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‒ Clean Air Act

‒ Climate change

‒ Commodity prices

‒ Conservation Tillage

o (No/Reduced till)

‒ Crop uptake

‒ Equipment size

‒ Ethanol

‒ Fertilizer placement

‒ Fertilizer rates

‒ Fertilizer source

‒ Fertilizer timing

‒ Glyphosate

‒ GMOs

‒ Increased soil pH

‒ Ignoring amounts of P loss

‒ Larger farm size

‒ Lower levels of sediment in the water

‒ Manure

‒ P Misconceptions by researchers

‒ Rental agreements

‒ Products sold to ↑ P solubility in soil

‒ Soil biology alterations

‒ Soil testing and analysis

‒ Tile drainage

‒ Zebra mussels, “near-shore shunt”

Smith et al., 2014

What is Causing the Harmful Algal 
Blooms in Lake Erie?
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Low Phosphorus Loads Per Field

DRP 

(kg P/ha)

TP 

(kg P/ha)

Maumee 0.273 1.12

Sandusky 0.311 1.41

Honey Cr. 0.369 1.29

Rock Cr. 0.250 1.38

• < 1.7 kg/ha (<1.5 lbs/acre)
• 3 to 5% of application rates



• Field to Faucet:

o N and P removal from animal manure --- Y. Li

o Ohio nutrient management mobile applications --- J. Fulton

o Geospatial Data Warehouse for Improved Agricultural Water Quality – J. Fulton 
and S. Shearer

o Detection of cyanotoxins in irrigation water sources using UAV --- J. Lee, J. 
Gregory and CK Shum

o Best strategies to reduce phosphorus loads to Lake Erie from agricultural 
watersheds --- L. Johnson

o Organic-P source tracking in Lake Erie watersheds --- P. Mouser 

• FACT-Fertilizer Applicator Certification Training (4R Program) --- Senate Bill 150

• Senate Bill 1

• USDA-ARS Edge-of-Field Work --- K. King

• WBLE Multi-Model Project --- Ensemble Model

• Education in the Field (x2)

• Nutrient Stewardship for Cleaner Water; Signature Program from OSU Extension

• Sea Grant / OSU Stone Lab grant management
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Projects to Highlight



Field Mgt. 

Apps
Data Co-opManure 

Recycling

Microcystin

Detector

Bloom 

Detection

Field to Faucet Projects

Field to Faucet

Field Tributaries Lake Treatment Plant
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OSU CFAES’s 
“Field to Faucet”



Partners for Field to Faucet:

Heidelberg

University



OHIO SEA GRANT AND STONE LABORATORY

Integrated system for N and P removal 
from animal manure (Phosphorus Recovery System)

• Series of centrifuge units and liquid 
hydrated lime (Ca(OH)2) facilitate 
coagulation/precipitation of solids

• A filter press squeezes liquids in 
one of last steps

• Filtered liquid from press has P
content <1mg/L (can irrigate)

• Separated lime solids (lime/P 

cakes) can be transported 
affordably out of distressed 

watershed and/or soil blended

http://www.quasarenergygroup.com/pages/prs.html
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Ohio Nutrient Management 
Mobile Applications

• Document field notes about 
nutrient application with 
emphasis on N and P 
management

• Different from OFBF “App”; not 
just to keep farmer 4R 
compliant but helps to use 
information learned in 4R 
training

• = Continuous improvement in 
nutrient stewardship. 
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Geospatial Data Warehouse for 
Improved Agricultural Water Quality

• Developing access protocols that enable water 
quality researchers to secure and share data

• Aggregating publicly available base layer data 
to populate warehouse

• Will expand the database to hydrologic, 
weather, agricultural production, and water 
quality and monitoring data

• Will link with parallel efforts to archive 
production level data provided by agricultural 
producers (Agricultural Data Cooperative) and 
remote sensing imagery (OhioView)

Data Co-op
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Detection of cyanotoxins in 
irrigation water sources using UAV

• Drone cameras have been acquired 
and have been integrated into UAV

• Have analyzed various optical 
images to contrast their water color 
classifications

• Water collection device has been 
tested on the ground
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Best Strategy to Reduce P loads to 
Lake Erie from Agri. Watersheds

Goal: Subwatershed-scale as proof of concept (versus mouth Maumee)

Objectives:

1. Intensively monitor and analyze subwatersheds (~90-1000 km2) 
with high export of dissolved P to (Rock Creek and Honey Creek):

o Locate sources of P

o Determine in-stream processing of P

o Help prioritize BMP implementation

2. Coordinate and update existing watershed models with the results 
from this project (component “Ensemble Models”; slides soon)
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Organic-P Source Tracking in 
Lake Erie Watersheds

