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Hypoxia



Some things we knowSome things we know
• Excessive algae and hypoxia reflect excess 

nutrients
• They can be reduced by controlling 

h h  (P)phosphorus (P)
• At present, most of the P entering the 

W t  B i   f  th  l d  Western Basin comes from the landscape -
non-point source origin
Much of the P enterin  the Central Basin • Much of the P entering the Central Basin 
comes from the Western Basin



June 22, 1969



What was wrong with 
Lake Erie?

Contaminated Harbors
il d

Lampreys
Alewives
Cladophora •Oil and grease

•Phenols
•Iron and other metals

Cladophora

Hypoxia •PAHs
•PCBs

Hypoxia

Contaminated Open Lake and Fish
• Mercury

PCB
Overfishing
•Blue Pike • PCBs

• DDT, DDE
•Blue Pike
•Walleye

No more mayflies...



Causes of anoxia
• A Central Basin problem

E  i  l di• Excess nutrient loading
• Thin hypolimnion

Toledo Buffalo

Thin hypolimnion

Toledo Buffalo
epilimnion

hypolimnion



Anoxia Anoxia 
increasing 

idl !rapidly!

Central Basin anoxia over time
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RemediationRemediation
• Make phosphorus the limiting nutrientp p g
• Reduce phosphorus inputs

o Detergent phosphorus bano Detergent phosphorus ban
o Sewage Treatment Plant upgrades
o Nonpoint source managemento Nonpoint source management

• Fertilizer and manure management
• Erosion preventionErosion prevention

– Conservation tillage
– Buffer strips
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Compared to short-term fluctuations, 
d    l  h !trends are quite subtle things!



Tributaries improved…p
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Central Basin Spring TP
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Central Basin Oxygen Depletion Rate
Using tentative alternate method, Rucinski et al. (in prep)
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Anoxia Anoxia 
decreasing 

i
Central Basin anoxia over time

again…

60

70

80

30

40

50

60
%

 A
no

xi
a

0

10

20

30

1955 1960 1965 1970 1975 1980 1985

EPA-GLNPO



A d th  it And then it 
happened…pp

The return of



It’s back?Central Basin anoxia over time
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Tributary P trends 1975-2007
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Central Basin Spring TP
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Central Basin Oxygen Depletion Rate

3 0

Using tentative alternate method, Rucinski et al. (in prep)

2.5

3.0

O
xy

g
en

 

1 5

2.0

 C
ol

u
m

n
 O

D
em

an
d

y = -0.283x + 564.87
R2 = 0.729

y = 0.0777x - 154.94
R2 = 0.689

1.0

1.5

W
at

er
 ?

0.0

0.5

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Dan Rucinski, LimnoTech



Western Basin Algae Problems

Microcystis



Western Basin Algae Problems

Microcystis



Western Basin Algae Problems

Microcystis



Western Basin Algae Problems

Cladophora

Lingbya



Western Basin Algae Problems
Cladophora and noxious 
“blue-green algae” are back 
with a vengeance!with a  vengeance!

City of Toledo - $3000/day to 
treat drinking water for g
microcystin.

Microcystin 1000 ppb in 
Western Basin, 2000 ppb in 
Grand Lake St. Marys. WHO 
recommendations 1 ppb for 
d i ki t (20 b fdrinking water (20 ppb for 
swimming)

Where are the nutrients that

Tom Bridgeman, U. Toledo

Where are the nutrients that 
drive this coming from?



Shift in lake responseShift in lake response
Lake Erie 
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Importance of DRPp

Dissolved PDissolved P
• 90% DRP
• DRP is 100% bioavailable for 
algal growthalgal growth

Maumee River, Bioavailable Phosphorus Loading
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Why has this happened?y pp

Dissolved Reactive Phosphorus metric tons/day
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P concentration in soil?P concentration in soil?
Long term phosphorus soil test trends for NW Ohio
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P concentration in soil
Percentile Distribution of Agronomic (0-8 in) Bray 1 

STP Values in 761 Fields in Sandusky Watershed

P concentration in soil
STP Values in 761 Fields in Sandusky Watershed  
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P stratification in soil
Top Mehlich 3-P vs calculated 0-8 in (agronomic) Mehlich 3-

P stratification in soil
P, 761 fields
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P stratification in soil
Sandusky Watershed - Stratified Soil Testing Program Sandusky Watershed - Stratified Soil Testing Program 

P stratification in soil
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Other factors - fall Other factors fall 
application and weather

• Increasing trend to apply 
fertilizer/manure in fall/winterfertilizer/manure in fall/winter

• Often not incorporated
W  i    i  l  • Warmer winters => more rain, less 
snow and frozen ground => more P loss

• ≥50% of annual DRP load in three 
winter months



Where do we stand?e e do e sta d
TP Loads to Lake Erie, 1981-2007

Point
Average

Load
10,240 
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Where do we stand?e e do e sta d
Total Phosphorus Tributary Loads to Lake Erie,  

20052005

Maumee
Sandusky
Cuyahoga
Thames
Cattaraugus CreekCattaraugus Creek
Grand (Ont)
Chagrin
Huron (OH)
Vermilion
Grand (OH)
Black
Detroit R Canada



Where do we stand?e e do e sta d
Paramete r Ave rage  annua l load,  Maumee R iver, 

2000-2007   

Wate r 189 billio n cubic feet  
1.28 cubic miles!  

