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Research Programs in the Northcentral Region

RESEARCH is the foundation upon which best
management practices are built. The Potash & Phosphate
Ingtitute (PPI) and the Foundation for Agronomic Re-
search (FAR) provide partial or full support for research
projects conducted by universities and government
organizations that investigate all aspects of plant nutrition.
PPI member companies and FAR contributors are con-
cerned with discovering and implementing management
practices which optimize the efficiency of inputs, maxi-
mize profitability, and protect the environment. This issue
of News & Viewsis a summary of the research currently
supported by PPl and FAR. If you would like more
information on these projects, please contact us or the
project leader.

lowa
lowa Soybean Association Producer
Profitability Program

Project Leader: Mr. Dave Larson, Larson Enterprises,

P.O. Box 25, Waukee, I1A 50263 (515-987-1359).

The objective of this project is to determine which
production variables are responsible for separating top
soybean producers from other farmers.

To accomplish the objective, the researcher surveys
soybean producers in lowa. Surveys consist of detailed
guestions concerning management practices, marketing,
crop production, and input costs. The information ob-
tained is used to divide the group of respondentsinto a
high profit group and alow profit group. Participantsin
the survey receive individualized reports comparing their
production performance with those of the high and low
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profit groups, as well as the project average. Averaged
over four years, higher yields accounted for 67 percent of
the profit difference between the high and low profit
groups. Cost reductions and better marketing accounted
for 21 percent and 12 percent, respectively.

This study demonstrates that higher profits are attained
by farmers who concentrate their efforts on more manage-
able aspects of their farming operations, such as cost

reductions and higher yields.

E Farming Systems for Soybeans
(Multi-Regional Project)

Project Leader: Dr. Antonio Mallarino, lowa Sate

University, Department of Agronomy, Ames, IA 50011
(515-294-6200).

This project is a continuation of a project started in the
Midwest in 1995-1996 to evaluate the agronomic, eco-
nomic, and environmental implications of implementing
site-specific precision farming technology in soybean
management systems.

Evaluation of Site-Specific Precision

Research at this location is concerned with evaluating
the potential value of intensive grid soil sampling and
variable-rate phosphorus (P) fertilization for corn and
soybean production compared with traditional uniform P
fertilization. Last year was the first year of the study, so
data were collected to characterize the site. Soil samples
were taken from a 0 to 6 inch depth and analyzed for soil
pH and for soil test P by the Olsen and Bray P-1 methods.
Results showed that soil test P varied from low to very
high and pH from dlightly acid to calcareous. Samples are
currently being analyzed for potassium (K), organic
matter, calcium (Ca), magnesium (Mg), and P by the
Mehlich-3 method. A high-precision elevation map was
constructed using a global positioning system for both
fields. Digitized soil-type maps (soil survey, approximate
scale 1:15,000) have also been collected. Replicated field-
scale strip-plots were established at one corn field and one
soybean field that have been managed uniformly in the
past. The fields were side by side and in soils of the
Clarion-Webster soil association, the most important soil
association in lowa. Treatments applied in late November



were a non-fertilized control, a fixed P rate, and a variable
P rate. Rates were based on a very intensive (0.21-acre)
grid soil sampling scheme and current lowa State Univer-
sity recommendations for corn and soybean production.
Treatments were applied to long strips in both fields, and
replicated three times across the field.

Minnesota

Maximizing the Profitability of
Site-Specific Nutrient
Management in a
Corn-Soybean Rotation

Project Leader: Dr. Gary Malzer, University of
Minnesota, 439 Borlaug Hall, &. Paul, MN 55108 (612-
625-6728).

A field experiment was established in the fall of 1996
in southwestern Minnesota to evaluate approaches of
increasing the profitability of site-specific nitrogen (N)
and P fertilization.

The 30-acre test area had soil test P levels ranging from
very low to high, organic matter contents of 2to 9
percent, and pH values ranging from 6 to 8. Thirteen
combinations of N and P were applied as constant rate
fertilizer treatments across the field. Site-specific crop
response from corn in 1997 indicated that optimum
fertilization rate ranged from 0 to 180 Ib/A for N and O to
100 Ib/A for P,O,. Potential return to the producer for
using the best site-specific nutrient management compared
to uniform management was approximately $10/A each
for N and P. This return, which was based on crop
response, could not be obtained with existing approaches
to fertilizer recommendations in a site-specific manner.
Substantial and variable responses to residual P fertilizer
applications were measured in the following soybean crop
grown in 1998.

