms.

While the effect
of tillage on the delivery of event water via macropore flow paths and tile drain discharge was temporary
(< 3 weeks), P transport is often greatest during the storms immediately following fertilizer application.
Thus, the effect of tillage on decreasing P loads during these critical events following application has the
potential to substantially decrease annual P loads from tile-drained fields and highlights the need to consider
trade-offs (e.g., increased infiltration, increased soil organic matter, and reduced soil erosion versus
increased P delivery vis subsurface flow pathways) when recommending no-till as a best management practice
for protecting water quality.




Tillage, Tile and 
Fertilizer Placement

Incorporation 
(“right place”) of 
broadcast fertilizer 
reduced P loss in 
tile drains by 45%.

http://research.ipni.net/project/IPNI-2014-USA-4RN09

Photo Credit: Russell Derickson

Presenter
Presentation Notes
Point out that similar results were obtained for pennsyolvania and injecting manure.


Nevertheless, the spring season is the period of the year when most water and P losses from tile drains occur in the Midwest
[King et al., 2015a,b].


Findings to date include:
Strong efficacy of right place practices. Too much fertilizer is broadcast without incorporation. If more can be place in the soil, loading of dissolved P should be reduced. But we need more research to know by how much.
Evidence of soil P stratification. Higher soil P near the soil surface may be an unintended consequence of conservation tillage.
One-third of the increase has nothing to do with nutrient application; it results largely from changing weather patterns. 

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. 

Differences in nutrient concentrations and loadings between crop type and between growing (GS) and nongrowing seasons (NGS) were assessed. From 2005 through 2012, discharge and water quality were monitored at three end-of-tile locations that had estimated contributing areas ranging from 7.7 to 14.9 ha (19.0 to 36.8 ac) in a headwater watershed in central Ohio, United States. Nitrate-N (NO3-N) and dissolved reactive P (DRP) were the primary (>75%) forms of N and P in drainage water. DRP concentration and loading was not significantly different between crop types, but differed significantly by season. Mean weekly DRP concentration (0.22 mg L–1 [0.22 ppm]) was greater during the GS, while mean weekly DRP load (0.010 kg ha–1 [0.009 lb ac–1]) was greater in the NGS. In comparison, NO3-N concentration and load was dependent on the interaction between crop type and season, with the greatest NO3-N concentration (17.1 mg L–1) observed during the GS under corn production. 

Differences in N and P loss to tile drains were attributed to the timing of nutrient application and differences in seasonal discharge. Practices such as cover crops and drainage water management that target nutrient transport in the NGS should be explored as a means to decrease annual N and P loads. Adherence to recommended 4R nutrient stewardship (right fertilizer source, right rate, right time, and right placement) practices should also help minimize nutrient leaching to tile drains under a corn–soybean rotation.

Greater loads in the NGS were attributed to differences in discharge between seasons. Thus, practices that target the NGS should have a positive impact on reducing nutrient delivery.
Despite TP concentrations in the NGS that were approximately half of the TP concentrations measured in the GS, TP loading in the current study was significantly greater in the NGS. This approximate 1.5 times increase in TP load during the NGS compared to the GS can be attributed to differences in seasonal tile discharge. The magnitude of tile drainage discharge measured at this site during the NGS was approximately 3 times greater than the GS. 




Examine the 
effect of 
fertilizer 
placement 
and tillage on 
P leachate.

Presenter
Presentation Notes

They investigated preferential ﬂow and P concentrations in leachate from three treatments representing a range of soil disturbance (no-tilled vs. tilled) and soil-fertilizer mixing (broadcasted vs. injected vs. tilled).

We hypothesized that tillage following fertilizer application
would result in less dissolved P leaching compared to either no-tillage
with surface broadcast fertilizer application or fertilizer injection into



Rooting zone P dynamics change 
with no-till.

Messiga et al., 2012. Field Crops Research
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Presenter
Presentation Notes
This is important to point out because as we hear more emphasis on soil health – it is often related to no-till or cover crops. So it will be key to incorporate nutrient management into these soil health discussions as well. 