Susp ende d soli ds 944,000 tons  

Total Phospho rus 2,20 0 tons 

Total  Nit rogen  44 ,700 to ns 

Dissolve d Reactiv e Phospho rus 523 tons  Dissolve d Reactiv e Phospho rus 523 tons  

Nit ra te Nit rogen  34 ,500 to ns 

hl d  1 5 000  Chlo ride  175,000 tons 
 

Bi  b  b t h d t  h d!Big numbers, but hard to comprehend!



Where do we stand?e e do e sta d
Paramete r Ave rage  load  per ac re, Maume e 

Rive r, 2000-2007  

Wate r 13” 

Susp ende d soli ds 470 lb/acre 

Total Phospho rus 1.1 lb/acre 

Total  Nit rogen  22 lb/acre 

Dissolve d Reactiv e Phospho rus 0 26 lb/acre Dissolve d Reactiv e Phospho rus 0.26 lb/acre 

Nit ra te Nit rogen  17 lb/acre 

Chl id  86 lb/  Chlo ride  86 lb/acre 
 

Ph h  b  t  l  b t ith 4 000 000 Phosphorus numbers not very large, but with 4,000,000 
acres, it adds up!



What about Detroit?!!at about et o t
• Detroit River load (incl. Detroit STP) is 

i t l  l t  M   approximately equal to Maumee average 
annual load

 b t dil t d b  st ntiti s f t• … but diluted by vast quantities of water
• … so concentrations are much lower

• The Detroit load should be reduced
ll l l• … it will help with the hypoxia problem,

• … but it won’t help with the algae problem.



What can be done?What can be done?
• Know fertility levels and don’t over-apply

W t h th  th  d d ’t l  h  i  i  • Watch the weather and don’t apply when rain is 
likely

• Consider precision application, linked to yield Consider precision application, linked to yield 
variation within field

• Fertilize in spring if possible
• Incorporate fertilizer/manure!
• Don’t apply to frozen ground, especially on snow

C id  i t   • Consider winter cover crops



What else can be done?
• Improve sewage treatment, prevent CSOs
• Phosphorus-free lawn fertilizer or no 

fertilizer at all
h h f  d h h  d• Phosphorus-free dishwasher detergent

• Find alternative to orthophosphorus for 
i  t l i  d i ki  tcorrosion control in drinking water



Lost resources…Lost resources…
• Nutrient losses from Maumee River Nutrient losses from Maumee River 

watershed, 2007:
o P: 3 500 tons N: 29 600 tonso P: 3,500 tons N: 29,600 tons

• Cost to replace them at 2008 prices:
P: $9 100 000 N: $57 500 000o P: $9,100,000 N: $57,500,000

• Cost per acre receiving fertilizer:
$o $62/acre



A look to the futureA look to the future
• The crystal ball is murky, but…The crystal ball is murky, but…
• Projected increased intensity of 

storms will lead to increased erosion storms will lead to increased erosion 
with associated loss of soil and 
attached nutrientsattached nutrients

• Projected warmer winters may 
increase winter rain and loss of increase winter rain and loss of 
surface-applied nutrients
Thi  lik l      b• Things likely to get worse, not better



A resource for more:esou ce o o e

Ohio Lake Erie Phosphorus Task Force Report

www.epa.ohio.gov



The End



M k Ad lMark Adelsperger
Resource Management Specialist

IPM Institute of North America
419 294 8960419 294-8960

madelsperger@ipminstitute.org



o IPM is a non profit organization funded on this o IPM is a non-profit organization funded on this 
project by The Great Lakes Protection Fund.

o Our task is to research how we can better build 
partnerships between SWCDs/NRCS,  Ag 
Retailers and growers to create positive results 
in Nutrient Management Planning and 
implementation effortsimplementation efforts.



 In the Great Lakes Basin, 2.8 million acres,  In the Great Lakes Basin, 2.8 million acres, 
or 19% of cropland, are in great need of 
practices to reduce nutrient and sediment 
losseslosses.

An additional 5 million acres have a 
d  l l f dmoderate level of need.

Lost soil and nutrients – loss of $$ for ost so a d ut e ts oss o $$ o
farmers and threat of regulations if not 
resolved.



 Retailers have relationships with every farmer. Retailers have relationships with every farmer.

 Retailers have products and services that help:
C   d• Cover crop seed

• Soil sampling and nutrient management planning
• Grid sampling and precision application
• Custom application of nutrients close to crop need
• Custom banded, incorporated application

 USDA Natural Resource Conservation Service 
(NRCS) and Soil & Water Conservation Districts 
can’t do the job themselvescan t do the job themselves.



What are the products and services that What are the products and services that 
can make a difference?

How many acres do we need of each to 
solve the Western Lake Erie Basin solve the Western Lake Erie Basin 
challenge?

Let’s get it done! And document our 
ability to do this on a voluntary basisability to do this on a voluntary basis.



Both within and outside of the Sandusky.Both within and outside of the Sandusky.

Contact Mark Adelsperger
• 419 294 8960• 419 294-8960
• madelsperger@ipminstitute.org

C ll b tCollaborators:
• Farmers
• Ag retailers
• Heidelberg University
• Sandusky River Watershed Coalition
• American Farmland Trust
• IPM Institute of North America



Lake Erie Watershed Crop Nutrient Retailer’s Meeting 
Perrysburg, Ohio 
29 February 201229 February 2012

What do the 4Rs really mean?
Crop nutrient stewardship thatp p

reduces loss of dissolved phosphorus

Tom Bruulsema, PhD, CCA
Director, Northeast Region, North America Program



IPNI Mission “to develop and promote scientific information 
about the responsible management of plant 
nutrition for the benefit of the human family ”nutrition for the benefit of the human family.