• Motivation: 

o Organic-P from non-point sources and point 
sources are under-characterized in their 
respective concentrations

o Organic sources may contribute 
significantly to Lake Erie P load 

• Study Objectives: 

o Apply new analytical tools to distinguish 
sources of organic-P in Lake Erie 
watershed

o Use knowledge on organic-P sources to 
improve management decisions for P 
regulation
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FACT-Fertilizer Applicator 
Certification Training

• Ohio Department of Ag is the issuing 
authority coming from SB 150 (2014)

• Ohio State University Extension 
provides required Educational 
Sessions

• >6,500 persons have been trained in 
>100 sessions
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What is Covered 
in Training

• Current rules for certification

• Nutrient enrichment effects on water quality

• Quality in soil testing

• Phosphorus management for yield and water 
quality

• Nitrogen management

• Materials used posted at 
http://go.osu.edu/FACT2015



Question
Agree or Strongly Agree

% answering 

Farm P is a significant problem to water quality 76

I have improved my knowledge 92

I will change my Nutrient Management practices 51

Training method was appropriate 91
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Survey Results from the 
Training Tell usR

• 2074 Surveys summarized

• 20% had not attended OSUE programs in the past
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Senate Bill 1 (2015)

• Came into effect 7/3/2015
• Criteria for manure and 

granular fertilizer with P and N:
1. No frozen, snow covered 

applications
2. Top 2 inches soil saturated
3. Account for rainfall 

forecast 24 or 12 hours 
after application
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Edge-of-Field 
Methods

• 40 fields (20 paired fields) 
representative of Ohio 
crop production 
agriculture

• Surface runoff and tile 
discharge measurements 

• Using a before-after 
control impact study 
design

– 4R Research Fund

– USDA-ARS: USDA-Agriculture Research Service

– CEAP: Conservation Effects Assessment Project

– EPA: DW-12-92342501-0

– Ohio Agri-Businesses

– Ohio Corn and Wheat Growers

– CIG: 69-3A75-12-231 (OSU)

– CIG: 69-3A75-13-216 (Heidelberg University)

– MRBI: Mississippi River Basin Initiative

– The Nature Conservancy

– Becks Hybrids/Ohio State University

– Ohio Soybean Association
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Edge-of-Field 
Instrumentation

• H-flumes for surface runoff

• Thel-mar compound weirs and Isco
area velocity sensors for tile
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Data Collection and Analysis

• Precipitation and 
discharge recorded on a 
10 minute interval

• Water quality: 

o Event and daily 
samples

o Flow injection analysis 
(DRP, TP, NO3-N, and 
TN)
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So What 
About 2015?

May 11, 2015
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6/16/2015
2.2 inches

6/27/2015
4.95 inches

7/9/2015
2.76 inches

So What 
About 2015?
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How does 2015 Compare?
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Time of 
Application 

Data
• Greatest potential for 

surface and tile losses 
occurs with fall and 
winter application

• Applying P in spring or 
after wheat harvest 
seems to minimize 
surface and tile losses
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DRP concentrations in tile discharge greater in no-

tilled fields even after 5 storm events (>1 month)

Incorporated fertilizer 

substantially decreased DRP loads 

from drain discharge

Right 
Place
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WBLE Multi-Model Project
(Ensemble Model)

TP DRP
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watersheds contributing the 20% 

highest P concentrations
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Education in the Field (x1)

Validation of Ohio Nutrient recommendations

• Goal: Check of Ohio nutrient 
recommendations in todays production 
environment using small plot and on-farm 
plot results for N, P & K.

• Project Led: Dr Steve Culman, SENR

• Time Period: 2014-2018

• Product: 

o Revised Recommendations

o Guidelines for adaptive management
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Education in the Field (x2)

Alternative manure application timing

• Goal: Open up another liquid manure 
application window close to crop use to 
replace purchased N input and balanced P 
application.

