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THE following summaries provide a status report of the
research projects funded in part by the Potash & Phosphate
Institute (PPI) and the Foundation for Agronomic Re-
search (FAR) in the Midwest Region (Illinois, Indiana,
Michigan, and Ohio). We would like to express our
appreciation to the researchers for their work on the
projects and their cooperation in preparing the reports. We
would also like to thank the other organizations, compa-
nies and agencies that provided additional support to these
projects. PPI/FAR research funding is usually provided to
get projects started, but their full implementation and
continuation depend on cash and in-kind contributions
from many sources.

Illinois

Multi-Regional Site-Specific
Crop Systems Research

Project Leaders: Dr. Harold F. Reetz, Jr., PPI Midwest
Director; Dr. T. Scott Murrell, PPI Northcentral Director;
Dr. C.S. Snyder, PPI Midsouth Director; and Dr. N.R.
Usherwood, PPI Southeast Director.

This series includes 17 projects in 15 states, coordi-
nated by FAR to provide better communication and
cooperation among project participants. The basic support
is from a United Soybean Board (USB) grant, which is
managed by FAR, with subcontracts to various universities
in three regions of the U.S.: Midwest, Mid-Atlantic, and
Midsouth. The Midwest region concentrates on site-
specific management. In the Mid-Atlantic, the central
focus is cropping systems. The Midsouth region concen-
trates on demonstration plots where best management
practices developed in other projects are implemented.

Individual project summaries are reported under their
respective regions. Further details of all the projects may
be found at the internet website: www.farmresearch.com.
The coordinated effort has helped attract matching funding
from several other sources. Some of the matching support
is managed through FAR and some goes directly to the
individual projects. FAR handles the communication with
sponsors, summarizing reports of the research, and some
of the outreach activities for these projects.

On-Farm Evaluation of Nitrogen
Fertilizer Requirements of Corn

Project Leader: Dr. Fred Below, University of Illinois,
1201 W. Gregory, Urbana, IL 61801 (217-333-9745),
f-below@uiuc.edu

The objectives of this research are to better understand
how various production factors influence the nitrogen (N)
needs of corn, with the overall goal of using the informa-
tion to fine-tune recommendations for fertilizer N manage-
ment. Routine production components such as tillage
practice, previous crop, pest control, and hybrid selection
can influence how much N is needed for optimal produc-
tivity; which, depending on the circumstances, can result
in either over or under-applications of fertilizer N.
Evaluating how each of these factors interacts with
fertilizer N rate to optimize productivity will provide
information to help to improve farm profitability, while
minimizing the negative environmental impacts of N
fertilizer use. The following specific questions are being
addressed: 1) What are the magnitude and nature of the
soybean N-credit in meeting the N needs of corn; 2) how
does the degree of damage to the root system from corn
rootworm larvae influence the amount of fertilizer N
needed for maximum productivity; 3) to what extent does
soil tillage influence the yield response to fertilizer N; and,
4) what is the range of potential N management practices
that are necessary to optimize yield and grain quality of
Supercede nutritionally enhanced corn?

Data collected in 2000 indicate an N-replacement value
(i.e. the soybean N credit) of up to 90 lb N/A, most of
which is related to immobilization by corn residue rather
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than to the N
2
 fixing capabilities of soybean nodules.

When N fertilizer was applied at rates commonly used for
corn production (120 to 200 lb N/A), there was no differ-
ence in grain yield among the three tillage systems (mulch,
zero and strip). However, when the N supply was limiting
(0 to 80 lb N/A), grain yield increased with increases in
tillage (mulch > strip > zero), which researchers attributed
to a tillage-induced enhancement in soil N mineralization.

Although variable according to location and the degree
of root damage, there was a tendency for rootworm larval
control to decrease the level of fertilizer N required to
maximize yield. Supercede nutritionally enhanced corn
required only 90 lb of fertilizer N/A to maximize its grain
yield, but 150 lb of N to maximize the percentage of grain
protein. Inclusion of a nitrification inhibitor increased
yield and grain protein at the lowest rates of fertilizer N,
especially when the N was applied in the fall. Rate, time,
nor inhibition of nitrification affected the concentration of
grain oil.