Outline

• Soil Test Summaries 
• Crop Nutrient Balances• Crop Nutrient Balances 
• 4R Nutrient Stewardship

f l l– Impact of source, rate, time, place on P loss
–Tillage and placement tools
–Putting P in the Right Place



Soil TestSoil Test 
Summaries



Soil test P distribution, 2001-2010
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Soil test P calibration – Ohio (preliminary)
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Site Average Yields, bu/A
Corn Soybean

Mullen, RW, EM Lentz, CE Dygert. 2012. 

CS and CCS rotations, 2006 2011
Fall broadcast fertilizer East Badger Farm 168 50

Western RS 202 51
Northwest RS 126 54



250
Fertilizer P recommended vs. sales, Ohio

recommended fertilizer sales
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“recommended” includes amounts for corn, soybeans, cereals, forages (assuming 
half the lowest alfalfa rate), tobacco and sugarbeet, assuming soil test 
distribution in 3 categories: below, within and above the maintenance range.

“sales” are state total fertilizer (no manure); *2011 is estimated.



Soil Test Summary conclusionsSoil Test Summary conclusions

• Among states of the Northeast, Ohio has the smallest g ,
proportion of soils testing above the optimum range

• Since 2005 the proportion of soils testing over 50 ppm 
B P1 d li d b t ti llBray P1 declined substantially.

• Fertilizer sales – on average – are not exceeding the 
amounts required to meet tri-state P recommendationsamounts required to meet tri state P recommendations

• Recent results confirm adequacy of tri-state P 
recommendations for corn and soybeans.



Soil test P stratifies when moldboard plowing stops

No‐till

Chisel
0 2"

Moldboard

0‐2

0‐4"

4‐8"

0 30 60 90 120 150 180
l ( hl h )

4 8

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. 

Soil test P (Mehlich‐3), ppm

p y y y y ,
Moldboard and chisel plots were plowed annually to a depth of 8”. Data 
from Gál (2005) and Vyn (2000).



Soil test P stratifies more with broadcast than with 
b dibanding
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in the 2‐8” depth—increased more with broadcast than with band 
application Silt loam soil near Wooster Ohio; continuous corn no‐till fromapplication. Silt loam soil near Wooster, Ohio; continuous corn, no till from 
spring 1980. Data from Eckert and Johnson (1985).



Crop Nutrient 
Balances

P in Lake Erie 
drainage basin



Cropland P2O5
Balance
1987



Cropland P2O5
Balance
2007



80
Ohio Cropland P Balance
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*Assumes fertilizer sales for 2011 = average of previous 5 years

Can J Soil Sci 91: 437–442.



Crop Nutrient Balance conclusionsCrop Nutrient Balance conclusions

• Phosphorus surpluses of the past have trended toward p p p
balance.

• Increasing crop yields and decreasing manure P means that 
d fi i ibl i h fdeficits are possible in the future



ScaleScale

• Farms are getting fewer and larger. 
• The proportion of Ohio cropland in farms over 1,000 

acres in size:
• 12% in 1978• 12% in 1978 
• 25% in 1992 
• 35% in 200735% in 2007 
• Is this a reason for less banding and more broadcasting? 

(calculated from Census of Agriculture statistics)



http://www.ipni.net/4r



Biodiversity

Performance 
indicators

Stakeholder 
input

Resource use    
efficiencies:   

Energy, Labor,  Water & air quality

Nutrient loss

Nutrient, Water 

Nutrient balance

Yield

Soil erosion

Ecosystems

Adoption

Profit

Return on 
investment

Food security

Yield Ecosystems 
services

f

Working 
conditions

Quality
Soil productivity Nutrition security



The basic scientific principles of managing crop 
i i l

1. Supply in plant available forms
2 S it il ti 1. Appropriately assess soil 

nutrients are universal 

2. Suit soil properties
3. Recognize synergisms among 

elements
4. Blend compatibility

pp p y
nutrient supply

2. Assess all available 
indigenous nutrient sources

3 Assess plant demandp y 3. Assess plant demand
4. Predict fertilizer use efficiency

1. Assess timing of crop uptake
2. Assess dynamics of soil nutrient

1. Recognize root-soil dynamics
2. Manage spatial variability2. Assess dynamics of soil nutrient 

supply
3. Recognize timing of weather 

factors
4 E l t l i ti f ti

3. Fit needs of tillage system
4. Limit potential off-field 

transport
4. Evaluate logistics of operations



Right SourceRight Source 
Scientific Principle: 

b l d l f h f h i l• Ensure a balanced supply of each of the essential 
nutrients in plant‐available form, utilizing all available 
sources.

Practices:
• Credit nutrients from manures and composts
• Credit N from previous crops
• Assess use of enhanced‐efficiency sources



Right Rate 

Scientific Principle:
• Assess soil nutrient supply and plant demand.
Practices:
• Soil test
• Balance crop removal
• Determine crop yield potential
• Assess price ratios



Right TimeRight Time
Scientific Principle:
• Assess timing of crop uptake soil nutrient supply weather• Assess timing of crop uptake, soil nutrient supply, weather, 
loss risks and field operation logistics.

Practices:
• Split‐application for sandy soils
• Scouting and tissue sampling
• Cover crops to capture nutrients
• Suit tillage and planting operations



Right PlaceRight Place 
Scientific Principle:
Pl t i t h th ibl t th• Place nutrients where they are accessible to the crop. 

