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EVALUATION OF SOIL NITRATE TESTS FOR
PREDICTING CORN NITROGEN
RESPONSE IN THE NORTH CENTRAL REGION

L.G. Bundy, D.T. Walters, and A.E. Olness

INTRODUCTION

Although soil nitrate (NO,) tests are widely used
in low rainfall areas of the North Central Region,
development and implementation of effective soil
NO, tests throughout the Great Plains and Midwest
could improve agronomic efficiency of nitrogen (N)
and reduce potential water quality problems
associated with N use on cropland. Consequently, a
North Central Regional Research Committee (NC-201
Nutrient Management to Sustain Productivity while
Protecting Surface and Ground Water Quality)
initiated a core experiment to provide a regional
. evaluation of soil NO; tests, Soil NO, tests have
potential for more accurately predicting com response
to applied N than yield-based or soil-specific N
recommendation procedures alone, because they can
account for plant-available N that is not included in
most N recommendation methods. Specifically,
preplant soil NO, tests measure residual or carryover
NO,-N from N use in previous years. Other sampling
approaches, such as the presidedress soil NO; test
(PSNT) can estimate the amounts of organic N that
will become available to the crop during the growing
season from sources such as soil organic matter,
manure, and legume crop residues.

One of the objectives of the NC-201 Regional
Committee was to determine the applicability of
various times and depths of soil sampling for NO;-N
testing, including the PSNT, and to develop
complementary means for predicting crop N needs
which will protect surface and ground water quality.
This regional publication on use of soil NO, tests in
the North Central Region reports the results of the
committee’s research on this subject. The goal of the
regional project was to evaluate soil NO, tests for
identifying N responsive or non-responsive sites, but
not to calibrate the soil NO; tests for making N
fertilizer recommendations.

SUMMARY OF PREVIOUS WORK AND
JUSTIFICATION

Although preplant soil NO, tests have a long
history of successful use in semi-arid regions of the
Western and Great Plains region of the United States
(Hergert, 1987), effective soil NO,-N tests are also

needed in humid regions of the USA (Bock and
Kelley, 1992). One of the most promising approaches
to NO, testing in the higher rainfall areas of the
Midwest and Eastern states is use of the presidedress
soil NO,; test (PSNT)} (Magdoff et al, 1984).
Research conducted in the humid regions of the
United States (Magdoff et al., 1984; 1990; Magdoff,
1991; Blackmer et al.,1989; Fox et al., 1989) suggests
that the PSNT is effective for predicting com
response to applied N and that the critical value for
the test (20 to 25 ppm N) is relatively uniform across
a wide geographical area (Table 1). In addition,
several recent studies in humid regions (Bundy and
Malone, 1988; Roth and Fox, 1990; Liang et al.,
1991) have confirmed earlier work showing that
residual NO, can remain in the profiles of medium- to
fine-textured soils during the overwinter pertod and
may contribute available N to subsequent crops.
Therefore, preplant soil NO, tests (PPNT) have also
been developed and implemented for use in predicting
crop N response and need for applied N in humid
regions (Bundy et al., 1992; Schmitt and Randall,
1994; Bundy and Andraski, 1995). Methods for using
soil NOj; tests to predict comn N needs have been
summarized by Bundy and Meisinger {1994), and N
recommendations based on the results of these tests
are provided in extension publications in states where
NQ, tests are used.

Research to improve N management for corn in
the North Central Region is justified by the
importance of the region in national and world com
production and by the substantial usage of fertilizer N
in the region. Most fertilizer N used in the United
States is applied to corn which receives an average of
about 128 Ib of N per acre (Daberkow and Taylor,
1993). From 1990 through 1992, about 74.1 million
acres of corn were grown and about 7.64 billion
bushels of grain were produced annually in the North
Central United States {Table 2; USDA, 1992). The
12 states in this area produced 87% of the total com
grain on 83% of the total acreage devoted to corn
production (USDA, 1992; Fig. 1). Thus, we estimate
that at least 4 million tons of N fertilizer are applied
each year at a cost of between $600 to $800 million
for corn production within the 12-state area. The



estimates exclude manure applications and N fixed by
legumes used in crop rotations; so, the estimate of 128
1b N applied per acre of comn is a conservative value.
Other sources (Keeney and Follett, 1991) provide
somewhat higher estimates of N use in the North
Central Region (6.0 million tons of N). The trend in
N fertilizer use for comn production has been one of
increasing intensity since about 1945. The
corresponding trend in grain yield in the North
Central Region has been also increasing by about
1.1% per year over the last 20 yr (USDA, 1974 and
1992; Table 2).