• Project Led: Glen Arnold, Field Specialist

• Time Period: 2011 to present

• Product: Recommendations for in crop 
application of liquid manure
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Nutrient Stewardship 
For Cleaner Water: 

2-3 Year Goals

• Conduct cooperative field trials for BMP
• Adoption of soil testing and utilization of Tri-state

fertilizer recommendations
• Mechanism to support adaptive management 

information
• Improve crop nutrient utilization efficiencies
• Development of voluntary Nutrient Management 

Plans
• Identify fields with high nutrient loss risk and 

implement appropriate cost effective BMP’s
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54 Projects 
Total

• Ohio Sea Grant Funded Projects = 9 + 9 ($1,821,000)

• OSU CFAES, “F2F” Projects = 5 (~$1,000,000)

• Ohio Department of Higher Education I = 18 (~$2,000,000)

• Ohio Department of Higher Education II = 13 (~$2,000,000)

o 50 @ $5,728,000

o 19 @ $2,684,000

University Funded/Submitted

OSU 4 / 6

University of Toledo 4 / 5

BGSU 2 / 4

University of Cincinnati 1 / 2

Heidelberg University 1 / 1

University of Akron 1 / 1

ODHE Co-Chaired 

by OSU and UT

• http://ohioseagrant.osu.edu/research/collaborations/habs

• http://ohioseagrant.osu.edu/research/collaborations
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ODHE I and II Driven by 
Agency Priorities and 

Annex IV

• Agency Advisory Board consisted of two representatives 
from each OEPA, ODNR, ODH, and ODA

• Agency representatives on external review panel

• Extremely enjoyable, collaborative, and effective process
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Focus Areas and Priorities
• Focus Areas (ODHE I):

o Blooms: Sources and Movement

o Produce Safe Drinking Water

o Protect Public Health

o Educate and Engage

• Priority categories (ODHE II):

o Treatment Optimization 

o Cyanotoxin Toxicity Research 

o Reservoir Management 

o Bloom Dynamics 

o Analytical Methods 

o Nutrient Load Reduction Methods 

LimnoTech, U of M, University of Amsterdam, Akron 

Water Supply, U.S. Geological Survey, Charles River 

Laboratory, USDA-ARS, and University of Kentucky











• Avoiding fall and winter application of fertilizer and manure (SB1)

• No fertilizer when rain is in forecast and saturated soils (SB1)

• Eliminate broadcast application and incorporate fertilizer (i.e., subsurface 
placement; band/inject)

• Soil testing of all fields to prevent application of too much P

− Do not apply P above agronomic need (Tri-state recommendations)

− At least 30% of Ohio fields have too much P already

− Legacy fields

• Drainage water management:

− Disconnect hydrologic pathways; drain tiles vs. wetlands and blind inlets

− 40-50% of dissolved P leaving fields is going through tiles

− Treat as leaves?

• Account for manure in nutrient calculations (algae don’t care about source)

- Treat manure and commercial fertilizer the same

- The algae don’t care about P source
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What Can Agriculture Do?

The 4R Nutrient Program (SB 150):
− Right fertilizer source (i.e., manure and P free)
− Right rate (i.e., amount; Ag need)
− Right time (i.e., rain and frozen ground)
− Right place (i.e., only where needed)



OHIO SEA GRANT AND STONE LABORATORY

What Other Levers Can We Pull?

• Lawn Care Recommendations:

- Follow Scott’s lead.R.all lawn care fertilizer sellers and lawn 
care applicators meet the zero P goal

• Reduce property runoff (e.g., rain barrels, terraces, porous 
surfaces, etc.)

• Sewage Treatment Plant Recommendations:

- Reduce volume to treatment plants (“low-flow”)

- Expedite actions to eliminate CSOs

• Water Treatment Plant Recommendations:

- Ortho-P as a corrosion reduction strategy

• More closely monitor septic tanks:

- Assure that all septic tanks are working properly

Immediate Needs:
– Arm water treatment plants with tools, 

technology, and training to remove toxins
• Find surrogate for toxin

– Reduce load of P into Lake Erie by 40%
• Incorporate fertilizer
• Water management
• Soil testing (<30ppm)
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• For more information:
o Dr. Christopher Winslow
o Phone: 614-247-6684
o E-mail: winslow.33@osu.edu

• Special thanks to:
o Kevin King (Acting Research Leader w/ 

USDA-ARS)
o Greg Labarge (Field Specialist w/ OSU 

Extension)
o All PIs and Co-PIS on grants

Questions?
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• For more information:
o Dr. Christopher Winslow
o Phone: 614-247-6684
o E-mail: winslow.33@osu.edu

• Special thanks to:
o Kevin King (Acting Research Leader w/ 

USDA-ARS)
o Greg Labarge (Field Specialist w/ OSU 

Extension)
o All PIs and Co-PIS on grants

Questions?

State of the Science Webinars coming soon
(end of May thru Beginning of Sept.)