1kilogram/hectare(kg/ha)=.8922(.9) pounds/acre



Site Description:
Maumee River Watershed
Flat, Poorly Drained 
SL/SiCL Soils

Rotations:
Corn/Soybean/Wheat

STP: 21-32 PPM Mehlich-3

Tile Description:
2.5 - 3.0 ft depth 
35 - 45 ft spacing

Presenter
Presentation Notes
Four sites representative of soils/ag practices in Western Lake Erie Basin (Maumee River).
Tile Description:
2.5-3 ft depth 
35-45 ft spacing





Fertilizer Placement

Monoammonium Phosphate (MAP; 11-52-0) @ 67 lb P/acre
Applied after harvest in October 2016

Placement:
Broadcasted (no-tillage)
Incorporation via Tillage (3-4 in)
Incorporation via Injection (4 in)

Presenter
Presentation Notes
Use 24 pan lysimeters (60 cm x 35 cm wide x 8 cm tall) installed to keep soil above lysimeter undisturbed. 
Used rainfall simulators.
All fields had been planted in either corn or soybean and had been harvested prior to the rainfall simulations.
Rainfall simulations occurred in two 45 min blocks separated by 15 min, with a total of 3.8 cm of deionized water applied to each plot area. Laboratory testing of the rainfall simulator revealed a rainfall uniformity coefficient of 0.87. All rainfall simulations occurred immediately following fertilizer application. Three fertilizer placement
treatments were tested at each field: 1) surface broadcast (no-tillage); 2) incorporation via tillage; and 3) incorporation via injection. Pan lysimeters installed in the same trench received the same treatment for a total of 8 replications per treatment (2 pan lysimetersÅ~4 fields). For the tillage treatment, fertilizer was spread on the soil surface and immediately incorporated into the soil (8–10 cm-deep) with a rototiller. Fertilizer injection was simulated by creating 10 cm-deep slits in the soil that were spaced 76 cm apart across the plot area, placing fertilizer in the slits, and then closing the slits. Slits were made parallel to the length of the pan lysimeter, with one slit directly above the lysimeters. Simulated fertilizer injection likely caused less soil disturbance than commercially available injection equipment. All treatments were applied over a 3mÅ~3m area directly above the pan lysimeters and metal
plot borders were installed to prevent surface runoff from leaving the plots during the rainfall simulation (Fig. 1). Water was pumped from the pan lysimeters prior to the rainfall simulation and samples were collected every 5 min during the rainfall simulation



Mean Dissolved Reactive P 
(DRP) leachate concentration 
was significantly greater for 
broadcast treatment.

Mean Particulate P (PP) 
leachate concentration was 
significantly greater for 
broadcast treatment.

66%     75%

Leachate P Loss Greatest 
with Broadcasting

Presenter
Presentation Notes
While the relative timing of P delivery was similar among treatments, the magnitude of P concentration was significantly different among treatments (Fig. 3). Repeated measures ANOVA showed that mean DRP concentration in leachate was significantly greater for the broadcast treatment compared to both the inject and till treatments (Fig. 3). Variability in DRP concentration measured from individual pan

Dissolved reactive P, on average, comprised 66, 57, and 54% of total P for the broadcast, inject, and till treatments, respectively. Mean PP concentration in leachate was also significantly greater for the broadcast treatment compared to the inject treatment and the till treatment (Fig. 3). Similar to DRP concentration, considerable variation in PP concentration was observed among pan lysimeters within treatments (Table 2).

The experiment was designed to replicate a worst-case scenario; that is, high fertilizer application rate immediately followed by a large rainfall.

The inject and till treatments decreased DRP concentration by 66 and 75%, respectively, compared to surface broadcast fertilizer application treatment (Fig. 3).




More Soil-Fertilizer-Water Contact       P Leaching

Tillage did not significantly influence event water 
transport.

Disruption of macropore network not likely 
primary mechanism responsible for decreased 
leachate P concentrations.

Differences in soil-fertilizer-water contact, soil P 
sorption capacity, and proximal P availability were 
the primary factors resulting in P leaching 
reductions in injected and tilled soils. 

Subsurface injection of fertilizer in fine-textured  
soils may limit dissolved P leaching and 
minimize surface disturbance. 