Evaluation of Site-Specific Precision
Farming Systems for Soybeans

Project Leader: Dr. Harold Reetz, PPI Midwest Director,
111 E. Washington Street, Monticello, IL 61856-1640
(217-762-2074, fax: 217-762-8655), hreetz@ppi-far.org

This project helps focus information from site-specific
systems projects in other states and also serves as a test
ground for ideas that may be transferred to the other states.
Major funding from the United Soybean Board (USB)
started the project and continues to be a major source of
support, but additional significant sponsorship from
industry and government sources is helping multiply the
effort. Work continued to focus on two central Illinois
farms, each with a corn and a soybean field. After the first
four years were spent determining that site-specific
management produces higher yields than field-average
management, focus shifted in the 2000 growing season to
determining whether site-specific management could
produce higher yields with higher fertility levels than
currently recommended. Plots were established with
higher plant populations and fertilizer applications of
recommended maintenance rates and three times mainte-
nance rates of phosphorus (P) and potassium (K), with the
goal of building soil test P and K to significantly higher
levels over the next two cycles of the rotation. These fields
are also being used as a base for a cooperative project with
NASA-Spectral Visions under the new Ag20/20 program,
which is evaluating remote sensing as a tool to help
monitor crop development, pest problems, and developing
stresses. Ground observations made near the time of aerial
remote sensing flights provide crop and soil data to
correlate with the imagery. It is hoped that remote sensing
data can help improve effectiveness of scouting and can

also help define management zones for various site-
specific factors. Cooperation also continues with the
University of Illinois on the Enhanced Farm Research
Analyst software package, which is designed to help
researchers and farmers collect, manage and analyze data
from on-farm site-specific studies.

Focusing Site-Specific and Remote Sensing
Technology on Improving Illinois Soybean
Yield and Profits

Project Leaders: Dr. Harold Reetz, PPI Midwest Director,
and Quentin Rund, PAQ Interactive, 111 E. Washington
Street, Monticello, IL 61856-1640 (217-762-2074, fax:
217-762-8655), hreetz@ppi-far.org

Research on two central Illinois farms is evaluating the
use of remote sensing imagery to help enhance site-
specific management of a corn-soybean system. Imagery
was supplied by the NASA-Spectral Visions Illinois staff,
under a cooperative preliminary study of the Ag 20/20
project. The fields used are being managed as a part of a
USB/FAR cooperative project. The Illinois Soybean
Program Operating Board support covers the collection of
ground truth data on crop growth, stress conditions,
selected physiological and nutrient data, and some of the
analysis of these data in conjunction with the NASA
imagery and USB databases for the fields.

This project was in its first year in 2000 and will be
continued in 2001 with cooperation of all sponsors.
Preliminary data analysis shows that the remote sensing
was useful in assessment of early growth of corn and
soybeans and early detection of the onset of disease
problems in some areas of the fields. This project is
providing an opportunity to coordinate resources from
sponsors to evaluate data from several projects into a
common database that will help build a diverse geographic
information system (GIS)-referenced system to support
management decisions. A comparison of recommended
and high rates of P and K is the basis of part of the study.
Buildup with applications of P and K at three times
maintenance on the four fields will continue in 2001.
Spectral measurements will be made at key development
stages to monitor any changes in crop reflectance, which
will be analyzed to identify any effects on crop condition
as a result of the high P and K rates. No differences were
noted in 2000, which confirms that the fields are starting
out with fairly uniform conditions.
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Indiana

Impact of Phosphorus and Potassium
Nutrition on Yield and Yield
Components of Alfalfa

Project Leader: Dr. Jeff Volenec, Purdue University,
Department of Agronomy, West Lafayette, IN 47907 (765-
494-8071), jvolenec@dept.agry.purdue.edu

This study focuses on the interaction of P and K on
alfalfa yield and stand persistence, especially the physi-
ological mechanisms by which alfalfa responds to P and K.
Established in 1997, it includes a factorial combination of
P

2
O

5
 (0, 22, 45, and 67 lb/A) and K

2
O (0, 89, 178, 267,

and 356 lb/A) applied in split applications in spring and
fall. Four forage harvests are made each year. In the three
years completed, plant populations have declined from
over 37 plants per square foot to about 14 plants per
square foot. Beginning in May 2000, a significant decline
in population was found in the plots with higher P levels,
presumably due to smaller, less competitive plants. Yields
declined with decreasing P fertilizer rates. There has been
no effect of K rate on stand persistence so far. Shoot
counts indicate that higher yields with increasing fertility
are not due to higher shoot populations.

