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From 1996 to 2004, we conducted cotton field
experiments at the Delta Center and on
growers’ fields to evaluate the effectiveness

of variable rate lime and fertilizer. Results
showed trends towards higher yields with vari-
able rate technology (VRT) compared to uniform
applications, but often the differences were not
dramatic or statistically significant. The most
important information that we determined was
that less fertilizer was applied with VRT in most
fields. Variable rate applications generally rely
on Veris electro conductivity technology to iden-
tify differences in soil texture. This can be help-
ful when nutrient deficiencies may be attributed
to soil type. However, VRT may not accurately
identify differences that may be man-made. In
many cases, grid sampling may be better suited
to identify man-made problems. Fertilizer deal-
ers usually charge farmers $10 to $15 per acre
for grid soil sampling and $1 to $3 per acre for
variable rate applications. Soil test results are
good for 3 to 4 years, but the variable rate charge
is an annual expense. In the past, with relatively
cheap fertilizer prices, many farmers were not
willing to pay the extra costs for variable rate ap-
plications. However, over the years, fertilizer
costs have dramatically increased, causing the
need to reevaluate the cost effectiveness of vari-
able rate technology.

The objective of this research was to evaluate
the soil test results of cotton fields on Missouri
farms that have had variable rate applications in
the past. Fields were chosen that had received
variable rate phosphorus (P) and potassium (K)
fertilizer applications for several years, as well as
fields that had been uniformly applied for com-
parison. Soils samples were taken on 0.25 acre
grids and analyzed for P and K levels at the Uni-
versity of Missouri’s Soil Testing Lab in
Portageville, MO. Soil P and K levels were evalu-
ated based on whether or not they surpassed
critical levels. Critical P and K levels were deter-
mined for each field based on cotton production
and cation exchange capacity. Different fields
were used in both years.

In 2009, many fields under variable rate appli-
cations of P and K were found to be below criti-
cal nutrient levels compared to uniformly
applied fields. The general trend found in most of
these fields was that P and K variability ap-
peared to be man-made rather than due to soil
type. Our research concurred with previous pub-
lished studies showing nutrient variability was
highest across rows and lowest within rows.
Fertility tended to be highest in rows closest to
the field entrance and decline in rows farther
away. This suggests that spreader trucks in the
past may have adjusted the gates down or the
chain drives delivered less as they had less fer-
tilizer in the trucks at the far side of the fields.
Another pattern that we found was “streaks” of

high P or K in rows surrounded by lower P and
K in rows to the right and left. This pattern may
have been caused by improper swath width
spacing and not enough overlap in the spread-
ers. Since P and K is residual in the soil, appli-
cation uniformity mistakes may have occurred
many years in the past with obsolete spreader
technology but being observed in the cotton
fields today.

In 2010, soil samples taken from fields under
variable rate P and K applications were found to
be above soil critical levels in most situations.
Only minor problems of one to eight samples per
field were recorded if there were any problems at
all. In total, cotton fields with variable rate ap-
plications averaged 0.4 % of samples low in P
and 1.0% of samples low in K. In all but one of
the uniformly applied fields, however, wide-
spread areas were found to be below critical lev-
els for P, K, or both nutrients. Uniformly applied
fields averaged 10.5% of samples low in P and
36.5% of samples low in K. As recorded in our
research in 2009, several fields showed man-
made P and K variability rather than soil type
variability. Streaks of low P and K levels were
found in both variable rate and uniformly ap-
plied fields, signifying improper application tech-
niques or spreader malfunction.

Many of the uniformly applied fields showed
widespread cases of low P and K levels. This
could be caused by either producers not apply-
ing enough P and K to cover soil deficits, or by
some natural soil causes. Soil K can be leached
due to low cation exchange capacities as well as
absorbed by particles such as illite clays, while
soil P may be lost in runoff water from the field.
Other uniformly applied fields were found to be
excessively high in P and K, signaling that too
much fertilizer had been applied over the years.
This could be avoided if these soils were sampled
on a regular basis.

Although VRT can be used to reduce fertilizer
costs, special care must be taken that applica-
tions are done according to soil analysis. Many
of the nutrient deficiencies found in these VRT
fields appeared to be man-made problems,
which can be identified easier with grid sam-
pling. However, soil sampling in such a small
grid is not economically feasible for growers.
Using VRT that utilizes Veris technology is a
suitable option when problems could be due to
soil type. When applied correctly, fields under
VRT generally corrected soil deficits of P and K,
while using less fertilizer than uniformly applied
fields. Adhering to regularly scheduled soil sam-
pling every few years is key to addressing
whether or not field problems have been cor-
rected. This is also important in uniformly ap-
plied fields, where either too much fertilizer
could be applied or nutrient deficiencies may not
properly be addressed. ∆
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