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Some things we know

» Excessive algae and hypoxia reflect excess
hutrients

» They can be reduced by controlling
phosphorus (P)

* At present, most of the P entering the
Western Basin comes from the landscape -
nhon-point source origin

* Much of the P entering the Central Basin
comes from the Western Basin







What was wrong with
Lake Erie?

Lampreys
Alewives
Cladophora

FPAKS |
*PCBS |

Contaminated Open Lake zi_m

No more mayflies...




causes of anoxia

* A Central Basin problem
» Excess nutrient loading
* Thin hypolimnion

Toledo Buffalo




Anoxia
Increasing
rapidly!
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Remediation

* Make phosphorus the limiting nutrient

* Reduce phosphorus inputs
o Detergent phosphorus ban
o Sewage Treatment Plant upgrades

o Nonpoint source management
» Fertilizer and manure management

» Erosion prevention
- Conservation tillage
- Buffer strips




Looking for Signs of Success

Compared to short-term fluctuations,
trends are quite subtle things!




Tributaries improved...

Suspended Solids
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Dave Dolan, UWGB
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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)

Demand

y = -0.283x + 564.87
R? = 0.729
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Anoxia
decreasing
again...

Central Basin anoxia over time
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And then it
happened...

The return of




Central Basin anoxia over time
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Tributary P trends 1975-2007

Discharge, m®/sec Particulate Phosphorus, metric tons/day
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Central Basin Spring TP

y = 0.0009x - 17.622
R*=0.0745
y = -0.0015x + 58.122 p<0.0001

R? = 0.0798
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Central Basin Oxygen Depletion Rate

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

Demand

y = -0.283x + 564.87 y = 0.0777x - 154.94
R? = 0.729 R? = 0.689

cC
()]
(@)
>
X
O
cC
E
]
@)
@)
-
Q
=
2

0.0 I 1 1 1 I I 1
1986 1988 1990 afejerz 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!

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

Microcystin 1000 ppb in
Western Basin, 2000 ppb in
Grand Lake St. Marys. WHO
recommendations 1 ppb for
drinking water (20 ppb for
swimming)

Where are the nutrients that
drive this coming from?

Tom Bridgeman, U. Toledo




Shift in lake response

Lake Erie
Total Phosphorus Loadings

Il Lake Erie TP Loading

— TP Target Loading
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Importance of DRP

Dissolved P

* 90% DRP

« DRP is 100% bioavailable for
algal growth

Maumee River, Bioavailable Phosphorus Loading

ioavailabe Soluble Phos. @ Bioavailable Particulate Phos.

I _g |
,¢“| i |
|‘|‘|I|‘-‘| ||||I|||.|.|||||‘|||||I|||‘|‘|‘|‘| |

1975 1980 1985 1990 1995 2000 2005

Water Year

Particulate P

* ~30% bioavailable
- Tends to settle to bottom

L LTy

5] =

||I il- - "-.au-
‘ ‘ 'Y
|III|III|I:I|I




Why has this happened?

Dissolved Reactive Phosphorus, metric tans/day
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P concentration in soil?

—
ol
>
S
m
3)
@®©
~~
%)
=

80

60 -
40 -
20
0

Long term phosphorus soil test trends for NW Ohio

OSU Lab

AAA A
Calhoun L V4
OSU Lab

Logan
»® Lab

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005



P concentration in soil

Percentile Distribution of Agronomic (0-8 in) Bray 1
STP Values in 761 Fields in Sandusky Watershed
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Critical Maintenance
3% Level Level

50% | 33%
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Fertilizer Rate

Buildup EMaintenance i+ Drawdown
Range ' Range ' Range

Soil Test Level

| |
: : Wheat
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P stratification 1n soil

Top Mehlich 3-P vs calculated 0-8 in (agronomic) Mehlich 3-
P, 761 fields

2.67:1

100 125 150
Agronomic (0-8 in) Mehlich 3-P, ppm




P stratification 1n soil

Sandusky Watershed - Stratified Soil Testing Program

* Bottom (2-8in) « Top (0-2in)

100%

P L Cew e d Ted FTwm

90% - - —
80% | 48 ppm 78 ppm
70% - /

60%
50% |28 ppmj’( )“26 ppm

40% | fn‘( / Surface enrichment ~2.0x

30%
20% - 161" could account for ~50% of
10% DRP increase.
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Other factors - fall
application and weather

» Increasing trend to apply
fertilizer/manure in fall/winter

» Often not incorporated

+ Warmer winters => more rain, less
snow and frozen ground => more P loss

- >560% of annual DRP load in three
winter months




Where do we stand?