Higher K rates increased mass per shoot in seven of the
12 harvests to date, and higher P rates increased mass per
shoot in nine of 12 harvests, indicating that mass per shoot
is the key component of yield in fertility-driven alfalfa
yield determination. Plant analysis of samples collected
from all plots from 1998, 1999 and 2000 growing seasons
is currently underway. Nutrient removal rates are exceed-
ing application rates in all but the highest rates used. So it
is anticipated that the impact of nutrient deficiencies will
continue to expand, with potential stand reductions and
reduced yield in the coming years. Well-managed alfalfa is
an important forage and cash crop to many Midwest
farmers, so better defining the nutrient needs for high
yields and quality is an important goal of this project.

Potassium Bio-Availability in Soil and
Its Acquisition by Corn and Soybean

Project Leader: Dr. Sylvie Brouder, Purdue University,
Department of Agronomy, West Lafayette, IN 47907 (765-
496-1489), sbrouder@dept.agry.purdue.edu

While 70 percent of the agricultural soils in Indiana are
K deficient, corn and soybean response to recommended
fertilizer rates is highly variable across major soil groups.
Failure in the fertilizer recommendations stems both from
inadequacies in the currently recommended soil chemical
analysis, a laboratory protocol that does not address

fundamental differences in soil chemical and physical
properties, and from substantial within-field variability
that is poorly characterized.

At five long-term field sites, alternative soil sample
collection strategies and laboratory analysis procedures are
being evaluated to optimize the accuracy and precision of
soil test information while minimizing the cost. This
research will provide farmers with information needed
when considering investment in “precision” technologies
for fertility management. Intensive soil and plant sampling
regimes are being used to construct a complete K balance
and characterize the agronomic efficiency of K fertilizer
applications. Soil nutrient absorptive strength, soil
buffering power, and soil quantity/intensity relationships
are being evaluated with depth in the soil profile for their
effect on K bioavailability to both corn and soybean. The
laboratory tests are being compared with results from a
prototype system for on-the-go sensing of soil K availabil-
ity. Recent studies have indicated that K may be important
in determining seed quality, such as increasing soybean
seed isoflavone content with increasing seed K concentra-
tion.

Preliminary data analysis from four full crop cycles
confirms that current soil tests do not adequately describe
soil critical K levels for predicting a yield response to
fertilizer K. Laboratory and statistical analyses are
characterizing exchangeable versus fixed K reserves in the
soil, the effect of fertilizer addition on soil test level, and
the relationship of soil K pools to plant total K accumula-
tion, plant yield, and quality parameters. Novel soil tests,
including a modified sodium tetraphenylboron extraction
procedure, may help to improve both soil testing and
fertility recommendation protocols and general under-
standing of soil K supplying mechanisms.

Evaluation of Site-Specific Management
for Indiana Soybean Production Systems

Project Leader: Dr. Sylvie Brouder, Purdue University,
Department of Agronomy, West Lafayette, IN 47907 (765-
496-1489), sbrouder@dept.agry.purdue.edu

The Davis Purdue Research Center in eastern Indiana is
the site of intensive evaluation of various site-specific
management technologies. Defining the spatial structure of
plant nutrient status and yield and relationship to soil
physical and chemical parameters is one objective. Soil
sampling schemes, resin-based “root simulators”, and on-
the-go sensors are being evaluated in an attempt to find
improved methods for assessing soil nutrient status. Field-
average management is being evaluated in comparison to
site-specific management with several technology tools
and practices. A final objective is to develop and dissemi-
nate educational information to help guide Indiana farmers
in the use of precision technology and decision support
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systems. Data have been collected for four growing seasons
in the corn/soybean rotation. The second cycle of soil tests
was completed in 2000. Yield monitor flow evaluation and
remote sensing components have been added to the study.
Some of the new methods of soil nutrient assessment show
promise and will be further evaluated in 2001. Several
research and Extension publications have been generated
by the outreach component, and information from this
project has provided a basis for training for Extension field
staff, farmers, and agribusiness people. Data analysis is
ongoing. The spatial structure of yield variability and plant
nutrient variability is being studied in detail.

Potassium Source and Rate Effects on
Muskmelon Yield and Fruit Quality

Project Leader: Elizabeth Maynard, NW Commercial
Horticulture Program, Purdue University North Central,
1401 S US Hwy 421, Westville, IN 46391 (219-785-5673,
fax: 219-785-5483), emaynard@purdue.edu

Three K sources, 1) potassium chloride (KCl), 2)
potassium-magnesium sulfate (K

2
SO

4
•2MgSO

4
), and 3)

KCl + magnesium sulfate (MgSO
4
) were compared as K

sources in a study to determine whether K source or rate
influences muskmelon yield and the development of
marginal leaf chlorosis and necrosis. Total marketable
yield and number were not affected by K source. Early
marketable yield and melon size were lower with
KCl+MgSO

4
 than with KCl as a K source. Melon size and

soluble solids were not affected by K rate. Petiole sap K
concentration increased linearly as K rate increased for all
sampling dates for the KCl and KCl+MgSO

4
 treatments.

