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Global population >9 billion by 2050

Data Source: UN, 2017

Growth of 2 billion! 



4R Nutrient Stewardship:

Right Source of fertilizer

Right Rate for crop needs

Right Time to match crop uptake

Right Place so crops can utilize



Enablers

(process 

metrics)

Actions

(adoption metrics)

Outcomes

(impact metrics)

Nutrient Stewardship Metrics for 

Sustainable Crop Nutrition



Enablers: Process Metrics

Extension & ag professionals

Infrastructure

Stakeholder engagement 

Research & innovation



Actions: Adoption Metrics

Cropland area under 4R

Requires regional definitions of 4R practices



Farmland productivity

Soil health

Nutrient use efficiency

Water quality

Air quality

Greenhouse gases

Food & nutrition 

security

Biodiversity

Economic value

Outcomes: 

Impact Metrics



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 corn
DAP



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



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



P in the Red River Basin



Mississippi 

River Basin

Produces 

40% of the 

world’s corn! 

Gulf of Mexico Hypoxia



Total P Load to Gulf of Mexico

Graph from the HTF 2017 Report to Congress 

2035

2025

13% above baseline

Annual Total P Flux



Ortho P Flux to Gulf of Mexico

Graph from the HTF 2017 Report to Congress 

May Orthophosphorus Flux

22% above baseline

2035

2025



US Fertilizer Use Efficiency in Corn 

Doubled between 1980 and 2014

Partial Factor Productivity for N + P2O5 + K2O

Bushels corn/ lb fertilizer nutrients



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.





http://soiltest.ipni.net/

Critical Bray P1 Equivalent Soil Test Level, 

ppm (2015)

Median Bray & Kurtz P1 Equivalent Soil Test Level, 

ppm (2015)



http://soiltest.ipni.net/charts/distribution
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STP Distribution in North Dakota

~70% below 

Critical       

Level

20% at 

Critical 

Level



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

STP above recommended rates poses 

environmental risk …..BUT

STP does not equal

environmental risk

TP Recommendation

DRP Recommendation



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



IPNI’s NuGIS Database

http://nugis.ipni.net/map/

2014 Data



.

2014 Data



P Inputs > Crop Removal, 
Souris-Red-Rainy Basin

Fertilizer

Manure

Crop P 

Removed

PUE<1
PUE>1



P Inputs < Crop Removal, 
Mississippi River Basin

Fertilizer

Manure

Crop P 

Removed

PUE<1
PUE>1



Increased Ortho P Load Exceeds 

Natural Variability

Annual Ortho P Loads to the Gulf of Mexico

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







(Figure source: Ray et al 2015)

Globally, 39% of Annual Corn Yield 

Variability Climate Related



“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



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



(Figure source: Kunkel, 2016)

U.S.EPA Data

Growing Seasons are Getting Longer



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)



Wet Areas are Wetter; Dry Areas Drier

(Figure source: NOAA NCDC/CICS-NC



Increase in Extreme Precipitation Events

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



Precipitation falling during the top 1% of 

severe storms has increased 37% in the 

Midwest from 1958 to 2012.

University of Michigan’s Climate Center



Maximum Number of Dry Days Increasing

(Figure source: NOAA NCDC/CICS-NC)

Change (%) 1971-2000 to 2070-2099



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. 



Anthropogenic Landscape Change

Source: Jaynes and James 2007



Can nutrient 

placement reduce 

dissolved losses?

Trade-offs:

Surface application:

runoff or leaching losses

soil disturbance



4R Research Fund



TD2

TD1

0 50 100

meters

Drainage area

Tile outlet

Rain gauge

Ohio, USA

UBWC

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
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P incorporated P not incorporated

After P application 

& tillage 

(May 12th)

Incorporating P significantly 

reduced tile DRP concentration



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



Examine the 

effect of 

fertilizer 

placement 

and tillage on 

P leachate.



Rooting zone P dynamics change 

with no-till.

Messiga et al., 2012. Field Crops Research

P Mehlich-3 (mg/kg) P Mehlich-3 (mg/kg)
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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



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)



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



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. 



Avoid P Application Immediately Prior to Precipitation

Sub—Surface Losses Surface Losses

(Figure source: King et al., 2018)



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.



Cover Crops and Nutrient Use

SARE Cover Crop Survey 2017



4R Research Fund

Minimizing P Loss with 4R 

Stewardship and Cover Crops

Dr. Nathan Nelson

Kansas State University



Cover Crops Reduce Particulate P, 

Increase Dissolved P

Particulate P

~40%

Slide modified from Nathan Nelson, KSU.

Dissolved P

~65%

Project is ongoing.



Injecting P Reduces Total and 

Dissolved P

Project is ongoing.
Slide modified from Nathan Nelson, KSU.

Total P

~30% 

Dissolved P 

~45% 



Our cropping systems are 

dynamic.

an adaptive P management approach, 

focusing on the 4Rs to optimize 

recovery, and minimize losses.

Overcoming P challenges requires….



Heidi Peterson, Ph.D.

hpeterson@ipni.net

www.ipni.net

Thank you!

Photo Credit: Guentzel