TP Loads to Lake Erie, 1981-2007

Average
Load
10,240
metric
tons




Where do we stand?

Total Phosphorus Tributary Loads to Lake Erie,
2005

H Cattaraugus Creek
O Grand (Ont)

H Chagrin

OHuron (OH)
OVermilion

Grand (OH)

Black

Detroit R Canada

]
O
O
|
O
]
LM




Where do we stand?

Paramete r

Average annual load, MaumeeR iver,
2000-2007

Water

189 billion cubic feet
1.28 cubic milesl!

Susp ended solids

944,000 tons

Total Phospho rus

2,200 tons

Total Nitrogen

44 700 tons

Dissolve d Reactiv e Phospho rus

523 tons

Nit rate Nit rogen

34,500 tons

Chlo ride

175,000 tons

Big numbers, but hard to comprehend!




Where do we stand?

Paramete r

Average load per acre, Maume e
River, 2000-2007

Water

13 n

Susp ended solids

470 Ib/acre

Total Phospho rus

1.1 Ib/acre

Total Nitrogen

22 Ib/acre

Dissolve d Reactiv e Phospho rus

0.26 Ib/acre

Nit rate Nit rogen

17 Ib/acre

Chlo ride

86 Ib/acre

Phosphorus numbers not very large, but with 4,000,000
acres, it adds up!




What about Detroit?!!

+ Detroit River load (incl. Detroit STP) is
approximately equal to Maumee average

annual load
- .. but diluted by vast quantities of water

- ... S0 concentrations are much lower

* The Detroit load should be reduced
- ... it will help with the hypoxia problem,
- ... but it won't help with the algae problem.




What can be done?

» Know fertility levels and don't over-apply
+ Watch the weather and don't apply when rain is
likely

» Consider precision application, linked to yield
variation within field

* Fertilize in spring if possible

* Incorporate fertilizer/manurel

- Don't apply to frozen ground, especially on snow
- Consider winter cover crops




What else can be done?

» Improve sewage treatment, prevent CSOs

* Phosphorus-free lawn fertilizer or no
fertilizer at all

* Phosphorus-free dishwasher detergent

» Find alternative to orthophosphorus for
corrosion control in drinking water




L oSt resources...

* Nutrient losses from Maumee River
watershed, 2007:

o P: 3,500 fons N: 29,600 tons

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

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




A look to the future

* The crystal ball is murky, but...

* Projected increased intensity of
storms will lead to increased erosion
with associated loss of soil and

attached nutrients

* Projected warmer winters may
increase winter rain and loss of
surface-applied nutrients

» Things likely to get worse, not better




A resource for more:

Ohio Lake Erie Phosphorus Task Force Report

www.epa.ohio.gov










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

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 efforts.




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

losses.

An add1t1ona1 5 m1111on acres have a

SUllL cadlitl 11Ul ic 2y 1L Ol D .
ers and threat regulat1ons 1f not
resolved.




Retailers have relationships with every farmer.

Retailers have products and services that help:
Cover crop seed
Soll 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 themselves.




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
challenge?

Let’s get it done! And document our




Both within and outside of the Sandusky.

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

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 2012

What do the 4Rs really mean?

Crop nutrient stewardship that
reduces loss of dissolved phosphorus

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



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

Affiliate Members












Outline

e Soil Test Summaries

e Crop Nutrient Balances

* 4R Nutrient Stewardship
—Impact of source, rate, time, place on P loss
—Tillage and placement tools
—Putting P in the Right Place



Soil Test
Summaries




30% -
Ohio & 2001 - 69,385 samples
25% - M 2005 - 85,777 samples
50% W 2010 - 248,760 samples
° critical level> <maintenance
15% -
10% -
5% -
0% -
<5 <10 <15 <20 <25 <30 <40 <50 >50
Soil Test P (Bray P1 equivalent), ppm




Figure 1
FERTILIZER RECOMMENDATION SCHEME
USED IN THE TRI-STATE REGION

Critical level Maintenance limit

Fertilizer rate

Maintenance - Drawdown
range range

S0il test level



Soil test P calibration — Ohio (preliminary)
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3 sites x 2 rotations x 6 years

CS and CCS rotations, 2006-2011
Fall broadcast fertilizer

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

Site

Average Yields, bu/A
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East Badger Farm

Western RS
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" recommended W fertilizer sales

“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 conclusions

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

e Since 2005 the proportion of solls testing over 50 ppm
Bray P1 declined substantially.