For the KCl+MgSO
4
 treatments, there was no relationship

between K rate and petiole sap K concentration. There was
an increase in tissue concentrations of Cl and Mg as K rate
increased. Marginal chlorosis and necrosis of leaves were
not influenced by K source or rate, but analysis of the
leaves with marginal chlorosis did show lower K content
than that of healthy leaves. After two years of this study, it
appears that KCl+MgSO

4
 is a suitable source of K for

muskmelons, but the K may be less readily available than
with KCl. In 1999 there was no yield response to K; in
2000, marketable yield increased with increased K rate,
but early marketable yield and fruit numbers decreased as
K rate increased.

Michigan

Comparative Analysis of
Site-Specific and Conventional
Fertility Management for Soybeans
and Corn Grown in Michigan

Project Leaders: Dr. Roger Brook, Dr. Darryl Warncke,
Mr. Richard Hodupp, and Dr. Scott Swinton, Michigan
State University, Crop and Soil Science Department, East
Lansing, MI 48824 (517-355-0210).

The value and utility of precision agriculture soil
fertility management practices, systems and concepts in
the production of soybeans and corn under Michigan
growing conditions are being studied on two eastern
Michigan farms. Variable rate application (VRA) of P, K
and lime is compared with whole field application under
similar growing conditions. For the 2000 growing season,
the fields were re-sampled and additional data for the
Order 1 soil survey were collected. Variable rate and field-
average fertilizer applications were made based on the soil
tests. Preliminary results of the analysis for the 1998 and
1999 production years were prepared and presented in
April, 2000 to the farmer and agri-business cooperators
involved in the project. Results were also presented at the
International Conference on Precision Agriculture in
Minneapolis.

The first two years produced no yield gain from site-
specific management, but statistically significant added
costs, resulting in no gain in profitability. Contrary to
results elsewhere, there was no evidence of enhanced
spatial yield stability due to site-specific fertility manage-
ment. However, two years of research may be premature to
determine dynamic benefits from VRA nutrient manage-
ment. Site-specific response functions and yield goals
might also enhance the likelihood of profitable VRA in the
future. A companion activity was initiated in 1999 on 10
commercial farm fields to compare the accuracy of
different soil sampling methods [2.5 acre grid point
sampling, 2.5 acre “smart” (directed) point sampling, and
5 to 10 acre management zone] and different interpolation
methods applied to the data to make recommendations on
soil sampling. Initial analysis of the 1999 sampling data
indicated no systematic trends. Evaluation of the 1999 and
2000 sampling data is being continued. Data collection in
2001 will complete a double-set of each crop-field combi-
nation and will complete one full crop-field combination
after the application of lime, with the plan to finish this
phase of the project with an intensive field sampling after
the 2001 growing season.
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Ohio

Response of Corn and Soybeans to
Differing Soil Test Phosphorus and
Potassium Concentrations

Project Leaders: Dr. Jay W. Johnson and
Dr. Donald J. Eckert, The Ohio State University, 2021
Coffey Road, Columbus, OH 43210

Corn and soybeans were planted at South Charleston,
Ohio, in plots previously fertilized to create a 3x3 factorial
experiment with three levels of soil P and three levels of
soil K. Weather was quite favorable for crop production in
2000. Temperatures were near seasonal averages through-
out the growing season. The range of soil P concentrations
was marginal to adequate, and soil K levels deficient to
adequate for corn and soybean production on a Crosby soil.

Corn yields were good to excellent across the treat-
ments. Grain yield was not influenced by soil P level, but
did increase from the low to medium K levels at all P
levels. Soil P level did not influence the magnitude of the
response to K. Soybean yields ranged from poor to good.
As with corn, grain yield was not influenced by soil P
level, but did increase from the low to medium K levels at
all P levels. Soil P level did not influence the magnitude of
the response to K.

The data emphasize the need to maintain adequate soil
K for corn and soybean production on silt loam soils of
western Ohio and eastern Indiana. The study will be
continued in 2001, including a final sampling of the plots
to determine effects of cropping on soil P and K status.
After 2001, results of the entire study will be summarized
for publication.