Practices:
• Placement near seedlings• Placement near seedlings
• Within‐field management zones
• Apply soil survey informationApply soil survey information 
(drainage, etc.)

• Incorporate or inject



Applying 4R principles to P loss…Applying 4R principles to P loss…

• The greatest volume of runoff (from surface or tile) likely 
comes from the flat heavy clay soilscomes from the flat, heavy clay soils.

• These are the soils with the fewest workable days, and 
thus where timeliness of planting is the most challenging.p g g g

• They are also the soils most likely to receive fall 
broadcast P, which may [often?] go unincorporated until 

ispring. 
• We need to think about viable source-rate-time-place 

alternatives for this situation, in combination withalternatives for this situation, in combination with 
conservation tillage systems and soil stewardship that 
increases water infiltration, soil water holding capacity, 
thereby minimizing runoffthereby minimizing runoff.



Owens and Shipitalo, 2006.Owens and Shipitalo, 2006. 
Coshocton, Ohio. 
Grazed pasture.
Fertilized at 80 to >200 lb P2O5/A.5
Natural runoff events.



Rainfall simulator study, NW Ohio, Nov 2009
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• No‐till >20 years; tillage = roto‐tiller 4‐6” deep
• P sources applied at 92 lb P2O5 per acre 7‐12 days before rain
• Rain @ 2.4”/hour; first 30 minutes runoff

Mullen and Dayton, 2011, unpublished

@ / ;
• Soil test P 40‐50 ppm 0‐2” and 11‐13 ppm 0‐8”



Rotational tillage & dissolved P – Waterloo, IN
before fertilizer application
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15‐year no‐till sites corn‐soybean rotation Tillage 12 April with “finisher”

61 vs 39 
mm

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
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15‐year no‐till sites corn‐soybean rotation Tillage 12 April with “finisher”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



Fertilizer and crop rotation influence 
dissolved P loss Woodslee Ontariodissolved P loss – Woodslee, Ontario
Crop Surface runoff loss Tile Drainage Water

Dissolved P loss, lb P2O5/A Dissolved P, ppmDissolved P loss, lb P2O5/A Dissolved P, ppm
Fertilizer: Zero NPK Zero NPK

Continuous corn 0.2 0.7 0.04 0.14
R t ti C O A A 0 2 2 1 0 05 0 43Rotation C-O-A-A 0.2 2.1 0.05 0.43
Bluegrass sod 0.3 6.7 0.05 1.10

•Plots established 1959. Data from 1980‐81 (two‐year average)
Culley et al. 1983. J. Environ. Qual. 12:493‐498.

•Poorly drained Brookston clay soil (similar to Hoytville soil in MI, IN, OH).
•NPK includes ~60 lb P2O5/A annually.
•>50% of the total P load through tiles; one‐third particulate.
•Sod has ⅓ to ½ the runoff and 70% of the Ɵle discharge of conƟnuous corn.
•Similar DP results in tile drainage monitored 2001‐2003 (TQ Zhang, 2012).
•2002 Soil P levels (Olsen) <10 ppm with ero fertili er•2002 Soil P levels (Olsen) <10 ppm with zero fertilizer; 
~60, ~90, ~ 110 on CC, RC, sod, respectivley, with NPK. 



P loss from three corn tillage systems, 
Woodslee, ON 1988‐1990
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0 4
Fluid P – knifed‐in versus broadcast
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Annual runoff P losses as affected by tillage x placement in 
sorghum – soybean rotation. East‐central Kansas.
Fl id li d @ 50 lb P O /A

Kimmel et al. 2001. J. Environ. Qual. 30:1324‐1330

Fluid applied @ 50 lb P2O5/A.



Practice  Advantages Limitations

S – MAP or DAP
R – rotation removal 

Minimal soil compaction if weather 
allows

Risk of elevated P in runoff in 
late fall and winter

T – fall 
P – broadcast   

Allows timely planting in spring
Lowest‐cost fertilizer form
Low cost of application

Long time to react with soil: may 
reduce availability to crop
Low N and P use efficiency

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

Minimal soil compaction if weather
allows
Better N use efficiency

Risk of elevated P in spring 
runoff before incorporation
Potential to delay plantingT  spring

P – broadcast   
Better N use efficiency Potential to delay planting

Retailer spring delivery capacity

S – MAP or 10‐34‐0
R – one crop removal

Lower risk of elevated P in runoff
Most efficient use of N and P

Air carts? Fluid tanks? $
Wheat/soybean seeders? $R one crop removal 

T – in planter 
P – 2” x 2” band 

Most efficient use of N and P
Less soil P stratification

Wheat/soybean seeders? $
Potential to delay planting
Retailer delivery capacity $
Cost of fluid versus granular $Cost of fluid versus granular $

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

Lower risk of elevated P in runoff
Better N and P efficiency
Maintain some resid e co er

Cost of RTK GPS to guide zones $
New equipment $
More time req ired thanT  fall 

P – banded in zone 
Maintain some residue cover
Allows timely planting in spring
Less soil P stratification

More time required than 
broadcast



Policy Level – Regulatory, 
Infrastructure, Product Development LOCAL SITE 

4R Adaptive Management for Plant Nutrition

Regional Level
Agronomic scientists, 

DECISION SUPPORT based 
on scientific principles

, p
FACTORS

•Climate
•Policies
L d t

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

g ,
Agri‐service 
providers

•Land tenure
•Technologies
•Financing 
•Prices

Farm Level
Prod cers

DECISION 
A t i j t

rate, time, and place (BMPs) •Prices
•Logistics
•Management
•Weather

ACTION
Ch i ti

Producers, 
Crop advisers

Accept, revise, or reject Weather
•Soil
•Crop demand
•Potential 

Change in practice

EVALUATION of OUTCOME  
C i S t

losses
•Ecosystem 
vulnerability

Cropping System 
Sustainability Performance



nutrientstewardship.com



4RAdvocate Program4R	Advocate	Program
• Recognize producers and retailers utilizing 4Rs