 Fertilizer sales — on average — are not exceeding the
amounts 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
m0-2"
M 0-4"
Moldboard W 4-8"
0 30 60 90 120 150 180
Soil test P (Mehlich-3), ppm

Soil test P distribution with depth in a long-term tillage experiment on a
poorly drained Chalmers silty clay loam soil near West Lafayette, Indiana.

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



Soil test P stratifies more with broadcast than with
banding

3.0

%
&4 25
>~
;? /
o 20
§ —
-lé 1.5 S
£ = ——&—broadcast - 60 Ib P205/A/year
© 1.0
2 band - 60 Ib P205/A/year
= 0.5
n =~ control - no P applied
O-O T T 1
1980 1981 1982 1983

Soil P stratification—the ratio of soil test P in the top 2” compared to that
in the 2-8” depth—increased more with broadcast than with band
application. 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 P,O.
Balance

1987

Mocumentacion

Source & utpu



Cropland P,O.
Balance

2007

Mocumentacion

Source & Lutput Lata



80

Ohio Cropland P Balance
O Fertilizer
50 - E Manure
= Crop Removal
< l .
= 40
0
o
20 A
O -

1971 1976 1981 1986 1991 1996 2001 2006 2011

*Assumes fertilizer sales for 2011 = average of previous 5 years
Can J Soil Sci 91: 437-442.



Crop Nutrient Balance conclusions

e Phosphorus surpluses of the past have trended toward
balance.

* Increasing crop yields and decreasing manure P means that
deficits are possible in the future



Scale

 Farms are getting fewer and larger.

e The proportion of Ohio cropland in farms over 1,000
acres in size:

* 12% in 1978
e 25% in 1992
e 35% in 2007
e Is this a reason for less banding and more broadcasting?

(calculated from Census of Agriculture statistics)



Chapter 1 Goals of Sustainable Agriculture ...

Chapter? The 4R Nutment Stewardship Concept ...................

Chapter 3 Scentfic Principles Supporting — Right Source ......

Chapter 4 Scientfic Principles Supporting — Right Rate ........

Chapter 5 Scientfic Principles Supporting — Right Time.........

Chapter 6 Scientfic Principles Supporting — Right Place ...

http:/lwww.ipni.net/4r




Source Rate




The basic scientific principles of managing crop
nutrients are universal

1. Supply in plant available forms

2. Suit soil properties

3. Recognize synergisms among
elements

4. Blend compatibility

1. Appropriately assess soil
nutrient supply

2. Assess all available
indigenous nutrient sources

3. Assess plant demand

Source  Rate 4. Predict fertilizer use efficiency

. Recognize root-soil dynamics

. Manage spatial variability

. Fit needs of tillage system

. Limit potential off-field
transport

1. Assess timing of crop uptake

2. Assess dynamics of soil nutrient
supply

3. Recognize timing of weather
factors

4. Evaluate logistics of operations




Right Source

Scientific Principle:

e Ensure a balanced supply of each of the essential
nutrients in plant-available form, utilizing all available
sources.

Practices:
e Credit nutrients from manures and composts
e Credit N from previous crops

e Assess use of enhanced-efficiency sources



Right Rate

Scientific Principle:

e Assess soil nutrient supply and plant demand.
Practices:

e Soil test

e Balance crop removal

e Determine crop yield potential

e Assess price ratios



Right Time

Scientific Principle:

e Assess timing of crop uptake, soil nutrient supply, weather,

loss risks and field operation logistics.
Practices: 100

a0
e Split-application for sandy soils 80
70
60
50
40
30

e Scouting and tissue sampling

% Nitrogen Uptake

e Cover crops to capture nutrients

e Suit tillage and planting operations

10

|

Theoretical Release /
Curve /

[ 1
0 10 20 30 40 50 e0 70 80 90 100

Days After Emergence



Right Place

Scientific Principle:

e Place nutrients where they are accessible to the crop.
Practices:

e Placement near seedlings

e Within-field management zones

e Apply soil survey information

(drainage, etc.)

e |ncorporate or inject




Applying 4R principles to P loss...

* The greatest volume of runoff (from surface or tile) likely
comes from the flat, heavy clay soills.

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

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

* We need to think about viable source-rate-time-place
alternatives for this situation, in combination with
conservation tillage systems and soil stewardship that

Increases water infiltration, soil water holding capacity,
thereby minimizing runoff.
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= 20-

104

Fig. 3. Total dissolved reactive phosphorous (TDRP) concentration in
surface runoff plotted against the number of days that the runoff

L L1l Ea

Owens and Shipitalo, 2006.
Coshocton, Ohio.