Presenter
Presentation Notes

Tillage practices are often presumed to disrupt the continuity of the macropore network and result in decreased P leaching to tile drains.
Findings from the current study, however, indicate that tillage did not significantly influence event water transport during the rainfall simulation and, as a result, disruption of the macropore network was not likely the primary mechanism responsible for decreased P concentration in leachate. Injecting fertilizer into the subsurface or incorporating fertilizer into the soil with tillage not only increased soil-fertilizer contact, but also decreased the contact between the highly soluble
fertilizer and ponded water, which has been shown to be an important
source of preferential flow (Ford et al., 2016). 
Additional assessments of fertilizer placement and tillage practices on P leaching are needed at the field-scale, as study results highlight the importance of both vertical and lateral flow paths on tile drainage P concentrations.





How do soil health 
practices influence soil P?



Freeze-thaw cycles in no-till increase available P.
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Can cover crops increase available P?

Longer-term research is still needed. 

HOWEVER,
Ryegrass cover crop effect on total P 
leaching varied between an increase of 86% 
and decrease of 43%. 

Climate conditions involving freezing-thawing 
during winter increased the risk of losses of 
dissolved P from cover crop biomass.

Aronsson et al., 2016. JSWC.

Presenter
Presentation Notes
-



Cover Crops and Nutrient Use

SARE Cover Crop Survey 2017

Presenter
Presentation Notes
Notice that over half have not investigated fertility benefits of CCs on their farm. As we adopt new practices for SOIL HEALTH we need to have ongoing soil fertility discussions to prevent unintended consequences.

But when we look at survey data – we can see that there are still a lot of questions regarding nutrient management and cover crops.

The comment that the user had never investigated the fertility benefits of cover crops—the average rating was 3.1 out of 5. This is a discussion that needs to take place, soil & tissue sampling is really necessary to makes sure that producers see positive benefits.

For instance, initiatives such as the nutrient reduction strategy by the 12 states along the Mississippi River have recommended winter cover crops (WCC) among other practices to reduce surface water contamination from nonpoint sources (INRS 2016). However, as WCCs are grown between cash (or summer) crops, there is a growing interest in understanding the agronomic repercussions of WCCs on crop production. Farmers recognize the value of WCCs in protecting the soil and the environment, but research has shown that persisting knowledge gaps about costs and management and concerns about subsequent yields limit more extensive farmer adoption (Singer et al. 2007). Yield uncertainty is further complicated because WCCs respond differently across regions, soils, climates, and management practices; hence, cash crop response to WCCs can vary significantly. 




4R Research Fund
Minimizing P Loss with 4R 
Stewardship and Cover Crops

Dr. Nathan Nelson
Kansas State University

Presenter
Presentation Notes
One practice that has been gaining more attention especially in the Mississippi River Basin for reducing nutrient losses is cover crops. 

A project that has been funded through the 4R Research Fund that IPNI manages is looking at minimizing P loss w/ 4R stewardship and cover crops.

This project was Initiated in 2014 and funded to Nathan Nelson at KSU. 
------------------

The overall objective of this research is to determine how interactions between cover crops and P fertilizer management impact P loss, P use efficiency, crop yield, and net return. The addition of a cover crop and changes in P fertilizer management can also influence N uptake, cycling, and loss. Therefore, the secondary objective of this research is to determine how interactions of cover crop use and P fertilizer management impact N loss and N use efficiency. This research will improve our understanding of how cover crop use impacts the 4R stewardship recommendations for P fertilizer. 
Cover crops are cited for providing many benefits to soils: soil health, nutrient scavenging, N fixation, reduced erosion, improved water quality, etc.  Some of these have been studied intensively, while others have not.  Soil erosion and P loss impacts have been primarily studied in conventional till systems, very little or no data in no-till systems.