MATERIALS AND METHODS

Corn yield and soil NO,-N data were collected
from 307 sites across the North Central Region over
a 5-yr period from 1988-92 (Fig. 1). Numerical
values in Fig. 1 indicate the number of site-years of
data collected at the same general geographic
location, but experiments were never located on the
same plots for more than 1 yr. The complete database
for the project is shown in Appendix Table 1. Sites
included a variety of soil and climatic characteristics
and previous cropping and manure management
practices (Table 3). Variables associated with the
research sites as well as parameters such as time and

depth of sampling were evaluated with respect to their
effect on the prediction of corn response to N fertil-
izer application. A commeon research protocol describ-
ed below was used by all cooperators in the regional
project.

Treatment Specifications

An adapted com hybrid was grown using
recommended production practices except for N
fertilization. Treatments included a no-N check plot
and a “non-N limiting” treatment to assur¢ an
adequate N supply for the crop. The non-N limiting
treatment was based on N response functions
determined at the site or local university N
recommendations. The check and non-N limiting
treatments were replicated at least four times. Where
starter fertilizer N or manure was applied, the same
amount of N from these sources was applied to both
the check and non-N limiting treatments. Starter
fertilizer N additions were limited to 15 Ib N/acre.
Sites were selected to minimize the effects of
previous site management by using only those
locations where both the check and non-N limiting
plots received the same N management for at feast 1
yr before use in this study.

Low PViin RR Reference

—ﬁ

- Sims et al. (1995)

-- Blackmer et al.
(1989)

Yes Meisinger et al.
(1992)

Yes Klausner et al. (1993)

- Magdoffet al. (1990)

Yes Fox et al. (1989)

Va

Table 1. Summary of PSNT calibration studies and test performance in the USA.
Location Critical value % correctt

Delaware 17 70

Towa 20-25 -

Maryland 22 -

New York 21 84

Northeast USA 18 -

Pennsylvania 21 89

Wisconsin 21 73

- Bundy and Andraski
(1995)

1 Correct identification of N responsive sites (%).

1 Locations reporting low predictive value (PV) in the PSNT responsive range (RR).

1
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Soil Sampling and Analysis

Spring preplant soil samples were taken in 1-ft
depth increments to a depth of 2 ft from the check
treatment. Each soil sample consisted of a composite
of at least eight cores per plot. Presidedress soil
samples were taken from the same plots using
identical procedures when corn plants were about 1 ft
tall, measured to the top of the crop canopy. Samples
were rapidly air-dried or frozen before analysis to
avoid changes in inorganic N content. Nitrate-N and
exchangeable ammonium-N (optional) in the samples
were determined using accepted analytical procedures
(Keeney and Nelson, 1982). Routine soil tests for
extractable K, available P (Bray and Kurtz-1), water
pH, and soil organic matter content were performed
on surface soit samples (0 to 6- to 0- to 8-inch depth)
from each site (Dahnke, 1988).

Site Characteristics

A 3-yr site history including previous crops, rate
and source of applied N, N application method during
the previous year, manure application rate, method of
incorporation, and estimated available N content, and
tillage method and timing was compiled for each site.
Soil characteristics including series name, surface
texture, drainage class and use of tile drainage, parent
material, topographic position, limitations to root
growth or water movement within 6 ft of the surface,
depth to water table, routine soil tests and soil organic
matter or organic C content were recorded. Weekly
total precipitation was measured during the period
between preplant and preside-dress soil sample
&ollection, and daily minimum and maximum
temperatures were obtained from the nearest weather
station.

Plant Data

Planting date, plant density, and com hybrid were
recorded for each location. Grain yields were
determined in at least four replications of the check
{no N) and non-N limiting treatments by harvesting a
minimum of 20 ft of row from each plot. Grain
moisture at harvest was determined, and yields were
reported at 15.5% moisture.

Relative Yield Calculation

Relative yield (RY) in the control treatrnent at
each site was calculated by dividing the mean check
plot yield by the mean yield obtained in the non-N
limiting treatment and expressing the result as a
percent of the non-N limiting treatment yield.
Therefore, a high RY indicates little or no response to
N, while a low RY reflects a N responsive site.

Data Analysis

Data from all cooperators were compiled and
summarized for each year. The relationships between
relative yield and soil NO;-N content were determ ined
with Proc NLIN techniques (SAS Institute Inc., 1985)
using the linear-response plateau (LRP) and
quadratic-response plateau (QRP) models. These
segmented model techniques allowed an estimate of
the critical soit NO; level (CSNL) for different
sampling times, sampling depths and previous
management. The CSNL represents the concentration
of s0il NO;-N above which no crop yield response to
additional N is expected. The adequacy of the LRP or
QRP model fit was assessed by calculating the R? and
testing normality of residuals using the Shapiro-Wilk
test (DeLong and Yuan, 1988).

Table 2. Three-year average com production in the Neorth Central United States. T .