Grazed pasture.

Fertilized at 80 to >200 Ib P,O./A.
Natural runoff events.
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Rotational tillage & dissolved P — Waterloo, IN

before fertilizer application

0.20 ————1 4
0.18 - (A) —e— No-Tillage ﬂi
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15-year no-till sites, corn-soybean rotation. Tillage 12 April with “finisher”
chisel plow to 6” depth. Residue cover 57% for NT and 20% for RT. Rainfall
applied 22 June to 2 July. Smith et al. 2007. Soil & Tillage Research 95:11-18



Rotational tillage & dissolved P — Waterloo, IN
one day after 0-46-0 fertilizer surface applied @ 100 Ib/A P,O.
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15-year no-till sites, corn-soybean rotation. Tillage 12 April with “finisher”
chisel plow to 6” depth. Residue cover 57% for NT and 20% for RT. Rainfall
applied 22 June to 2 July. Smith et al. 2007. Soil & Tillage Research 95:11-18



Fertilizer and crop rotation influence
dissolved P loss — Woodslee, Ontario

Surface runoff loss Tile Drainage Water

Dissolved P loss, Ib P,O/A Dissolved P, ppm

Fertilizer: Zero NPK Zero NPK
Continuous corn 0.2 0.7 0.04 0.14
Rotation 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.
e Poorly drained Brookston clay soil (similar to Hoytville soil in M, IN, OH).
*NPK includes ~60 Ib P,O./A annually.
*>50% of the total P load through tiles; one-third particulate.
*Sod has % to % the runoff and 70% of the tile discharge of continuous corn.
eSimilar DP results in tile drainage monitored 2001-2003 (TQ Zhang, 2012).
*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

6
5 tile drain DRP
im M surface runoff DRP
) 4
ol W total P*
a 3 .
2 2
—
1
0]

Fall plow Ridge-till No-till

Continuous corn; Brookston clay loam; 3-year average

No-till had 40% more surface runoff water, 20% less tile drain water than plow
*estimated from 1990 data only

Gaynor and Findlay, 1995
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Kimmel et al. 2001. J. Environ. Qual. 30:1324-1330




S — MAP or DAP

R - rotation removal
T - fall

P — broadcast

S — MAP or DAP

R - rotation removal
T —spring

P — broadcast

S - MAP or 10-34-0

R — one crop removal
T —in planter
P-2"x2" band

S — MAP or DAP

R - rotation removal
T - fall

P — banded in zone

Minimal soil compaction if weather

allows

Allows timely planting in spring
Lowest-cost fertilizer form

Low cost of application

Minimal soil compaction if weather

allows
Better N use efficiency

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

Lower risk of elevated P in runoff
Better N and P efficiency
Maintain some residue cover
Allows timely planting in spring
Less soil P stratification

Risk of elevated P in runoff in
late fall and winter

Long time to react with soil: may
reduce availability to crop

Low N and P use efficiency

Risk of elevated P in spring
runoff before incorporation

Potential to delay planting
Retailer spring delivery capacity

Air carts? Fluid tanks? S
Wheat/soybean seeders? $
Potential to delay planting
Retailer delivery capacity $
Cost of fluid versus granular $

Cost of RTK GPS to guide zones $
New equipment $

More time required than
broadcast



4R Adaptive Management for Plant Nutrition

Policy Level — Regulatory, \
Infrastructure, Product Development LOCAL SITE
FACTORS
DECISION SUPPORT based o Cli
Regional Levels> SRR e m— ¢ Im?te
oL on scientific principles Policies
Agronomic scientists,
. . v eLand tenure
Agri-service e Technologies
providers OUTPUT . :
Recommendation of right source, *Financing
/ rate, time, and place (BMPs) *Prices
L 7 *Logistics
Farm Leve|===—=p> DECISION ‘ Manafement
Producers, Accept, revise, or reject W(?lat e
Crop advisers v *Sol
*Crop demand
" ACTION ] e Potential
Change in practice losses
v *Ecosystem
EVALUATION of OUTCOME vulnerability y
Cropping System N
Sustainability Performance




ABOUT CALENDAR FUNDING PARTMERS CONTACT




4R 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 TFl booth

is @ top priority for The Fertilizer Institute (TH). Currently,
THis aducating mambers and growers about the 4Rs at
agricuttural trade shows, member company visits and other
4R speaking engagaments.

Whila TH believes that 4R messages from the fertilizer
industry will be well received, the Instituta racognizes that
engaging agricuftural producers and sharing 4R miccass
storiee from the field leval will play a critizal role in adoption
of 4R nutrient stewardship practicas.

