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Tributaries, Fox River, Bay suffer from 
Eutrophication, Hypoxia, Habitat Degradation

- Phosphorus (P) key driver 

August 29, 2013

Impaired Waters
TMDL



Similar Issues throughout the Great Lakes

Satellite image 
from September 3, 
2011, Map by 
Michigan Sea 
Grant.

Photo of sediment plume at 
mouth of Fox River in April 
2011. 

Saginaw Bay Photo Credit: NASA EO

http://www.ns.umich.edu/Releases/2013/Mar13/Lake-Erie-Algal-Bloom.jpg
http://www.ns.umich.edu/Releases/2013/Mar13/Lake-Erie-Algal-Bloom.jpg


(Data Sources:  Fox R. Loads: D. Robertson, USGS; WWTP Discharge data: WDNR; graph by 
UWGB; draft, updated 7/2017)

TMDL
Target

Point Source Discharges U. Fox/Wolf & L. Fox

TMDL
base

Annual Fox River Total P Export to Green Bay 
>50% from Lake Winnebago (Upper Fox-Wolf Rivers) 

R
un

of
f



Global P availability does not 
reflect natural abundance

6Jaramillo-Velastagui (2011)
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Agriculture has changed since Grant Wood painted 
the Midwest - specialization

Nafziger 2014



Agricultural Specialization



Changes in Crop Yields, Brown Co, WI



Anthropogenic P-inputs: Inorganic Fertilizers
 Increase correlates with green revolution (just like N) 

(Smil 2000): plants 0.2% P vs. 1.5% N

Mined from sedimentary 
rocks (Florida and N. 
Carolina, Morocco, and
W. Sahara, & China)

 Finite amount, thus may 
soon limit global food 
production (Cordell et al. 2009)

• Globally, 50-100 years left (Cordell et al. 2009)? 

Cordell et al. 2009



Dairy is a key player 
in the 

Green Bay Watershed



Anthropogenic P-inputs: 
Animal Manures

• 1 hog produces 
manure equivalent to 3 people; 1 cow equal to 10 people

• The Manure Paradox: 
– Crops use N:P:K in a 3:1:2 ratio, but dairy manure is 

a 1:1:2 ratio (available)
– Meet the crop’s N need = excess P; meet the crop’s P 

need = buy N fertilizer

Kleinman et al. 2002



Natural P Sources

13Vitousek 2004

 P Inputs – all original inputs 
occur via weathering of rocks 

apatite = Ca5(PO4)3
 Dust is a secondary input

• 90% of P present 
in parent material 
is gone by 4.1 
million years in 
Hawaii (Chadwick et 

al. 1999), most lost as 
DOP (Hedin et al. 2003)



P cycling is tight, grain removal has been less than 
inputs, so P has accumulated in global soils

Bennett et al. 2001



Similar Patterns 
in WI

Bundy and Sturgul 2001



Legacy P
 Consider 3 factors:
 Pool: 
 Soils and aquatic 

sediments
 Plants and algae

 Form:
 Organic
 Inorganic 
 Available 
 Unavailable 

 Location: 
Depth 
 Landscape 

position



Only Anthropogenic P inputs and Legacy P pools are 
relevant for today’s presentation  

 Concentration 
of organic 
and inorganic 
nitrogen and 
phosphorus 
in 928 U.S. 
streams 

Chapin et al., 2011; modified from Allan 
and Castillo (2007)

↑ A
nthropogenic Influence



Creates variation in P outputs among watersheds

18Robertson and  Saad 2009



SWAT Simulated Total 
Phosphorus Yields 

(kg/ha) from Fox-Wolf 
Basin

(WY2009-13 climate, 
Routed to Lower Green Bay)

• Creates Variation: 
sub-watershed scale

• Clearly, differences 
in slope, land use, 
catchment size, etc
are examples of other 
important 
contributing factors



Field Variability

Upper East River Sub-
Watershed

Soil Test P

(note only the dark green 
fields are < crop needs)

Nonpoint Source Implementation Plan for 
the Upper East River Watershed 2015



Runoff Dissolved P 
linked to 

Soil P levels
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River/Stream Legacy P



Legacy soil P within 
Fields

Dupouey et al. 2002

• Influences are long-
lasting



Initial Results

 Variability (surprise!)
– Soil P: 3 to 553ppm

 A disproportionately small portion
of the landscape holds a 
disproportionately large portion of
soil P!