% of USA
Year Total acreage} Grain production Average yield§  Acreage Production
million acres billion bushels bushels/acre
1971 to 709 5.62 110 30 87
1973
1990 to 741 7.64 134 83 87
1992

t Source: USDA Agricultural Statistics (1974 and 1993).

1 Including com grown for silage.
§ Excluding comn grown for silage.
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Soil Test Failure Rate

Criteria for selecting statistical models used to
derive the CSNL are not clearly defined and rarely
provide a means of evaluating the relative impact of
the chosen CSNL on the environment or farm
economics (Cerrato and Blackmer, 1990; Sander et
al.,, 1994). Frequently, the superiority of one response
model could not be established using R? values or the
results of the Shapiro-Wilk test. A separate approach,
the soil NO, test failure rate, was developed to
evaluate the effects of sampling time, sampling depth,
and the appropriateness of CSNL determined by the
LRP and QRP models. In this approach, each site
was classified as either responsive or nonresponsive
based on RY levels in the unfertilized treatment. If
RY was greater than 90%, the site was considered
nonresponsive. Choosing a RY closer to 100%
generally lowered the failure rate but reduced the
discriminating power of this statistic. For example, a
higher RY value would result in more sites being
identified as responsive, thus more sites would
receive a recommendation for N fertilization. A soil
NO, testing strategy was considered a failure if: (i)
the soil NO, test > CSNL and RY < 90% (i.e., the test
predicted a non-N-responsive site, but the site actually
responded to N fertilization}, 2 TYPE A failure; or (ii}
the soil NO; test < CSNL and RY > 90% (i.e., the test
predicted a N-responsive site, but the site did not
respond to N fertilization), a TYPE B failure.

Assessing the failure rate of each soil NO; testing
approach evaluated provided a practical tool for
selecting the most useful soil NO,; sampling
strategies. TYPE A failures represent an economic
loss to producers caused by reduced yields, while a
TYPE B failure results in economic loss from excess
fertilizer application and increases the risk of
groundwater and surface water contamination with
NO;. The failure rate statistic allowed evaluation of
soil NO, test performance in specific crop and soil
management situations.

CHARACTERIZATION OF THE REGION
AND DATABASE
Climatic Characterization of the Region

The 12 states in the North Central Region
represent a broad range of climatic conditions that
affect crop production and the behavior and
management of N. Normal annual total precipitation
ranges from more than 44 inches in the southeastern
part of the region to less than 16 inches on the
western border of the region (NOAA, 1983).
Consequently, average annual potential percolation
below the root zone in well-drained soils planted to
corn (Stewart et al., 1975) ranges from 7 inches in the

eastern part of the region to 1 inch in the western
(Great Plains) portion of the region. Normal daily
average temperatures in July range from less than
65°F in the extreme northern part of the region to
more than 82°F in south central Kansas. Similarly,
normal daily average temperatures in January range
from less than 5°F in northern North Dakota and
Minnesota to about 35°F along the southem border of
the region (NOAA, 1983).

Characterization of the Database

Locations and data for the individual research
sites in the region that comprised the database used in
this stucly are shown in Fig. 1 and Appendix Table 1.
Characteristics of the experimental sites are
summarized in Fig. 2, which shows the frequency of
soil test values for extractable K, available P (Bray
and Kurtz-1), water pH, and soil organic matter
content. Frequencies of surface soil texture and
drainage classes as well as tillage and manure history
are also illustrated in Fig. 2. The parameters in Fig. 2
were provided for most sites, but data from a few sites
were incomplete with regard to one or more of the
characteristics shown in Fig. 2.

Distributions of soil test P and K values were
strongly skewed toward values approximating those
usually considered optimum for comn production.
Cooperators were encouraged to use sites with
adequate soil P and K levels for comn, and this criteria
was usually met. Median values for soil test K and P
were about 195 and 42 ppm, respectively, while the
corresponding average values for these tests were
about 238 and 51 ppm. The soil test P distribution
excludes 10 values obtained using the sodium
bicarbonate extraction test (Olsen) on sites with pH
values of at least 7.5 in North Dakota and Minnesota.
The interpretation of these tests usually indicated a
low relative P availability.

Most experimental sites had medium-textured
surface soils in the loam or silt loam textural classes
(Fig. 2). Since most of the corn acreage in the region
is located on medium-textured soils, the textural
makeup of the database is typical of the production
situation. The data-base also includes a substantial
number of sites on coarse-textured soils (sands, loamy
sands, and sandy loams) and on fine-textured soils
(clay loams, silty clay loams, and clays).

Drainage characteristics of the experimental sites
were separated into five classes, ranging from
excessively to poorly drained. Only seven sites on
coarse-textured soils in Minnesotz and Kansas were
classified as excessively drained. The distribution of
the remaining sites among the drainage classes
indicates that most were located on well-drained to
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moderately well-drained soils which is a reasonable
approximation of the drainage characteristics of land
used for corn production in the 12-state region.