5
implementing 4R nutrient stewardship on the farm. This.

ram provides a good opportunity for TF retail members
10 educate themsalves and their grwers on 4R nutrient
stewardship.

4R ADVOCATE NOMINEE INFORMATION

Name of agricultural Producer that is being nominated:

initiative, parmerships will be an essential component of the
4R Adwocate program. |n order to identify grower custom-
ers throughout the country who ara working with agricul-
tural retailers to utilize 4R consistent pmducts and sarvieas,
TF will need input and support from its retail members.
ANTH retail members are encouraged to complate the 4R
Advocata program nomination form. Mominations will be
acoapted from Septamber 2011-January 2012. At thattime,
TFI will turn over the applications it has received ta panel
of judges that will be rasponsible for salecting a winnarig).

The 2012 4R Adwocats winner(s) will be anncunced prior to
the 2012 Commadity Classic, which will taks place March
1-3 in Nashwille, Tenn. The 4R Advocata winnars and guasts
will receive a free frip to the Commodity Classic and will be
recognizad on the www. nufrien tstewardship.com websita,
Nominating organizations will also recaiva racognition.

OCATE PROGRAM NOMINATION

NOMINATING ORGANIZATION INFORMATION

Name of nominating agricuttural retail er:

Phona Number: E-mail Address: Phons Number: E-mail Addreas:
City: State: City: State:
Number of acres: Typa of crops produced: Instructions:

1 you s questians reganding the nomination proosss, plaass contact TF Director of Stewardship Programs Lars Mody by telsphans at (202)
515-2721 or via e-mal at ooy oeg. Completec nomintiorss should ba subited o Lars via - st moody@t. org.

Regional winner: Loyer Farms & Morral Companies

“To comglet the nomination process, plass il cut the 4R
checkliston the backof this pege. Nominating orgarizations are
elso teepersibla for cavaloping a writin cubmiscion regaring
the agrcultura prochucer that s being ncminatad, The witisn
nonination shok be 1,000 wonds of s snd must sxkdess e
ey topica which ars dsscribed on s back of ths page.


















Summary — how to reduce P loss with 4R?

e Lake Erie basin cropland P balance — OK on average.
e Lake Erie basin soil test P — some below, at & above optimum.
e 4R Nutrient Stewardship to manage the P issue:

— Source: 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.

— Place: Place P in the soil for each crop. Design conservation
tillage systems to deal with stratification.

e Practice Adaptive Management: work with partners to
validate practices in the field. Recognize successes.



Comments
Welcome

nane.ipni.net
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Putting the Agronomics All Together

Greg LaBarge
Field Specialist Agronomic Systems
Ohio State University Extension




Agriculture in Lake Erie Basin

° 4 2 M|”|On ACreS Western Lake Erie Basin Watershed

Maumee Watershed

e /2% cropland in
Western

e 4.9 Million Total
* 59.1% cropland



Overview

« Soll reactions of phosphorous

 Nutrient Movement

« Plant Uptake

e Do the tri-state recommendations still work
e Soil sampling



Three Important Soil P Fraction for Plant

Nutrition
]

Soil Solutio Labile P Nonlabile P




Nutrient Movement

Fertilizer Manure

Plant uptake
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Nutrient Movement

e Can they move?

— Yes. Largest deciding factors are soil texture and nutrient
concentration (tillage is a factor as well, obviously)
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Nutrient Movement

e Nutrient concentration causing nutrient leaching
1.5

Drainage from 50-cm undisturbed solil lysimeters

Dissolved P,
mg/L
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Mehlich-3 soil P, mg/kg



Nutrient Movement and Uptake

* Nutrient mobility and competition
= 5 T = o
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Nutrient Ugtake

« Since they are available from a relatively small volume of soll, 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 Levels

e Ohio State data — relative corn yield and STP
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Critical Levels

« Ohio State data — relative soybean yield and STP
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Fertility Rates

Figure 1

FERTILIZER RECOMMENDATION SCHEME

Fertilizer rate

USED IN THE TRI-STATE REGION

Critical level Maintenance limit

Buildup Maintenance Drawdown
range range range

Soil test level



Figure 1
FERTILIZER RECOMMENDATION SCHEME

USED IN THE TRI-STATE REGION

Cnt:ca:_ level Maintenance limit
Puljioe Mapgenance | Drawgows
H Soil test level
Crop P-Bray 1 P-Bray 1
(PPM) (Ibs/A)
Corn & Soybeans 15 30
Wheat & Alfalfa 25 50