• Engage producers and share success stories

• Inaugural program received 37 producer 
nominations from retailers across the US

• Winners get trip to Commodity Classic and will 
participate in TFI booth

• Regional winner: Loyer Farms & Morral Companies













Summary – how to reduce P loss with 4R?Summary  how to reduce P loss with 4R?
• Lake Erie basin cropland P balance – OK on average.
• Lake Erie basin soil test P some below at & above optimum• Lake Erie basin soil test P – some below, at & above optimum.
• 4R Nutrient Stewardship to manage the P issue:

– Source: Forms that suit placement in the soil Account forSource: Forms that suit placement in the soil. Account for 
manures applied.

– Rate: Soil test. Replenish crop removal.
– Time: Avoid applying to frozen or snow‐covered soil during 
winter. Where possible, replace fall with spring.
l l i h il f h i i– Place: Place P in the soil for each crop. Design conservation 

tillage systems to deal with stratification.
• Practice Adaptive Management: work with partners toPractice Adaptive Management: work with partners to 
validate practices in the field. Recognize successes.



Comments 
Welcome

i i tnane.ipni.net



Putting the Agronomics All Together
Greg LaBarge
Field Specialist Agronomic Systems
Ohio State University Extension

EMPOWERMENT THROUGH EDUCATION



Agriculture in Lake Erie BasinAgriculture in Lake Erie Basin

• 4 2 Million Acres4.2 Million Acres 
Maumee Watershed

• 72% cropland in• 72% cropland in 
Western

• 4.9 Million Total
• 59.1% cropland



OverviewOverview
• Soil reactions of phosphorousSoil reactions of phosphorous 
• Nutrient Movement 
• Plant UptakePlant Uptake
• Do the tri-state recommendations still work
• Soil sampling• Soil sampling



Three Important Soil P Fraction for Plant 
NutritionNutrition

Soil Solution Labile P Nonlabile P



Nutrient Movementut e t o e e t

Fertilizer Manure

Adsorbed
P

Labile P

Adsorption

Desorption

Plant uptake

Solution PSolution P

HH22POPO44
--

HPOHPO44
22--

Secondary 
Minerals
Fe/AlPO4

Organic
Matter
Bound

PDissolution

Precipitation Mineralization

Immobilization
<0.3 ppm<0.3 ppm

Fe/AlPO4
CaHPO4

Nonlabile P

P
Nonlabile P

Dissolution Immobilization

Labile P

Primary 
Minerals

Nonlabile P

Dissolution

Leaching

Total P in soil – 50-1500 ppm
~ 100-3000 lb/acre

Leaching



Nutrient MovementNutrient Movement
• Can they move?

Y L t d idi f t il t t d t i t– Yes.  Largest deciding factors are soil texture and nutrient 
concentration (tillage is a factor as well, obviously)

Boem et al., SSSAJ, 2008



Nutrient MovementNutrient Movement

• Nutrient concentration causing nutrient leaching• Nutrient concentration causing nutrient leaching 
1.5

Drainage from 50-cm undisturbed soil lysimeters

Dissolved P,
mg/L

1

0.5

0
0 200 400 800600

Mehlich-3 soil P, mg/kg



Nutrient Movement and Uptake
• Nutrient mobility and competition

Root 
system 

tisorption 
zone

Root 
surface 
sorption 
zone



Nutrient UptakeNutrient Uptake
• Since they are available from a relatively small volume of soil, is 

there much competition between plants for these nutrients?
– Think about a nodal root system for corn 

• There may be some competition, but not like for a mobile nutrient 
like nitrogen

• This is important, due to a lack of competition between plants, the 
amount of nutrient required is not related to yield level

• All we need to do is achieve a nutrient concentration to ensure 
adequate availability!



Critical LevelsCritical Levels
• Ohio State data – relative corn yield and STP
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Critical LevelsCritical Levels
• Ohio State data – relative soybean yield and STPy y
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Fertility RatesFertility Rates



Crop P- Bray 1
(PPM)

P- Bray 1
(lbs/A)(PPM) (lbs/A) 

Corn & Soybeans 15 30
Wheat & Alfalfa 25 50



Crop P- Bray 1
(PPM) 

P- Bray 1
(lbs/A) ( ) ( )

Corn & Soybeans 30 60
Wheat & Alfalfa 40 80



Crop P- Bray 
1

P- Bray 1
(lbs/A) 

(PPM) 
( )

Corn & Soybeans 40 80
Wheat & Alfalfa 50 100Wheat & Alfalfa 50 100



"What do you mean do not put any P on, 
' l d ?"won't my soil test drop?"

Two part answer. 
First yes, soil test levels will drop, but if you 
are above the crop response range for the 
crop it really is not a problem crop production 
wise. If you are above 30 PPM there is no yield 
benefit and if you are way above this level 
there is an economic benefit to using this soil 
stored P. 