Five tillage systems were used at the experi-
mental sites (Fig. 2). Chisel plowing, moldboard
plowing, and disking were the predominant tiilage
methods. Disking was often the primary tillage where
comn followed soybean (about 2/3 of the disking
observations). No-till corn was grown on 50 sites
with 26 of these having silt- or silt loam-textured
soils, and 10 additional sites were following soybean.
No-till production on medium-textured soils or where
the previous crop was soybean is considered more
likely to be successful than on sites with fine-textured
soils with large amounts of residue.

Manure was applied in the study year or within
the previous 2 yr at 54 sites (Fig, 2). Of the sites with
manure histories, 29 received manure in the study
year and nine of these sites also had histories of
manure additions during the previous 2 yr. Other
sites had histories of manure additions only during the
2 yr preceding the study year.

RESULTS AND DISCUSSION

Of the 307 sites included in the database, 56%
had relative yield (RY) values < 90%, and were con-
sidered responsive to N fertilization. The frequency
of N responsive sites varied with previous crop and
manure application history (Tables 4 and 5). Where

corn was the previous crop, 59% of the sites had RY
values < 90%, while sites with a previous soybean or
small grain crop were 67 and 71% N responsive,
respectively. None of the sites having a previous crop
of alfalfa responded to N fertilization. The N respon-
siveness of sites usually increased with time since the
most recent manure application (Table 5).

Regression equations using LRP and QRP
models and the corresponding CSNL for preplant and
presidedress soil NO, tests are shown in Table 3 for
the previous crop categories included in the core
experiment database. Most of the studies were done
where the previous crop was corn, alfalfa, or soybean
with a smaller number of locations following small
grains.

Model Selection and CSNL Determination

Table 6 lists a comparison of test statistics and
failure rates for the LRP and QRP models applied to
all observations. The relationships between CSNL
and TYPE A and TYPE B failures for the LRP model
are illustrated in Fig. 3 for the PPNT and PSNT at
two sampling depths. Soil NO5-N critical levels were
approximately 7 ppm lower for the LRP model.

However, R? and Shapiro-Wilk statistics did not
provide sufficient criteria for choosing an overall
critical level of all observations. Total failure rate
was 3 to almost 8% lower for the LRP model, which
resulted primarily from a reduction in TYPE B
failures. Choosing the lower CSNL associated with
the LRP would result in less risk of environmental
contamination from excess NO;-N; however, it would

Table 4. Effect of previous crop on the frequency of N-responsive sites with < 90% relative yield in the control

treatment, 1988-1562,

Relative yjeld

Previous crop < 90% >90% % Responsive sites
------ no. of observations ------
Com 88 61 59
Soybean 58 28 67
Small grains 17 7 71
Alfalfa 0 28 0
Other 7 7 50
Total 170 131 _ 56

Table 5.  Effect of manure history on the percentage of sites with s90% relative yield (RY) in the control
treatment for all observations and where grevious crop was com, 1988-1992.
Previous crop,
Manure history Com _ All observations
UL 7 7o T 7L ——

No manure for at least 3 yr 69 62
Applied 2 yr prior to study year 40 50
Applied 1 yr prior to study year 36 gl

1

Applied study year 26
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also result in a modest increase in TYPE A failures.
This is also reflected in a lower probability of
non-responsive sites above the LRP modet CSNL.
The CSNL values associated with the LRP and
QRP models for the PSNT sampling time (Table 6)
are similar to the range of CSNL values reported by
others (Table 1). Based on the lower overall failure
rate with the LRP CSNL, the LRP model was
selected for all subsequent evaluations of NO, test
performance.

Effect of Sample Depth

Increasing sampling depth from 1 to 2 ft did
not improve the fit of either the LRP or QRP
model, but the CSNL values were lower at the 2-ft
depth (Table 6). This finding is consistent with
results from other studies showing lower critical
soil NO,-N concentrations when sampling depth
was increased from 1 to 2 ft (Binford et al., 1992;
Bundy and Andraski, 1995). Increasing sampling
depth from 1 to 2 ft resulted in a slight increase in
TYPE A failures with an increase from 3 to 20 sites
for preplant sampling (PPNT) and from 7 to 11
sites for presidedress sampling (PSNT). In
contrast, TYPE B failures were substantially
reduced with the 2-ft sampling depth. The
reduction in failure rate associated with deeper
sampling depth resulted from the detection of sites
with appreciable accumulation of NO;-N in the
second foot. Sites exhibiting TYPE B failures at the
\-ft sample depth, which were successfully
predicted as non-responsive with a 2-ft sample
depth (76 sites for PPNT and 43 sites for PSNT),
had a soil NO,-N concentration in the 1- to 2-ft
depth, which averaged 12 and 14 ppm NO,-N for
PPNT and PSNT sampling times, respectively. Soil
NO;-N in the 1- to 2-ft depth is a readily available
source of N for the corn plant. Previous studies of
sampling depth effects on PSNT performance have
shown little or no advantage to sampling the 1- to
2-ft depth (Binford et al, 1992; Bundy and
Andraski, 1995; Sims et al., 1995). However, these
evaluations of performance were based on sampling
depth effects on the R? value of statistical models
rather than on a test failure rate statistic. For the
PSNT, overall failure rates were generally lower for
medium-textured soils than for fine- or coarse-
textured soils (Table 7).