Figure 1
FERTILIZER RECOMMENDATION SCHEME

USED IN THE TRI-STATE REGION

Cnt:ca:_ level Maintenance limit
Buildup Maintenance Drawdown
range . range range
Soil test level H
Crop P-Bray 1 P-Bray 1
(PPM) (Ibs/A)
Corn & Soybeans 30 60
Wheat & Alfalfa 40 80




Figure 1
FERTILIZER RECOMMENDATION SCHEME
USED IN THE TRI-STATE REGION

Critical level Maintenance limit

\f

Fertilizer rate

Buildup Maintenance Drawdown
range range range

Soil test level

Crop P-Bray |P-Brayl
1 (Ibs/A)
(PPM)

Corn & Soybeans 40 80

Wheat & Alfalfa 50 100




"What do you mean do not put any P on,

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,

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 |bs). Phosphorous
chemistry in the soil buffers the crop removal
so that for each 15-20 |bs of P205 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.




cCorn
-

Table 1. Fertilizer P Recommendations for Corn. (adapted from Tri-state
Fertilizer Recommendations for Corn, Soybeans, Wheat and Alfalfa)

Realistic Yield Goal (bu/acre)
Soil Test Level| 120 145 170 200 225 250 275

PPM (Ib/acre) Ibs P,Os/acre recommended
5(10) 95 105 115 125 135 145 155
10 (20) 70 80 90 100 110 120 125
15-30 (30-60) | 45 35 65 75 85 95 100
35 (70) 20 25 30 40 45 50 50

40 (80) 0 0 0 0 0 0 0



Soxbean

Table 2. Fertilizer P Recommendations for Soybean. (adapted from Tri-state
Fertilizer Recommendations for Corn, Soybeans, Wheat and Alfalfa)

Realistic Yield Goal (buw/acre)

Soil Test Level | 30 40 50 60 70 30 90
PPM (lb/acre) Ibs P>Os/acre recommended
5(10) 75 80 90 100 105 115 125
10 (20) 50 55 65 75 80 90) 100
15-30 (30-60) | 25 30 40 50 55 65 70
35 (70) 10 15 25 25 30 35 35
40 (80) 0 0 0 0 0 0 0




Wheat

Table 3. Fertilizer P Recommendations for Wheat. (adapted from Tri-state
Kertilizer Recommendations for Corn, Soybeans, Wheat and Alfalfa)

Realistic Yield Goal (bu/acre)

Soil Test Level | 50 65 30 95 110 125
PPM (Ib/acre) Ibs P>Os/acre recommended
15 (30) 80 90 100 110 120 130
20 (40) 55 65 75 835 95 105
25-40 (50-80) | 30 40 50 60 70 80
45 (90) 15 20 25 30 35 40
50 (100) 0 0 0 0 0 0




Equations
- 0000000000000

BUILDUP EQUATION

for P: Ib P,Oc/Ato apply = [(CL- STL) x5] (YP xCR)
MAINTENANCE EQUATION

for P: Ib P,Oc/Ato apply = YP x CR

DRAWDOWN EQUATION

for P: Ib P,O:/Ato apply = (YP X CR) - [(YP X CR) x (STL - CL 15))/10]

CL = critical soll 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 = soll cation exchange capacity (meq/100g)




Are Current Critical Levels Still
Valid?

-
 Northwest Research Station near Custar, Ohio

 Initial soll test levels
— P -39 ppm; K-272 ppm; CEC — 24 meq/100 g
— Critical levels — 15 ppm (P) and 135 ppm (K)

 Would you expect much response at this location?



Are Current Critical Levels Still
Valid?

- ___0_____0000000000000_]
* Phosphorus response in corn-soybean rotation



Are Current Critical Levels Still
Valid?

- __00000000__00000_]
 Phosphorus response in corn-corn-soybean rotation



Are Current Critical Levels Still
Valid?

- 0000000000000
« Western Research Station near Springfield, Ohio
e Initial soll test levels
— P —20 ppm; K—-102 ppm; CEC — 14 meq/100 g
— Critical levels — 15 ppm (P) and 110 ppm (K)

 Would you expect much response at this location?



Are Current Critical Levels Still
Valid?

- 0000000000000
* Phosphorus response in corn-soybean rotation



Are Current Critical Levels Still
Valid?

- 0000000000000
 Phosphorus response in corn-corn-soybean rotation



Are Current Critical Levels Still
Valid?

 East Badger Farm near Wooster, OH

e Initial soll test levels
— P —-17 ppm; K—-109 ppm; CEC — 11 meq/100 g
— Critical levels — 15 ppm (P) and 103 ppm (K)

 Would you expect much response at this location?