"What do you mean do not put any P on, 
' l d ?“won't my soil test drop?“ Part 2

The second part of the answer is soil test do 
not drop 1 to 1 with crop removal. A 150 
bushel corn crop removes (150 bushel * 0.37 
Crop removal = 56 lbs). Phosphorous 
chemistry in the soil buffers the crop removal 
so that for each 15‐20 lbs of P2O5 removal 
phosphorous levels in the soil are lowered 1 
PPM. So our 150 bushel crop will lower the 
soil test at around 3‐4 PPM.



CornCorn



SoybeanSoybean



WheatWheat



EquationsEquations

BUILDUP EQUATIONBUILDUP EQUATION

for P:  lb P2O5/A to apply = [(CL - STL) x 5]  (YP x CR)

MAINTENANCE EQUATION

for P:  lb P2O5/A to apply = YP x CR

DRAWDOWN EQUATION

for P: lb P2O5/A to apply = (YP x CR) - [(YP x CR) x (STL - CL  15))/10]

CL = critical soil test level (ppm)
STL = existing soil test level (ppm)
YP = crop yield potential (bu per acre for grains, tons per acre for forages)
CR = nutrient removed per unit yield (lb/unit)
CEC = soil cation exchange capacity (meq/100g)



Are Current Critical Levels Still 
Valid?

• Northwest Research Station near Custar, Ohio

• Initial soil test levels
– P – 39 ppm; K – 272 ppm; CEC – 24 meq/100 g

C iti l l l 15 (P) d 135 (K)– Critical levels – 15 ppm (P) and 135 ppm (K)

• Would you expect much response at this location?Would you expect much response at this location?



Are Current Critical Levels Still 
Valid?

• Phosphorus response in corn-soybean rotationp p y

1x and 2x rate in CS – 85 and 170 lb/acre, respectively



Are Current Critical Levels Still 
Valid?

• Phosphorus response in corn-corn-soybean rotationp p y

1x and 2x rate in CCS – 140 and 280 lb/acre, respectively



Are Current Critical Levels Still 
Valid?

• Western Research Station near Springfield, Ohio

• Initial soil test levels
– P – 20 ppm; K – 102 ppm; CEC – 14 meq/100 g

C iti l l l 15 (P) d 110 (K)– Critical levels – 15 ppm (P) and 110 ppm (K)

• Would you expect much response at this location?Would you expect much response at this location?



Are Current Critical Levels Still 
Valid? 

• Phosphorus response in corn-soybean rotationp p y

1x and 2x rate in CS – 85 and 170 lb/acre, respectively



Are Current Critical Levels Still 
Valid? 

• Phosphorus response in corn-corn-soybean rotationp p y

** *

1x and 2x rate in CCS – 140 and 280 lb/acre, respectively



Are Current Critical Levels Still 
Valid?

• East Badger Farm  near Wooster, OH

I iti l il t t l l• Initial soil test levels
– P – 17 ppm; K – 109 ppm; CEC – 11 meq/100 g

Critical levels 15 ppm (P) and 103 ppm (K)– Critical levels – 15 ppm (P) and 103 ppm (K)

• Would you expect much response at this location?



Are Current Critical Levels Still 
Valid? 

• Phosphorus response in corn-soybean rotationp p y

**
**

1 d 2 i CS 8 d 1 0 lb/ i l1x and 2x rate in CS – 85 and 170 lb/acre, respectively



Are Current Critical Levels Still 
Valid? 

• Phosphorus response in corn-corn-soybean rotationp p y

*
*

1x and 2x rate in CCS – 140 and 280 lb/acre, respectively



Soil TestingSoil Testing

• Critical to making good nutrient decisionsCritical to making good nutrient decisions
• Need a well taken sample that represents 

the sample area (yield response)the sample area (yield response)
– Depth of probe

10 15 (Z ) 5 ( i t)– 10-15 cores (Zones) or 5 cores (point)
• Adaptive Management

– Yield response
– Soil test movement



Spatial Variation
0-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 120-135

Soil test P

3203/02/2012



Nutrient DistributionNutrient Distribution
• Mean soil test P – 18 ppm
• Median soil test P – 16 ppm• Median soil test P – 16 ppm

33 03/02/2012





Nutrient BalanceNutrient Balance
Units

Soil Test Start ppm 112Soil Test Start ppm 112

Fertilizer Yield Removal
Year 1 lbs/A P205 78 210 0.37
Year 2 lbs/A P205 54 68 0 8Year 2 lbs/A P205 54 68 0.8
Year 3 lbs/A P205 71 192 0.37
Year 4 lbs/A P205 47 59 0.8

250
Crop RemovalCrop Removal
Year 1 lbs/A P205 26
Year 2 lbs/A P205 0
Year 3 lbs/A P205 26
Year 4 lbs/A P205 0

52
Soil Test End ppm 88
Net Usage lbs/A P205 250
period soil test p
change ppm -24

lbs to change 1 ppm -10



SummarySummary

• Manage nutrient pools to provideManage nutrient pools to provide 
adequate soil solution concentrations

• Immobile nutrients need to obtain critical• Immobile nutrients need to obtain critical 
level of soil solution
T i t t hil h d t lid ti• Tri state philosophy and recent validation

• Soil sampling
• Utilizing soil sampling and nutrient 

balances



Soil Health,Soil Health,,,
Nutrient Management and Nutrient Management and 
the New 590 Standardthe New 590 Standardthe New 590 Standardthe New 590 Standard

Mark Scarpitti  CCAMark Scarpitti, CCA
State Agronomist, Ohio NRCS

(740) 653-1500 ext 103( )
mark.scarpitti@oh.usda.gov

Ohio Ag Business Association, February 29, 2012

Helping People Help the Land

g , y ,



There are several different There are several different There are several different There are several different 
resource concerns in Ohioresource concerns in Ohio

Most can be a put under the category of…Most can be a put under the category of…

•Water Quality Concerns

S il Q lit  C•Soil Quality Concerns



When we talk about water When we talk about water When we talk about water When we talk about water 
quality concerns…quality concerns…

• Nutrients and pesticides in surface water

N t i t  d ti id  i  d t• Nutrients and pesticides in ground water

• Suspended sediment in surface water

Helping People Help the Land



So why are we seeing an So why are we seeing an So why are we seeing an So why are we seeing an 
increase in SRP?  increase in SRP?  