Preplant sampling to 2 ft on soils with organic
‘matter < 2%, on fine-textured soils, and on soils
with pH levels > 7.0, however, resulted in an
increase in total failure rate (Table 7). For the low
organic matter soils, average soil NO,-N
concentrations were lower, and there was little
change in NO;-N in the second-foot increment from
PPNT to PSNT (Table 8). This indicates a low
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potential for mineralization of N as the season
progressed and low capacity for immobilization and
remineralization of residual mineral N. Where pH
was > 7.0, soil NO;-N in the second foot decreased
between PPNT and PSNT sampling times soils
(Table 11), and the second-foot NO;-N change
between sampling times was small on fine-textured
soils (Table 12). These observations also suggest
that second-foot NO,-N was not a major source of
N in these two soil categories.

Effect of Sampling Time

With the exception of sites with soybean or
small grain as a previous crop {Table 9) and coarse-
textured soils (Table 7), the risk of failure in
predicting an N response was reduced by sampling
later (PSNT timing) in the growing season. When
com was the previous crop, the 2-ft PSNT reduced
the overall failure rate to one-half that realized with
a 1-ft PPNT sampling (Table 9). Preplant (PPNT)
sampling when alfalfa was the previous crop
resulted in a > 75% failure rate, all of which were
TYPE B. This finding is consistent with other
work showing that preplant soil NO; values in corn
following alfalfa were low due to inadequate time
for organic N mineralization and that preplant tests
were of limited value in separating N responsive
and nonresponsive sites (Bundy and Andraski,
1993). None of the corn following alfalfa sites
responded to N, and no individual CSNL was
derived for the alfalfa data subset; however, TYPE
B failures were reduced to < 40% of sites by
delaying sampling until PSNT and using the overall
CSNL. Predictions of N response for second-year
com after alfalfa were also reduced to a 17% failure
rate with a 2-ft PSNT sample (Table 9). Use of the
PSNT to determine corn N needs following alfalfa
has been investigated in several studies (El-Hout
and Blackmer, 1990; Roth et al., 1992, Bundy and
Andraski, 1993; Morris et al., 1993). These studies
showed that corn following alfalfa usually did not
respond to N fertilization, and that yields were
maximized by low rates (30 to 50 b N/acre) when
response occurred. Roth et al. (1992) and Bundy
and Andraski (1993) reported that about 50% of the
sites studied had PSNT (0 to 1 ft) results <21 ppm
NO,-N. Morris et al. (1993) concluded that the
PSNT for comn after alfalfa was most effective
when used with a critical value of 14 ppm NO;-N.

The change in soit NO,-N concentration
between PPNT and PSNT sampling times averaged
+13.2 and +9.4 ppm for the 0- to 1- and 0- to 2-ft
depths, respectively, for first-year comn following
alfalfa (Table 10). It is apparent that substantial net
N mineralization occurs after com planting in soils