Increased returns of up to $20 above conventional
approaches could have been attained, but current ap-
proaches for making the correct management decisions
were inadequate. Soil test results tended to underestimate
P needs when compaction and poor drainage were present.

Evaluation of Site-Specific
Precision Farming Systems for
Soybeans (Multi-Regional
Project)

Project Leaders: Dr. G. Johnson and Dr. George Rehm,
University of Minnesota, 439 Borlaug Hall, &. Paul, MN
55108 (612-625-6210).

This project is a continuation of a project started in the
Midwest in 1995-1996 to evaluate the agronomic, eco-
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nomic, and environmental implications of implementing
site-specific precision farming technology in soybean
management systems. Research at this location is con-
cerned with evaluating three different management
strategies. 1) field-scale (uniform) management which
does not utilize site-specific information, 2) variable rate
fertilizer management based upon grid soil sampling, and
3) holistic management that integrates al information,
both spatial and temporal. This research is being con-
ducted on afield located at the Southwest Experiment
Station in Lamberton, Minnesota.

This was the first year of the study, so data were
collected to characterize the site. Soil samples were taken
from a 0 to 6 inch depth and analyzed for organic matter
content, K, and P by the Olsen and Bray P-1 methods.
Samples were taken on a 0.23 acre grid. In the field
planted to soybeans in 1998, soil tests ranged from
medium to very high in P, low to very highin K, and 3 to
10 percent in organic matter. In the field planted to corn
in 1998, soil tests ranged from low to very highin P, low
to very high in K, and 3 to 10 percent in organic matter.

Evaluation of Mid-Season
Nitrogen Fertilizer Applications
on Soybean Yield and Quality

Project Leader: Dr. Michael Schmitt, 1991 Upper Buford
Circle, &. Paul, MN 55108 (612-625-7017).

Nutrient demands of high-yielding soybean varieties
are renewing interest in the concept of in-season applica
tion of N. Recent research in Minnesota has shown that
preplant applications of hog manure have consistently
increased soybean yields. A possible explanation for this
effect is elevated soil nitrate concentrations in the root
zone at the end of August. The objective of this study isto
evaluate, both agronomically and economically, the
effects of various N fertilization programs on the yield
and quality of several soybean varieties.

The study initiated in 1997 on an irrigated sandy loam
soil (central Minnesota) and a non-irrigated silt loam soil
(southwest Minnesota) and examined the following
sources and applications of 75 Ib N/A: urea and poly-
coated urea broadcast in July and liquid urea foliar-
applied in July and August. Preliminary results indicated
that late-season, topdressed liquid N reduced yields from
stress/burn of the leaf area from fertilizer. Soil-applied
urea and poly-coated urea did not increase soybean yields
above those of the control (no N applied). In 1998 a third
site was added on a clay loam soil (southwest Minnesota).
The treatments consisted of the following sources and
applications of 75 Ib N/A: ammonium sulfate [(NH,),SO,]
and poly-coated urea broadcast in July; urea, (NH,),SO,,
and poly-coated urea either knife-injected in July or
broadcast in August.



Preliminary results indicate that neither source of N nor
application timing affected soybean yields. To date, no
fertilizer management strategy studied has reproduced the
positive effects of preplant hog manure applications on
soybean yields.

North Dakota
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Project Leader: Dr. Dave Franzen, North Dakota Sate

University, 229 Walster Hall, Box 5758, Fargo, ND 58105
(701-231-8884).

In the northern Great Plains, grid sampling is not used
by many wheat producers because of its expense. To be
profitable, responsive areas within fields [less than 30 Ib
chloride (Cl)/A 2 ft] need to be characterized by a
minimum number of soil samples.