Are Current Critical Levels Still
Valid?

- 0000000000000
* Phosphorus response in corn-soybean rotation



Are Current Critical Levels Still
Valid?

- 0000000000000
 Phosphorus response in corn-corn-soybean rotation



Soll Testing

]
 Critical to making good nutrient decisions

 Need a well taken sample that represents
the sample area (yield response)

— Depth of probe
— 10-15 cores (Zones) or 5 cores (point)
o Adaptive Management

— Yield response
— Soll test movement



Seatial Variation
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Nutrient Distribution

- 0000000000000
 Mean soil test P — 18 ppm
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4R Adaptive Management for Plant Nutrition

f-b Policy Level — Regulatory, ﬁr \
Infrastructure, Product Development LOCAL SITE

- Agri-service ' \ 4 *Land tenure
providers ouTPUT * Technologies
Recommendation of right source, * Financing
rate, time, and place (BMPs) *Prices
* * Logistics
Farm LEUElq DECISION * Management
e e ] : . oo |<_| *\Weather




Nutrient Balance
-

Units
Soil Test Start ppm 112
Fertilizer Yield Removal
Year 1 Ibs/A P205 78 210 0.37
Year 2 Ibs/A P205 54 68 0.8
Year 3 Ibs/A P205 71 192 0.37
Year 4 Ibs/A P205 47 59 0.8
250
Crop Removal
Year 1 Ibs/A P205 26
Year 2 Ibs/A P205 0
Year 3 Ibs/A P205 26
Year 4 Ibs/A P205 0
52
Soil Test End ppm 88
Net Usage lbs/A P205 250
period solil test
change ppm -24

Ibs to change 1 ppm -10



Summary
]

 Manage nutrient pools to provide
adeqguate soll solution concentrations

e Immobile nutrients need to obtain critical
level of soll solution

« Tri state philosophy and recent validation

e Soll sampling

« Utilizing soil sampling and nutrient
balances



Soil Health,
Nutrient Management and
the New 590 Standard

Mark 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
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Most can be a put under the category of...

e\Water Quality Concerns

«Soil Quality Concerns




When we talk about water
quality concerns...

e Nutrients and pesticides In surface water
e Nutrients and pesticides in ground water

e Suspended sediment in surface water




So why are we seeing an
Increase in SRP?

The evidence points to...
e poor soil health and
e poor nutrient management practices




One indicator of poor soil health

Compaction

= Poor infiltration m@%‘:%cm

= High runoff

= Higher “flashiness” \k-/ :3\"/













Conventional Tillage

e Destroys soils structure

e Reduces infiltration

e Oxidizes soil organic matter
e Can cause compaction




Rotational Tillage?

Not actually a conservation practice

It is a term generally used for a producer who
—NoTill one year (soybeans into corn stalks)
—Conventional tillage or mulch tillage the next year

eDestroys the soil structure
gained with the NoTillage

eOxidizes organic matter

eReduces infiltration over
continuous NoTillage




Long Term No-Till
VS.
Rotational 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 15

%" less than 1,/8 mile apart
4




Poor Nutrient Management

Poor management of the...
e Amount
e Placement
e FOorm
e or Timing
of manure and commercial fertilizer




Poor Nutrient Management

Over the years we have seen an increase of...
v’ Fertilizer broadcast on the soil surface
v" Custom application
v Fall and winter application
v" Not incorporated

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







Proper Nutrient Management

Four R’s of Nutrient Management

Right Source

Right Time

Right Place

Right Rate




Proper Nutrient Management

Phosphorus must contact the soil to be tied up

v Injected

v' Banded

v Incorporated (if Broadcast)

v StripTill — with Controlled Traffic Farming

v Top dress on growing crop / cover crop (not dormant)

Surface application without
Incorporation causes nutrient loss
due to runoft.




Proper Nutrient Management

Phosphorus must contact the soil to be tied up

v Injected

v' Banded

v Incorporated (if Broadcast)

v StripTill — with Controlled Traffic Farming

v Top dress on growing crop / cover crop (not dormant)

This Is especially true If fertilizer Is
broadcast or frozen or snow covered
ground.




NRCS just updated the National
590 Nutrient Management standard.

Ohio NRCS will soon be updating the
State 590 Standard to reflect the new
national criteria.




NRCS just updated the National
590 Nutrient Management standard.

Ohio NRCS will soon be updating the
State 590 Standard to reflect the new
national criteria.