Table 7. Percent of sites where soil NO;-N test failed to predict N response as influenced by soil properties, and sampling time and
depth, 1988-1992. _
Failed soil test + _
Soeil Time of soil Overall £ CSNL Scil _specific § CSNL
property sampling Depth n TOTAL TYPE A TYPEB _ TOTAL TYPE A TYPEB
ft % of sites -
Soil pH
<6.0 PPNT 0-1 26  CSNL beyond range of data 231 0 23.1
0-2 26 231 0 231 154 0 15.4
PSNT 0-1 26 346 0 346 26.9 77 19.2
0-2 15  CSNL beyond range of data - Model failed to fit ~-----oen---
6.0-65 PPNT 0-1 87 276 0 276 26.4 0 264
0-2 86 197 2.3 174 19.7 2.3 17.4
PSNT 0-1 87 218 1.2 20.6 19.5 23 172
0-2 58 172 25 13.3 15.5 52 10.3
66-7.0 PPNT 0-1 70 500 0 50.0 414 29 385
0-2 70 371 29 343 371 29 343
PSNT 0-1 70 386 14 37.2 414 0 414
0-2 58 350 5.2 29.3 379 0 379
>7.0 PPNT 0-1 40 275 0 275 325 0 32.5
0-2 40 350 20.0 15.0 25.0 25 22.5
PSNT 0-1 40 300 1.5 225 22.5 15.0 1.5
0-2 34 235 88 14,7 235 11.8 11.8
Soil Organic Matter
<2% PPNT 0-1 26 231 0 23.1 23.1 0 23.1
0-2 26 346 19.2 154 30.8 19.2 11,6
PSNT 0-1 22 318 0 318 277 0 273
0-2 26 269 0 269 26.9 0 269
2-4% PPNT 0-1 134 410 22 38.8 388 2.2 36.6
0-2 134 313 6.7 24.6 36.6 4.5 321
PSNT - 0-1 135 267 44 222 259 37 22.2
0-2 124 242 73 16.9 26.6 7.3 19.4
>4% PPNT 0-1 47 426 0 42.6 53.2 0 532
0-2 47 319 6.4 25.5 46.8 0 46.8
PSNT 0-1 50 300 0 300 28.0 6.0 22.0
0-2 41 220 0 220 19.5 0 19.5
il Textur
Coarse PPNT 0-1 49 347 0 347 32.7 0 327
0-2 49 286 82 204 306 4.1 26.5
PSNT 0-1 45 333 0 333 17.8 0 17.8
0-2 46 304 0 304 109 44 6.5
Medium PPNT 0-1 174 385 1.2 374 374 1.2 36.2
0-2 174 282 52 23.0 282 52 230
PSNT 0-1 185 238 27 29.6 276 1.1 26.5
0-2 139 201 6.5 13.7 237 22 21.5
Fine PPNT 0-1 66 318 1.5 303 318 1 5 303
0-2 66 333 10.6 227 318 0 31.8
PSNT 0-1 68 338 29 309 29.4 44 25.0
0-2 54 222 3.7 18.5 204 74 13.0

1 TYPE A failure = Soil NO,-N > CSNL and RY < 90%; TYPE B failure = Soil NO;-N < CSNL and RY > 90%.

$ CSNL derived from fitting linear-response plateau model to all observations.

§ CSNL derived from fitting linear-response plateau model to specific data subsets based on soil properties.
q Coarse includes LS, SL, FSL, CS; Medium includes L, Si, SiL, SCL; Fine includes C, CL, SiCL.
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Table 9. Percent of sites where soil NO3-N test failed to predict N response, 1988-1992.

Previous crop or
cropping system

All observations

Com (with and
without manure)

Comn {without
manure in study
year)

Continuous com
(no manure for
3+ years)

Second-year com
following alfalfa

Soybean

Smal! grain

Alfalfa

All sites w/manure

in study year

Time of soit
sampling

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

PPNT

PSNT

Depth

fi

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1

0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

0-1
0-2
0-1
0-2

n

292
292
301
239

146
145
144
132

127
126
125
115

74
73
72
67

23
23
23
23

80
80
86
56

25
25
25
13

27
27
28
26

28
28
29
24

Failed soil test T
Overall £ _CSNL __ Crop specific § CSNL
TOTAL TYPE A TYPE B TOTAL TYPE A TYPEB
% of sites

36.3 1.0 353 na

29.5 6.8 22.6 na

27.6 23 252 na

226 4.6 18.0 na

31.5 2.1 29.5 33.6 2.1 31.5
25.5 10.3 15.2 30.3 21 283
24.8 3.2 21.6 23.6 2.1 21.5
159 4.6 11.4 212 30 18.2
28.4 1.6 26.8 29.9 1.6 28.4
254 11.1 14.3 278 1.6 26.2
248 32 21.6 232 1.6 224
14.7 3.5 11.3 209 1.7 19.2
24.3 2.7 21.6 27.0 29 243
20.6 9.6 11.0 19.2 2.7 16.4
19.4 2.8 16.6 194 1.4 18.1
10.5 4.5 5.6 10.4 4.4 6.0
348 0 34.8 39.1 0 39.1
21.9 8.7 13.0 34.8 0 34.8
348 8.7 26.1 304 4.3 26.1
17.4 44 13.0 304 0 304
338 0 33.8 eeeeeeam Model failed to fit -=e-----
30.1 6.3 238 - Mode! failed to fit -=---- -
314 12 30.2 314 1.2 30.2
304 7.1 232 eenee—- Model failed to fit ~-==----
24.0 0 24,0 28.0 0 28.0
12.0 0 12.0 28.0 0 28.0
28.0 4.0 24.0 24,0 4.0 200
30.8 77 23.1 23.1 0 23.1
92.6 0 92.6 ———e- Model failed to fit ---—--
71.8 0 718 ——— Model failed to fit ~-eeaee
393 0 393 ——eeee Model failed to fit ----—ee
384 0 384 ——----- Model failed to fit

46.4 36 42.9 17.9 36 14.3
17.9 36 14.3 28.6 36 250
275 3.5 241 276 3.5 241
25.0 8.3 16.7 333 0 333

t TYPE A failure = Soil NO4-N > CSNL and RY £ 90%; TYPE B failure = Soil NO;-N < CSNL and RY > 90%.
1 CSNL derived from fitting lincar-response plateau mode! to all observations.
§ CSNL derived from fitting linear-response plateau model to specific crop or cropping system observations.
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where alfalfa was the previous crop. Where com
followed soybean, the change in soil NO;-N con-
centration between sampling times was not nearly
as large as following alfalfa, and failure rate was
not substantially reduced by delaying soil sampling
until PSNT (Tables 9 and 10). Apparently, the
influence of a previous soybean crop on soil NO;-N
concentration is reflected at the preplant soil
sampling time.