Addressing Soil Chloride
Variability and I1ts Management

Five sites (Mandan, Valley City, Colfax, Gardner, and
Hunter) in North Dakota were selected in order to study
Cl variability. Each of these sites was sampled at small
grid spacings (0.28 acre). Soil samples composed of 5to 8
cores were taken to a 2 ft. depth. Chloride variability (Ib
Cl/A 2 ft.) at each site was as follows. Mandan (6 to 90),
Valley City (19 to 701), Colfax (9 to 733), Gardner (9 to
351), and Hunter (3 to 167). At Valley City and Mandan,
large areas within the fields tested less than 30 Ib CI/A 2
ft, classifying them as possibly responsive to Cl fertiliza-
tion. However, the mean soil Cl levels at Valley City and
Mandan were 200 and 29 Ib ClI/A 2 ft., respectively. Thus,
incomplete characterization of soil Cl variability led to
missed opportunities for increased yields and Cl fertiliza-
tion. To determine the best sampling scheme for Cl, this
study evaluated spatial characterizations of soil Cl levels
generated from topography-based sampling and grid
sampling at various densities (0.28, 1.11, 2.5, and 5 acre
grids). Data from the 0.28 acre grids were used as the
basis for mathematically constructing the other sampling
approaches. Topography was characterized by measuring
relative elevation with a laser-survey device. Results
indicate that soil Cl patterns could often be well defined
by either a 1.11 acre grid (220 ft.) or by topography
sampling. Higher Cl levels were usually associated with
depressional areas, while lower Cl levels appeared most
frequently in upland positions. Topography sampling may
be appealing to many producers because in many cases it
adequately characterized Cl variability using fewer soil
samples.

Sodium Chloride on Sugarbeet
Dg

Project Leader: Dr. Al Cattanach, North Dakota Sate
University, 218A Walster Hall, Box 5758, Fargo, ND
58105 (701-231-8596).

Research in the United Kingdom has shown that
sodium (Na) and K can partially substitute for one another
as plant nutrients; however, both Na and K are needed to
some degree by the sugar beet crop. It has been estab-
lished that Na increases leaf area early in the growing
season and improves the efficiency of leaves under
conditions of moderate water stress. Under drier growing
conditions, Na may be responsible for increased root yield
and sugar content. The detrimental effect of increased soil
Na levelsis that Na root impurities increase.

This 2-year study incorporated four rates (0, 100, 200,
and 400 Ib/A) of sodium chloride (NaCl) at Fargo, North
Dakota and at Crookston and Glyndon, Minnesota. A slow
release form of NaCl was also included at 200 Ib/A, along
with both fall and spring applications. No significant
effect of NaCl was observed on the amount of recoverable
sugar, except at one location in 1998 where reductions in
recoverable sugar per ton occurred. Sodium chloride had
no effect on root yield, Na content, nitrate grade, loss to
molasses, amino N content, or harvest population.

South Dakota

A Survey of Potassium
Deficiency in Corn

Project Leader: Dr. Howard Woodard, South Dakota
Sate University, Plant Science Department, Box 2207A,
Brookings, SD 57006 (605- 688-4774).

Potassium deficiencies in western Minnesota and
eastern South Dakota have historically been non-existent.
Within the past several years, however, reports of K
deficiencies have been surfacing. Potassium deficiencies
were thought to be most prevalent with ridge-till and no-
till systems, but there is evidence that this phenomenon
exists under conventional tillage as well.

To date, the survey shows that higher bulk density may
be a factor depressing plant uptake of K, but could be
partially masked by the ability of some corn hybrids to
utilize soil K more efficiently. Additionally, the currently
used soil test method for K, ammonium acetate extraction,
is not doing an adeguate job of predicting corn response
under certain soil conditions. Other extractants under
investigation may prove more successful. Other scientists
have observed that reduction events brought on by
excessive soil moisture can lead to an increase in the
amount of soil K that becomes fixed, depending upon the
mineralogy of the soil. In a greenhouse study it was found
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that under reducing conditions, soils from eastern South
Dakota exhibited a slight increase in plant-available K.
This result was not expected from the mineral composi-
tions of the soils. Basic research efforts are currently
underway to explain these results.

Chloride's Role in Maximizing
[] Wheat Variety Performance
(Multi-Regional Project)

Project Leader: Dr. Ron Gelderman, South Dakota Sate
University, Plant Science Department, Box 2207A,
Brookings, SD 57007 (605-688-4602).