Prior to 2014 the site was in a conventional till wheat-soybean rotation used solely for crop production (production of wheat for seed sales).  There were not any cover crops used.  The 2014 crop was soybean, which transitioned nicely into our 2015 corn (for the corn soybean rotation).��Soil test P was about 17 mg/kg Mehlich 3 P in the 0-15 cm depth fall of 2014.  I've attached two figures to show the STP trends over time (at 0-5 and 5-15 cm depths) and the current near-surface STP concentrations (0-2.5, 2.5-5, and 5-15 cm depths).  �



Cover crops can have varying 
effect on reducing total P

Total P
~30% 

X

Presenter
Presentation Notes
No cc impact on TP loss in 16 and 17, cc increased TP loss by 37% in 2018 (180 g/ha)

SI reduced P loss by 30% the first two years, but no effect the third.

You’ll notice that the P loss from fall broadcast and spring injected were the same last year, this may be due to the fact that we did not have any runoff between October 2017 and August 2018.  It was a very dry year and we were over 11 inches (40%) below normal precip on August 1. 

2016 Soybean, 2017 Corn, 2018 Soybean

Approx 1000 g/ha = 1 lb/acre 



Cover crops increased dissolved P 
runoff losses by 60%

Dissolved P
40-50% 

X

Presenter
Presentation Notes
CC increase DRP loss by 60% on average

SI decreased DRP loss by 40 to 50% the in 2016 and 2017, but no impact in 2018

You’ll notice that the P loss from fall broadcast and spring injected were the same last year, this may be due to the fact that we did not have any runoff between October 2017 and August 2018.  It was a very dry year and we were over 11 inches (40%) below normal precip on August 1. 



Cover crops doubled dissolved P 
runoff concentrations

Presenter
Presentation Notes
On average, cover crops doubled dissolved P concentrations in runoff (106% increase)
Increased DRP in 16 of 24 events



4R P Management

2011 National Land Cover Database - http://www.mrlc.gov
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1.Western Corn and Soybean Region 

Presenter
Presentation Notes
Doom and Gloom? No….
A total of 19 scientists participated. Most were from the heartland of US agriculture. 
Antonio Mallarino, Iowa State University, Ames, IA 
David Mulla, University of Minnesota, St. Paul, MN 


Three came from Canada, one from west of the Rockies, and one from Florida. To address this need, the International Plant Nutrition Institute and The Fertilizer Institute sponsored a science workshop, in collaboration with the Field to Market Alliance for Sustainable Agriculture. The workshop process was modeled after a similar effort conducted a year earlier toward developing descriptions of 4R nitrogen practices (Snyder, 2016). Scientists with recognized expertise in research on P losses from agriculture were invited to a two-day workshop held in Washington, DC in June 2016. The goal of the workshop was to describe 4R practices specifc to each of the major commodity cropping systems of North America. 

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. 


http://www.mrlc.gov/


4R Phosphorus Practices for 
Western Crops (Includes MN & IA)
Basic

Source: known or guaranteed analysis
Rate: recommended soil sampling and soil 
test interpretation
Time: avoid frozen and snow-covered soils, 
forecast rainfall
Placement: subsurface band encouraged; on 
surface only for no-till when risk index is low



Intermediate
Source: manure nutrient analysis 
Rate: as in basic, plus: P index used 
Time: as in basic, & use P Index and avoid 
seasonal rainfall intensity
Placement: as in basic, plus avoid furrows of 
furrow-irrigated crops



Advanced
Source: as in intermediate
Rate: as in intermediate, plus: zone-specific 
based on soil sampling every 2 years, and crop 
yield maps
Time: as in intermediate
Placement: as in intermediate, plus: terrain 
analysis to manage P loss

ADAPTIVE MANAGEMENT
Decisions are site-specific and adaptive to 
changing conditions. 



Our cropping systems are 
dynamic.

an adaptive P management approach, 
focusing on the 4Rs to optimize 
recovery, and minimize losses.

Overcoming P challenges requires….

Presenter
Presentation Notes
In summary…..

Need to continuously monitor the soils. Our systems are not stationary.

Requires a holistic approach to synergize site-specific 4R P practices with soil health practices to control dissolved and particulate losses.




Heidi Peterson, Ph.D.
hpeterson@ipni.net
www.ipni.net

Thank you!

Photo Credit: Guentzel

Presenter
Presentation Notes
Visit the website for project updates, webinar schedules, get on mailing list, articles, etc.
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