Overall CSNL vs, Previous Crop/Soeil Specific
CSNL

The CSNL generated from fitting the entire
data set (all observations at the 0- to 1-ft sampling
depth in Table 3) to the LRP or QRP models ranged
from 16.9 to 24.0 ppm NO;-N, which are very
similar to the CSNL values published by others for
the PSNT (Table 1). The NC-201 database was
divided into smaller groups of site data based upon
common previous crop, manure addition or soil pH,
organic matter, and texture. Critical soil NO;-N
levels for each of these data subsets were generated
from fitting the LRP and QRP models (Table 3). In
general, selecting previous crop or soil specific
CSNL values did not result in a reduction of failure
rate compared to using the CSNL based on the
entire dataset (Table 9). In several cases, model fit
was improved by subsetting the data; however, this
did not always result in a reduction in failure rate.
Using the soil-specific data for coarse-textured
soils, the model fit was improved and the failure
rate reduced for the PSNT sampling time with
either the 1- or 2-ft sample depth (Table 7). Overall
failure rate was increased using a crop-specific
CSNL, but with an overall reduction in TYPE A
failure rate (Table 9).

Change in Soil NO,-N Concentration Between
Sampling Times '

The average change in soil NO, concentration
([NO;-N}) from PPNT to PSNT sampling times
was usually positive regardless of previous crop or
soil property (Tables 8 and 10 to 13). On average,
about 75% of sites exhibited an increase in
[NO;-N] from PPNT to PSNT (Table 13). An
exception to this statistic were those sites following
alfalfa where nearly 100% were positive, and those
sites with yield level exceeding 200 bu/acre com
yield. Average soil [NO;-N] at the 1-ft depth
ranged from a high of 24.6 ppm (manured sites,
PSNT) to a low of 6.3 ppm (previous crop soybean,
PPNT) (Table 10). Given the lack of com N
response when alfalfa was the previous crop, it is
interesting to note that PPNT soil [NQO,-N] were
very low, but a large increase in soil [NO;-N]
occurred by the PSNT sampling time. The change
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in soil [NO,-N] at either the 1- or 2-ft depth ranked
on the basis of previous crop or cropping system
was alfalfa >> manured > second-year corn after
alfalfa > com > soybean > small grain. The change
in soil [NO;-N] from PPNT to PSNT was lowest
for soils with organic matter < 2%, coarse and fine
texture, or a pH <6.0 (Tables 8, 11, 12). This is
consistent with our knowledge of factors affecting
a soil’s potential for mineralization (pH, organic
matter), storage (immobilization) of N (organic
matter and texture), denitrification of NO;-N (fine
texture), and leaching of NO;-N (coarse texture).

Effect of Year
Although the reduction in soil test failure rate
was consistent for greater sampling depth and later

sampling time across the 5 yr of data collection, the

relative magnitude of failure rate was not
consistent among years (Table 14). Failure rates in
1991 were highest, averaging 37.2% and in 1992
were lowest, averaging 15.2%. TYPE A failure
rates were highest in 1989 and Type B failure rates
highest in 1991. Of the sites with >200 bu/acre
yield level, 60% were in 1992, the year with the
lowest failure rate (Table 15). Of the sites with
<100 bw/acre yield level, 52% were in 1991, the
year with the highest total failure rate. These
statistics indicate the vulnerability of soil NO3-N
sampling strategies to annual climatic variation as
this effects the potential for NO;-N losses, soil N
mineralization, and crop N demand. The results
also suggest that soil NO,-N test performance was
best in high-yielding years when climatic factors
favored NO;-N retention in the corn root zone and
efficient N utilization by the crop. This finding is
similar to results indicating better soil NO;-N test
performance on high-yield potential soils than on
medium- or low-yield potential soils (Bundy and
Andraski, 1995). High crop N demand in good
years may also make residual soil NO;-N a more
important source of N for com.

CONCLUSIONS

1. Neither the R’ nor the Shapiro-Wilk test
provided clear statistical criteria for selecting
a CSNL derived from the LRP or QRP models.
Calculation of a failure rate based on non-
N-responsive sites and CSNL gave a more
practical decision tool for assessing the
economic or environmental consequence of
selecting a given CSNL.  Although an
improved model R? generally resulted in a
lower failure rate, there were cases where an
improved R? did not always insure the lowest
failure rate.

