


very farmer knows that some

parts of afield yield better than

others. Variable-rate applicators

offer the opportunity to provide

just the right amount of water,
nutrients, or pesticides to every part of
thefield.

But do they help the bottom line?

“Logic says that applying water and
nutrients variably should increase prof-
its and improve environmental quality,
but there's little scientific data to prove
that,” says Dale F. Heermann. He leads
research at ARS Water Management Re-
search Unit in Fort Collins, Colorado.

Heermann and a group of about 20
other researchers are midway through a
5-year study aimed at helping farmers
decidewhether variable-rate applicators
and other precision farming techniques
can improve their crop yields.

The uniqueness of the project lies not
just inthetopic but in the approach: look-
ing at the entire field as a system. Re-
searchers are measuring more than 25
variables across the field.

“In most of my projectsduring thelast
30 years, we've set up little plots and
varied the component we were interest-
ed in, such as nitrogen or water, without
paying much attention to how the other
factors varied,” says ARS agricultural
engineer Harold R. Duke.

Duke'sexperience hasbeen thereign-
ing experimental paradigm: Assume
most variables are constant, perform
experiments on small plots, and ex-
trapolate results to alarger area without
taking into account the myriad environ-
mental factors present on the farm.

Thisprecision farming project instead
triestolook at all possible variablesthat
could affect yield—to determine which
are most significant. They also measure

Ryan Younkin, hydrologic aide (left), and
Dale Heermann, research leader, download
data about the movement of a center-pivot
irrigation system to reconstruct the amount
of water and timeit took toirrigate an area.
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how precision agriculture affects the
amounts of farming inputs needed—such
as water, nutrients, and pesticides—and
whether the environment benefits from
this intensive management. The goal is
to help farmers optimally manage all
parts of the field.

Researchers at Colorado State Uni-
versity in Fort Collins and the Colorado
Agricultural Experiment Station manage
the project with Heermann. Additional
state and federal government agencies
and six private companies also par-
ticipate in the study.

Robert Geisick and Larry Rothe—
commercial farmers near Wiggins, Col-
orado—allow scientiststo work on more
than 300 acres of their cropland for the
study. They’ve seen variability in corn
yieldsof up to 50 bushels per acre across
asingleirrigated field. Both have been
keenly interested in precision farming,
and Rothe was independently trying to
increaseyieldsby using site-specific fer-
tilizer management.

He joined the project after meeting
Heermann for lunch.

“We assumed fertility was our biggest
problem, but we didn’t know for sure,”
Rothe says. “Here was someone who
wanted to find out. It didn’t take me 10
seconds to agree.”

Right now, both farms are growing
corn under center-pivot irrigation. Sug-
ar beets or onions will enter the rotation
in coming years.

Themultidisciplinary teamislooking
at water distribution, nitrogen manage-
ment, nutrient availability, weeds, in-
sects, diseases, herbicide application, and
a variety of soil characteristics like or-
ganic matter and texture to assess their
relative impacts on yield.

Thefirst 2 years of the study, which
started in 1997, focused on collecting
baseline information based on the farm-
ers’ standard methods of operation. But
even preliminary results are already pay-
ing off.

“The scientists found that we're
overapplying water—I hadn’t even
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Cagatay Tanriverdi, CSU graduate student,

monitors soil water content with atime-
domain reflectometry probe.

thought about monitoring our irrigation,”
says Rothe. As a result of the finding,
both farmers cut back significantly on
irrigation.

One of the handicaps of precision ag-
riculture to date has been the expense of
collecting enough information across a
field to apply inputs on a site-specific
basis. This study is evaluating several
methods that promiseto reduce the cost.

For example, ARS agricultural engi-
neer Walter C. Bausch usesremote sens-
ing rather than expensive lab analyses
to assess where there is adequate ni-
trogen. “The corn crop appears very
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Agricultural engineer Gerald Buchleiter

collects electromagnetic conductivity data
to assess water and nitrogen levelsin soil.
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Engineering technician Ted
Bernard operates a high-
clearancetractor with
instruments on the boom to
collect multispectral
reflectance data for
monitoring the nitrogen
status of a corn crop.
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healthy, in part because more nitrogenis
applied than the crop requires,” says
Bausch. “That may result in nitrogen
leaching.”

Preliminary results from one area
showed that nitrogen fertilizer could be
reduced by 35 pounds per acre without
reducing grain yield.

Preliminary results
also show that electrical
conductivity of the soil
correlates well with
yield, but scientists be-
lieve this is really a
surrogate measurement
for other soil factors.
“Electrical conductivity
isrelated to several soil
properties,” saysGerald
W. Buchleiter, also an
ARS agricultural engi-
neer at Fort Callins. “Its
advantage is that it is
easy to measure on the
gointhefield. You can
measure an entire field
in severa hours, com-
pared to much longer
times and greater ex-
pense for soil coring
and laboratory analysis
of samples taken at
many points across a
field,” he says.

Now the team’s task
is to identify the rela
tionship between the
conductivity measure-
ments and factors that
affect availability of
water and nutrients.

Another area that
will benefit from this
approach is weed control. Right now,
farmers must map the weed popul ations
acrossthefieldif herbicidesareto be ap-
plied only where needed.

“Making mapsfor variable-rate appli-
cation can be expensive and time-con-
suming,” saysARS weed ecologist Lori
J. Wiles. “With this project, | can look

for correlations between the weed
population and other data collected that
may lead to faster and less expensive
waysto makeweed maps.” For example,
some soil characteristics may providea
good indicator for problem weed
locations.

Theteamisworking with Vamont In-
dustries of Valley, Nebraska, to develop
irrigation-based methods of delivering
fertilizer and herbicides at low levels,
as well as improving the uniformity of
water distribution through center pivots.

Together, the researchers hope to
create some form of decision support
system that helps farmers decide
whether precision agriculture would be
economically feasible and environ-
mentally beneficial. Researchers suspect
it may prove more useful for high-value
crops like onions, sugar beets, or pota-
toes than for corn.

Whether or not precision farming is
profitablefor corn growers, the systems
research is likely here to stay. A 1996
study by the National Research Council
emphasized the need for agricultural re-
searchers to shift away from discipline-
based studies to a systems approach.
This team has shown that such an
approach can be effective.

“1 think everyone has been surprised
at how smoothly it's gone,” saysARS
Duke. “Many scientists of different dis-
ciplines are working together very well
tofind answers.” —By Kathryn Barry
Stelljes, ARS.

Thisresearchispart of Water Quali-
ty and Management, an ARS National
Program (#201) described ontheWorld
Wide Web at http://www.nps.ars.usda.
gov/programs/nrsas.htm.

ARSscientists mentioned in thisstory
can be contacted through Dale F.
Heermann, who is in the USDA-ARS
Water Management Research Unit,
Agriculture Engineering Research
Center, Colorado State University, Ft.
Callins, CO 80523-1325; phone (970)
491-8511, fax (970) 491-8247, e-mail
heermann@wmu.aerc. colostate.edu. O
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