The evidence points to… 
• poor soil health and
• poor nutrient management practicesp g p



One indicator of poor soil healthOne indicator of poor soil health

CompactionCompactionpp

= Poor infiltration

= High runoff

Hi h “fl hi ”= Higher “flashiness”



Blount soil showing severe 
compaction

Blount soil under continuous 
NoTill showing good soil structure 

(very low infiltration = very high runoff) (and good infiltration)



Let’s look at some common practices that Let’s look at some common practices that pp
have a negative impact on soil health and have a negative impact on soil health and 
water qualitywater quality

Helping People Help the Land



Conventional TillageConventional Tillagegg
Moldboard plowing or multiple 
tillage passes that bury all residue tillage passes that bury all residue 
from the previous crop.

Helping People Help the Land



Conventional TillageConventional Tillagegg
• Destroys soils structure
• Reduces infiltration
• Oxidizes soil organic matter
• Can cause compaction

Helping People Help the Land



Rotational Tillage?Rotational Tillage?
Not actually a conservation practice
It is a term generally used for a producer whog y p

–NoTill one year (soybeans into corn stalks)
–Conventional tillage or mulch tillage the next year 

•Destroys the soil structure •Destroys the soil structure 
gained with the NoTillage

•Oxidizes organic matter

•Reduces infiltration over 
continuous NoTillage

Helping People Help the Land



Long Term NoLong Term No--TillTill
vsvsvs.vs.

Rotational TillageRotational Tillage

Both Fields are a Corn/Soybean Rotation
These pictures are of a newly emerging corn crop

NoTill soybeans then StripTill Corn NoTill Soybeans then Tilled corn

Same rain event on May 15Same rain event on May 15
¾” less than 1/8 mile apart

Helping People Help the Land



Poor Nutrient ManagementPoor Nutrient Managementgg
Poor management of the… 

• Amount
• Placement
• Form
• or Timingor Timing

of manure and commercial fertilizer

Helping People Help the Land



Poor Nutrient ManagementPoor Nutrient Managementgg
Over the years we have seen an increase of… 
 Fertilizer broadcast on the soil surface
 Custom application Custom application
 Fall and winter application
 Not incorporated

Combined with compaction, the fertilizer dissolves and runs off with 
the first rainfall event



Proper Nutrient ManagementProper Nutrient ManagementProper Nutrient ManagementProper Nutrient Management

• Reduces nutrients in surface 
and ground water

• Improves the efficiency of 
crop uptake

Helping People Help the Land

p p

• Improves profits



Proper Nutrient ManagementProper Nutrient Management
Four R’s of Nutrient Management

Proper Nutrient ManagementProper Nutrient Management

Right SourceRight SourceRight SourceRight Source

Ri ht TiRi ht Ti

Ri ht PlRi ht Pl

Right TimeRight Time

Right PlaceRight Place

Right RateRight Rate



Proper Nutrient ManagementProper Nutrient ManagementProper Nutrient ManagementProper Nutrient Management

Phosphorus must contact the soil to be tied upPhosphorus must contact the soil to be tied up

 d Injected
 Banded
 Incorporated (if Broadcast)p ( )
 StripTill – with Controlled Traffic Farming
 Top dress on growing crop / cover crop (not dormant)

Surface application without 
incorporation causes nutrient loss incorporation causes nutrient loss 

due to runoff.



Proper Nutrient ManagementProper Nutrient ManagementProper Nutrient ManagementProper Nutrient Management

Phosphorus must contact the soil to be tied upPhosphorus must contact the soil to be tied up

 d Injected
 Banded
 Incorporated (if Broadcast)p ( )
 StripTill – with Controlled Traffic Farming
 Top dress on growing crop / cover crop (not dormant)

This is especially true if fertilizer is 
broadcast or frozen or snow covered broadcast or frozen or snow covered 

ground.



NRCS just updated the National
590 Nutrient Management standard.

Ohi  NRCS ill  b  d ti  th  Ohio NRCS will soon be updating the 
State 590 Standard to reflect the new 
national criterianational criteria.



NRCS just updated the National
590 Nutrient Management standard.

Ohi  NRCS ill  b  d ti  th  Ohio NRCS will soon be updating the 
State 590 Standard to reflect the new 
national criterianational criteria.

Will involve our partners
ODA d ODNR b th f  i  ORC• ODA and ODNR both refer in ORC



Structure of a StandardStructure of a Standard

1. Definition
2 Purposes2. Purposes
3. Criteria
 General Criteria
 Additional C ite ia fo Additional Criteria for

a specific purpose

4. Considerations

5. Plans and Specifications5. Plans and Specifications

6. Operation and Maintenance



National 590 Nutrient Management StandardNational 590 Nutrient Management Standard

DEFINITION
Managing the…

•Amount (rate)
Source•Source

•Placement (method of application)
•Timing of plant nutrientsTiming of plant nutrients

(4-Rs)( )



National 590 Nutrient Management StandardNational 590 Nutrient Management Standard

PURPOSES
•To budget, supply, and conserve nutrients for 

plant production.p p

•To minimize agricultural nonpoint source pollution 

of surface and groundwater resourcesof surface and groundwater resources.