It has been well-established that soil test levels are not
the only indicator of wheat response to Cl fertilization.
Wheat varieties respond differently. Some varieties are
responsive to fertilization while others are not. For this
reason, it is necessary to test a wide range of commonly-
used varieties to determine their responsiveness.

Chloride response in 1996 was —0.2 bu/A across all
varieties, both responsive and non-responsive. These
responses may have been affected by an unusually severe
winter and a wind storm with 60 to 80 mph winds. This
resulted in winter kill and removal of an estimated 1 to 2
inches of topsoil from wind erosion. Only one cultivar,
Vista, showed a significant 2.3 bu/A yield increase from
Cl fertilization. The 1997 season again had a harsh winter
that resulted in near complete winter kill of the wheat
crop, so no results for that year are reported. The most
recent data from 1998 are more positive, resulting in part
from a favorable growing season. Chloride response was
1.3 bu/A across al varieties, both responsive and non-
responsive. However, five cultivars...Crimson, KS2163,
Rose, Siouxland, and Windstar...responded with an
average increase of 2.6 bu/A.

Evaluation of Site-Specific
Precision Farming Systems for
Soybeans (M ulti-Regional Project)

Project Leader: Dr. David Clay, South Dakota Qate
University, Plant Science Department, Box 2207A,
Brookings, SD 57007 (605-688-5081).

This project is a continuation of a project started in the
Midwest in 1995-1996 to evaluate the agronomic, eco-
nomic, and environmental implications of implementing
site-specific precision farming technology in soybean
management systems.

During 1997-98, characterization was conducted at two
different field locations. The sites were located in the
southeast part of the state (Beresford) and the east central
part of the state (Flandreau). Research included soil
characterization by the NCRS, the development of
topography maps, collection of yield monitor information,
and electrical conductivity maps generated from a EM-38
meter. Soil samples were collected on a 1- acre grid, then
analyzed for soil nitrate N, pH, P, and K. Additional
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analyses on soil organic carbon and N, as well as particle
size, are being conducted. Two basic treatments were
imposed on this field: site-specific nutrient management
and nutrient management based on field average soil test
levels. In addition, a second set of treatments examinines
various P rates on soybean and corn yields as well as soil
properties. The rates are: P required for one crop (either
corn or soybean), P required for two crops (soybean/corn),
and P required for four crops (soybean/corn/soybean/
corn). These treatments were imposed to investigate the
economics and agronomics of a single, large P application
vs. smaller, more frequent P applications.

Wisconsin

¢ Evaluation of Variable-Rate Lime
Application for a Corn-Soybean
Rotation (Multi-Regional Project)

Project Leader: Dr. Richard Wolkowski, University of
Wisconsin, Department of Soil Science, 1525 Observatory
Dr., Madison, WI 53706 (608-262-3913).

This project is a continuation of a project started in the
Midwest in 1995-1996 to evaluate the agronomic, eco-
nomic, and environmental implications of implementing
site-specific precision farming technology in soybean
management systems.

This study compares site-specific lime applications to
lime applications based on field average pH values.
During 1998, characterization was conducted at two
different field locations (Faulkner and Post fields, located
near Clinton, Wisconsin). Elevation maps of the field
were collected. In addition, fields were grid point sampled
on a 1-acre spacing. Samples were taken to a depth of 7
inches and analyzed for pH, SMP buffer pH, organic
matter, Bray P-1, and K. Soil pH ranged from 4.9 to 6.2
and 5.0 to 7.2 in the Faulkner and Post fields, respec-
tively. Lime recommendations ranged from 1 to 11 and O
to 6 tong/A for the Faulkner and Post fields. Lime was
applied in the fall of 1998. Where lime applications were
large, only a portion of the lime was applied. Small plots
used to investigate crop and soil responses to lime
applications will be initiated and will examine zero, one-
third, two-thirds and the full recommended rate of lime.

Summary

The research presented in this publication demonstrates
the commitment that PPl member companies and FAR
contributors have for basing management decisions upon
solid research. We at PPl and FAR are pleased to be a part
of this research, and we look forward to continued
associations with researchers in universities and govern-
ment organizations. m
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