Will involve our partners
e ODA and ODNR both refer in ORC




Structure of a Stan

CAWN P

:“

Definition

Purposes

Criteria
General Criteria
Additional Criteria for
a specific purpose

Considerations
Plans and Specifications

Operation and Maintenance

ar

500 -1

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

NUTRIENT MANAGEMENT

CODE 590

pallution of surface and groundwater
Tesources.

#« To propery utilize manure or organic by-
products as a plant nutrient source.

* To protect air quality by reducing odors,
nifrogen emissions (ammonia, oxides of
nitrogen). and the formation of atmospheric
particulates.

+ To maintain or improve the physical.
chemical, and biological condition of soil.

CONDITIONS WHERE PRACTICE APPLIES

This practice applies to all lands where plant
nutrients and scil amendments are applied. This
standard does not apply to one-time nutrient
applicafions to establish perennial crops.

CRITERIA
General Criteria Applicable to All Purposes

A nufrient budget for nitrogen, phosphanus, and

Management Policy Implementation.

To avoid salt damage, the rate and placement of
applied nitrogen and potassium in starter
fertiizer must be consistent with land-grant
university guidelines, or industry practice
recognized by the land-grant university.

The NRCS-approved nutrient risk assessment
for nitrogen must be completed on all sites
unless the State NRCS, with the concumrence of
State water quality control authorities, has
determined specific conditions where nitrogen
leaching is not a risk to water quality, including
drinking water.

The NRCS-approved nutrient risk assessment
for phezphorys must be completed when:

# phosphorus application rate exceeds
land-grant university fertility rate
guidelines for the planned crop(s), or

# the planned area is within a
phosphorus- impaired watershed

s vy e em




National 590 Nutrient Management Standard

DEFINITION
Managing the...
sAmount (rate)
eSource
Placement (method of application)
*Timing of plant nutrients

(4-Rs)




National 590 Nutrient Management Standard

PURPOSES
*To budget, supply, and conserve nutrients for

plant production.

To minimize agricultural nonpoint source pollution
of surface and groundwater resources.

*To properly utilize manure or organic by-products
as a plant nutrient source.

To maintain or improve the physical, chemical,

and biological condition of soll.




National 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 change...

ALL nutrients (including manure) are now under the

590 standard...

Manure used to be under 633 Waste Utilization




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

Criteria:

Current soil tests are those no older than 3 years.

Considerations:
«Soil test no older than 1 year when developing new
plans.
Old standard

3 yrs for manure
5 yrs for fertilizer




National 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 Standard

CRITERIA
Criteria Applicable to All Purposes

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

university recommendations.
 The planned area is within a phosphorus- impaired

watershed.




Requiring the N and P risk assessments...

Is stricter than our current Ohio 590 standard
But Is consistent with what we currently
require with the Enhanced Nutrient

Management Plans developed

under the Ohio 590 Conservation

Systems offered through EQIP.




Because of this emphasis on the P-Risk Index...

It Is more important than ever to
re-evaluate our current Ohio P-Risk Index to

be sure it Is predictive.




Another big change...

Nutrients must not be surface-applied on:
 Frozen and or snow-covered solls
 When the top 2 inches of soil are saturated

from rainfall or snow meilt.

This includes both

manure and fertilizer.







Conservation Management Systems

Requiring a system of
practices Is not currently
part of the Ohio 590
standard but again we
have been requiring this
with the 590
Conservation System
through EQIP.




When nutrients In surface water are a problem...

Nutrient efficiency / technologies strategies
that are to be considered

1. Slow and controlled release fertilizers
Nitrification inhibitors and urease inhibitors
Enhanced efficiency fertilizers
Incorporation or injection

Timing and number of application

Soil nitrate and organic N testing
Coordination of nutrient applications with crop nutrient uptake
CSNT, PSNT, PSNT

-

Tissue testing chlorophyll meters, and spectral analysis technologies

[EEY
o

. Other land grant university recommended technologies that improve

nutrient use efficiency and minimize surface or groundwater

concerns.




Promotes Adaptive Nutrient Management

1.

“A process used to plan, implement,
evaluate, and adjust nutrient application

strategies over time (multiple seasons).

. Must follow prescribed NRCS protocols




Promotes Precision Nutrient Management

Use variable-rate nitrogen...

Use variable-rate phosphorus...

Develop site-specific yield maps...
Use the data to further diagnose low- and
high- yield areas, or zones, and make

the necessary management changes.

Again already a requirement in the 590 Conservation
System through EQIP.







What is good for the environment...
IS 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 information.

Helping People Help the Land




Agriculture...

It’'s what feeds the world.
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