Evaluating Site-Specific Soybean/Corn
Management Systems in Ohio

Project Leader: Dr. Nathan Watermeier, OSU Extension,
26 Agricultural Administration Bldg., Columbus, OH
43210-1010 (614-688-3442), watermeier.2@osu.edu

This project is focusing on the economic and environ-
mental analysis of data collected in a site-specific crop
management project and on the development of education
and outreach programs on the implementation of site-
specific management technology in Ohio. A variety of
technologies has been used with numerous cooperators and
sponsors. A multi-disciplinary team of research and
Extension staff, farmers, agribusinesses, and technology
suppliers has been assembled to make this a complete
systems project. Four fields are being used: two at
VanWert and two near Springfield, Ohio. Both locations
are the site of major field demonstrations and field days,
and the data sets developed on these fields are the basis of
an expanding educational program using Extension
meetings, Certified Crop Adviser training, publications,
and the Internet. Extension specialists, county Extension
agents, and consultants are being trained in interpretation
and application of site-specific information. Four new
Extension fact sheets have been published in this project
and used in a variety of training programs. They also are
available on the website: http://precisionag.osu.edu. The
emphasis of this project is on facilitating the process of
moving from data collection and interpretation to the
decision-making, with the idea that value of the informa-
tion can be realized only when it is used to make decisions
that influence management and profitability. The project
will continue in 2001. It is an excellent model for others to
follow as they move toward the recommendation and
implementation phase of site-specific systems. ■
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INFORMATION AGRICULTURE CONFERENCE
OFFERS PACKED PROGRAM AUG. 7-8-9

With more than 70 hours of presentations and
workshops over a three-day schedule, the 2001 edition
of the Information Agriculture Conference (InfoAg
2001) offers a comprehensive program for keeping
up-to-date with the fast changing field of site-specific
crop and soil management and modern communication
technology for agriculture. The conference will take
place at the Adam’s Mark Hotel-Airport, at Indianapo-
lis, Indiana.

InfoAg 2001 is organized by the Potash & Phosphate
Institute (PPI), Potash & Phosphate Institute of Canada
(PPIC), and the Foundation for Agronomic Research
(FAR). Program partners include CyberDealer and
CropLife magazines (Meister Publishing) handling the
CyberDealer session at the conference, and Indiana Prairie
Farmer/Prairie Farmer magazines (Farm Progress
Companies) conducting a session for farmers.

InfoAg 2001 is supported in part through a grant from
the USDA-CSREES Initiative for Future Agriculture and
Food Systems (IFAFS) program. Also cooperating as
sponsors are ESRI, Ag Retailer/Crop Decisions maga-
zines, Ag Education & Consulting (AEC), and John Deere
Ag Management Solutions. SoilTeq and Monsanto are
supporters of InfoAg 2001.

Previous Information Agriculture conferences in 1995,
1996, 1997, and 1999 were well attended and successful in
bringing together leaders and early adopters of site-specific
management practices and other technologies in precision
agriculture. As in past conferences, attendees will repre-
sent a cross section of people in agriculture and related
work, including farmers, fertilizer dealers, consultants,
Certified Crop Advisers (CCAs), farm managers, seed
trade representatives, government agency personnel,
university researchers, teachers, Extension specialists, and
international participants.

Presentations will include a broad range of topics,
including updates from machinery manufacturers, new
techniques in data analysis, current research in variable-
rate technology for nutrient application, and economic
analysis of precision agriculture practices. Additional
sessions will consider management for intensifying crop
production, on-the-go sensors, building a farm information
base, and on-farm research. Hands-on workshops will
discuss farm enterprise analysis, understanding yield
response curves, estimating harvest losses, and learning
more about data through descriptive statistics. Communi-
cations options such as wireless Internet will be discussed.
A special workshop on modeling crop nutrient systems
will be offered by AEC on Thursday afternoon, August 9,
following the regular InfoAg conference program. (An
extra $50.00 registration fee is required for this work-
shop.)

Purdue University specialists will discuss the work of
the Site-Specific Management Center during an evening
reception at the conference, with researchers explaining
current projects.

• Registration fee for InfoAg 2001 is $350 per
person if received by July 20, 2001, but it in-
creases to $450 thereafter.

• Exhibitor fees are $500 per booth, with a maxi-
mum of two spaces per company or organization.

• For hotel accommodations, individuals should
contact Adam’s Mark (Airport) at (317) 248-
2481. The conference rate for rooms is $101 per
night.

For current information and updates about the
conference, access the website at www.ppi-far.org/
infoag, call (605) 692-6280, or fax (605) 697-7149. ■