24

??
??



Soil Test Phosphorous (Bray P, ppm) composite, agronomic point samples 
collected from LFDFN fields and comparison sites in fall 2014 or 
spring 2015. 

45% of samples <30 ppm
34% of samples >50 ppm
n = 433; ~20+ fields

We derived a similar pattern independently



Vulnerability of Fields to Phosphorous Losses

Docter, Dornbush and Fermanich, 2016



Cultural Challenge
 Blue water = good; green water = bad

 Low to moderate nutrient waters = good; high 
nutrient waters = bad.

 What about for soils?

 Low to moderate nutrient soils = good bad; high 
nutrient soils = bad good.

Cultural legacy of cheap nutrients, single 
service focus, and rational thoughts of 
contingency planning



Implications of high 
soil P – diversity, 
mycorrhizae, etc

G. Fewless



Implications for other 
BMPs

Ex. riparian buffer on Bear 
Creek in Story County, Iowa

y = 0.85x - 0.97
R² = 0.94
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• Mean values taken for six independent buffers 
in the Silver Creek Watershed, WI

George and Dornbush (unpublished)



Nutrient Management 
Plans for our BMPs?

 True if established 
with high Bray soils.

 True at some point in 
time – accumulation?

https://agbmps.osu.edu/

Bray P
(ppm)



Leaching losses are generally small in natural systems

 Agricultural soils follow a different rule – soil P threshold levels

Kleinman et al. 2011



Figure 6 Soil Test Phosphorous 
Levels - Soil Test Phosphorus (Bray P, 
ppm) distribution for 433 composite, 
agronomic point samples collected from 
LFDFN fields and comparison sites in 
fall 2014 or spring 2015. 45% of the 
samples had STP values < 30 ppm, 
while 34% of the samples were >50 
ppm.

Docter, Dornbush and Fermanich, 2016
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• Variation among sites and events (n= 67)
• TP Median = 1.03 mg/L
• Only 2 samples < 0.5 mg/L TP



As we saw with the Dupouey et al. (2002) example, 
Soil P unlikely to change without intentional effort

 Options:
1. Reduce inputs
2. Reduce probability of 

undesired exports
a) Secure existing soil P
b) Reduce soil P

3. Increase desirable exports

Von Haden and Dornbush 2017



Reduce Inputs
2010 State Law on Turf Grass:  
94.643 Restrictions on the use and sale of fertilizer containing 
phosphorus.
(2) RESTRICTIONS ON USE.
(a) Except as provided in par. (b), no person may intentionally apply to turf 
fertilizer that is labeled as containing phosphorus or available phosphate….

https://docs.legis.wisconsin.gov/document/statutes/94.643(2)(b)


Reduce Inputs

X
X

X X X X X



Cover Crops

 Secure existing soil P

 Infiltration, cover, etc



Desired P exports

 Removal is a function of: 
 Biomass removed
 P concentration:
 species
 green vs. senesced

Mallerino and Prater 2007



Some inter-specific variation in P 
concentrations

 Generally, most 
species, when green, 
are about 0.2% P dry 
mass (65oC)

George and Dornbush (unpublished)



Harvesting Perennial Grasses
• Switchgrass vs. mixed graminoids
• Nitrogen fertilizer vs. legume plantings
• Single late summer vs mid- & late-summer double harvest

George and Dornbush (In Prep)

P (%):
DH: 0.29
FH: 0.22

P (%):
Fert: 0.23
Leg:  0.20



What can be harvested?
Species DH

(kg P ha-1)
SH

(kg P ha-1)
Perennial Roots

(kg P ha-1)
Source

Switchgrass 16.9 15.5 9.1
George and 
Dornbush 

(unpublished)

Corn Silage -- 8.3 to 29.7 0.0
Von Haden and 

Dornbush 
(2017)

Wheat grain & 
straw --

21.7
(included wet 

areas)
0.0

Von Haden and 
Dornbush 

(2017)

Various buffers 8.8
(5.1 to 16.5) ?