•To properly utilize manure or organic by-products 

  l t t i t as a plant nutrient source.

•To maintain or improve the physical, chemical, 

and biological condition of soil.



National 590 Nutrient Management StandardNational 590 Nutrient Management Standard

CRITERIA
General Criteria Applicable to All 
Purposes

•A nutrient budget (plan) for nitrogen, 

phosphorus, and potassium must be developed 

that considers all potential sources of nutrients.



This is a big changeThis is a big changeThis is a big change…This is a big change…

ALL nutrients (including manure) are now under the ALL nutrients (including manure) are now under the 

590 standard…

Manure used to be under 633 Waste UtilizationManure used to be under 633 Waste Utilization



Change in definition of a “current soil test”…Change in definition of a “current soil test”…

Criteria:

C t il t t   th   ld  th  3 •Current soil tests are those no older than 3 years.

Considerations:

•Soil test no older than 1 year when developing new 

plans. 

Old t d dOld standard
3 yrs for manure
5 yrs for fertilizer



National 590 Nutrient Management StandardNational 590 Nutrient Management Standard

CRITERIA
Criteria Applicable to All Purposes

The NRCS-approved nutrient risk assessment for 

nitrogen must be completed on all sites unless… 

…nitrogen leaching is not a risk to water quality, 

including drinking water.



National 590 Nutrient Management StandardNational 590 Nutrient Management Standard

CRITERIA
Criteria Applicable to All Purposes

The Phosphorus Risk Index must be used when:The Phosphorus Risk Index must be used when:
• Phosphorus application rate exceeds land-grant 

university recommendationsuniversity recommendations.

• The planned area is within a phosphorus- impaired 

h dwatershed.



Requiring the N and P risk assessments...Requiring the N and P risk assessments...

I  t i t  th   t Ohi  590 t d dIs stricter than our current Ohio 590 standard

But is consistent with what we currently 

require with the Enhanced Nutrient 

M t Pl  d l dManagement Plans developed

under the Ohio 590 Conservation 

Systems offered through EQIP.



Because of this emphasis on the PBecause of this emphasis on the P--Risk Index…Risk Index…

It i   i t t th   t  It is more important than ever to 

re-evaluate our current Ohio P-Risk Index to 

be sure it is predictive.



Another big change…Another big change…g gg g

Nutrients must not be surface-applied on:Nutrients must not be surface applied on:

• Frozen and or snow-covered soils

• When the top 2 inches of soil are saturated 

from rainfall or snow melt. 

Thi  i l d  b th This includes both 

manure and fertilizer.



When nutrients in surface water are a problem…When nutrients in surface water are a problem…

The new 590 standard requires a system of practices that The new 590 standard requires a system of practices that 
work together to avoid, control and trap excessive nutrients.work together to avoid, control and trap excessive nutrients.



Conservation Management SystemsConservation Management Systems

Requiring a system of 

practices is not currently 

part of the Ohio 590 p

standard but again we 

h  b  i i  thi  have been requiring this 

with the 590 

Conservation System 

th o gh EQIPthrough EQIP.



When nutrients in surface water are a problem…When nutrients in surface water are a problem…

Nutrient efficiency / technologies strategies 
that are to be consideredthat are to be considered

1. Slow and controlled release fertilizers

2. Nitrification inhibitors and urease inhibitors

3. Enhanced efficiency fertilizers

4. Incorporation or injection

5. Timing and number of application

6. Soil nitrate and organic N testing

7. Coordination of nutrient applications with crop nutrient uptake

8 CSNT  PSNT  PSNT8. CSNT, PSNT, PSNT

9. Tissue testing chlorophyll meters, and spectral analysis technologies

10. Other land grant university recommended technologies that improve 

nutrient use efficiency and minimize surface or groundwater 

concerns.



Promotes Adaptive Nutrient ManagementPromotes Adaptive Nutrient Management

1. “A process used to plan, implement, 

evaluate, and adjust nutrient application 

strategies over time (multiple seasons)strategies over time (multiple seasons).

2. Must follow prescribed NRCS protocols



Promotes Precision Nutrient ManagementPromotes Precision Nutrient Management

•Use variable-rate nitrogen…

•Use variable-rate phosphorus…

•Develop site-specific yield maps•Develop site specific yield maps…

•Use the data to further diagnose low- and 

high- yield areas, or zones, and make 

the necessary management changesthe necessary management changes.

Again already a requirement in the 590 Conservation 
S stem th o gh EQIPSystem through EQIP.



Proper Nutrient ManagementProper Nutrient ManagementProper Nutrient ManagementProper Nutrient Management

• Reduces nutrients in surface 
and ground water

• Improves the efficiency of 
crop uptake

Helping People Help the Land

p p

• Improves profits



What is good for the environmentWhat is good for the environment

Everyone benefits from a 

What is good for the environment…What is good for the environment…
is good for the produceris good for the producer

Everyone benefits from a 
sustainable system that improves 
soil and water quality… 

as well as the bottom line.  

Contact your local SWCD, 
Your local NRCS District Conservationist
Or me for more informationOr me for more information.

Helping People Help the Land



Agriculture…

It’s what feeds the world.

Helping People Help the Land
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