George and 
Dornbush 

(unpublished)



An ag example: soil test P changes slowly

 An Example:
 Soil test P = 75 ppm (EH)
 Track drawdown of P over a CCOHHH rotation.
 Removal of P2O5 over rotation = 340 lbs P2O5

 Change in soil test P = 340 lb P2O5/18 = 
19 ppm P

Soil test P = 56 ppm (EH) after the 6-year rotation.
(75 ppm P - 19 ppm P = 56 ppm P)



Example from Wis P-Index
 How quickly eliminating or reducing P will 

reduce STP and PI values will depend on the 
particular field and cropping system. 

 a high yielding field in a corn silage-alfalfa 
rotation could be expected to remove enough 
phosphorus to reduce soil test P (Bray P1) by 
3-5 ppm per year if no additions are made.
So if STP = 80 ppm (25% of acres) it will 

take 15 yrs to reduce excess P (60 ppm ÷ 4 
ppm/yr)



Reducing Soil Test P to 
the values in the 1970s 
(~15-30 ppm) across the 
Fox-Wolf Basin would 
reduce non-point 
P load by 40% 
and total load by 
34% 
(Baumgart, Fermanich, Robertson, under 
review JGLR)



Capturing P (and recycling?)
Wetlands can serve 
as both sinks and 
sources of P.

 Dissolved, 
bioavailable P



River/Stream Legacy P Removal, 
Yahara Watershed (2017-2021)

$12 million over 4 years to clean 33 miles of streams which 
will remove 870,000 pounds of phosphorus 
(source: exec.countyofdane.com//cleanlakes)



Simulating the  
Effects of P Load 
Reductions in the 
Winnebago Pool 
Lakes Source: Dale 
Robertson USGS

Response in 
receiving waters 
will be slow 
because of Legacy 
P in sediment.

Lake Winnebago 

Upper Pool Lakes 



P soil and Sediment Mass Balance 
 Croplands: 12-15 MILLION lbs of Excess plant available 

P in the Lower Fox River watershed (top 6 in).

 Non-production lands: ?

 Urban and suburban soils: ?

 Rivers: ?

 Wetlands/retention ponds: ?

 Lakes: ?



2013



Conclusions
 Legacy P exists in current and historic cropland soils and in 

waterways

 Excess P is vulnerable to loss (often bio available) and suppresses 
beneficial soil biological processes

 Reducing P inputs is critical to legacy P reductions

 P “mining” from soil depends on cropping system and will take 
nearly a decade for about half our soils and many decades for the 
highest 20%

 Protect and secure Legacy P from loss through perennial 
grasses and cover crops



Conclusions
 Reductions in Legacy leads to reduce P inputs to 

waterways.

 In some systems, removal of river/stream/wetland 
sediments high in P is economically feasible 
and protects downstream lakes.

 There will be a lag in lake and bay response 
to reduced cropland P inputs because of areas 
within the watersheds with significant Legacy P.

 Reduced Legacy P makes our watersheds and 
connected lakes less vulnerable to current and 
future large rain events.



Source: Sharpley et al., 2013. Phosphorus Legacy: Overcoming the Effects of Past Management
Practices to Mitigate Future Water Quality Impairment. J. Environ. Qual. 42:1308–1326
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• Add SWAT scenario results from lower soil test P
• Paul’s
• Alexi’s?
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