2. Sampling to 2 ft improved the success of
predicting non-responsive sites for both PPNT
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Table 13.  Percent of sites where change in soil [NO;-N] between preplant (PPNT) and presidedress (PSNT) time

was >0, 1988-1992.

A[NO,-N]PPNT o PSNT> 01

Category O-1ft 0-2 fi 1-2 fi
— % of sites
All observations 80 (288) 76 (228) 70 (223)
0il Qrganic Matter 77 (203) 75 (187) 71(182)
<2% 68 (22) 62 (26) 73 (22)
2-4% 81(134) 78 (123) 71(122)
>4% 70 (47) 76 (38) 71 (38)
Soil pH
<6.0 85 (26) 67 (15) 80 (15
6.0-6.5 81 (87) 76 (58) 64 (58)
6.6-7.0 B4 (70) 83 (58) 74 (58)
>7.0 63 (40) 68 (34) 56 (34)
Manure
None 82 (235) 77 (179) 74 (174)
Applied in study year 82 (28 79 (24) 63 (24)
Applied prior to study year 76 (25) 72 (25) 48 (25
Relative Yield
> 90% 82 (130) 77 (105) 69 (104)
< 90% 78 (158) 76 (123) 71(119)
Previous Crop/Cropping System
Alfalfa 93 (27 100 (25) 96 (25)
Corn 78 (142) 75 (130) 68 (128)
Soybean 86 (80) 81 (52) 69 (52)
Small grain 60 (25) 54 (13) 62 (13)
Yield Level (bu/acre)

0-100 78 (14) 60 (6) 50 (5
100 - 150 83 (84) B4 (62) 71 (52)
150 - 200 75 (102) 71 (80) 72 (79)
>200 91 (30) 84 (26) 65 (20)

Texture
Coarse 71 (45) 61 (46) 57 (42)
Medium 87(174) B7 (128) 80 (127)
Fine 68 (66) 65 (54) 57 (54)
Year
1988 60 (5 80 (5 100 (5
1989 76 (38) 79 (38) 66 (38)
1990 69 (88) 65 (62) 64 (58)
1991 84 (82) 75 (52) 73 (51)
1992 91 (75) 86 (71) 73 (7))

T Number in parentheses = total numnber of sites.
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Table 14.  Effect of year on the percent of sites where soil [NO,-N] failed to predict N response, 1988-1992.

—_—————eeeeeee—— =

Time of Soil iled soijl test
sampling depth Year n TOTAL TYPE A TYPEB
——— Yy} i 3| (-t S

PPNT 0-1 1988 5 20.0 0 20.0
1989 38 395 53 34.2
1990 92 42.4 1.1 41.3
1991 82 47.6 0 47.6
1992 75 16.0 0 16.0

PPNT ' 0-2 1988 5 0 0 0
1989 38 29.0 10.5 18.5
1990 92 34.1 13.2 209
1991 83 37.4 1.2 36.3
1992 - 75 17.3 40 13.3

PSNT 0-1 1988 5 20.0 0 20.0
1989 38 26.3 53 21.1
1990 92 326 22 304
1991 91 341 1.1 33.0
1992 75 14.7 2.7 i2.0

PSNT 0-2 1988 5 0 0 0
1989 38 237 10.5 13.2
1990 64 28.1 4.7 234
1991 61 29.5 1.6 279
1992 71 12.7 42 8.5

t TYPE A failure = Soil NO,-N > CSNL and RY < 90%; TYPE B failure = Soil [NO,-N] <CSNL and RY > 90%. CSNL derived
from fitting linear-plateau model 1o all observations.

Table 15.  Effect of yield level on the percent of sites where soil [NO,-N] failed to predict N response, 1588-1992.

—————— i—————————————— . ——————— T
e e e e —————

Time of Soil Yield Failed soil test
sampling depth level n TOTAL TYPE A TYPE B
ﬁ — .
fi bu/facre PU—— Y} 1 (-
PPNT 0-1 <100 18 278 0 27.8
100-150 102 441 2.0 421
150-200 139 3318 0.7 331
>200 33 27.3 0 273
PPNT 0-2 <100 18 222 0 22.2
100-150 102 36.3 39 324
150-200 139 252 94 15.8
>200 33 30.3 9.1 212
PSNT 0-1 <100 23 34.8 0 34.8
100-150 106 293 1.9 274
150-200 139 28.1 316 24.5
>200 kX) 15.2 0 15.2
PSNT 0-2 <100 15 333 0 333
100-150 78 28.2 5.1 231
150-200 115 20.0 6.1 13.9
>200 31 129 0 12.9

t TYPE A failure = Soil NO,-N > CSNL and RY < 90%; TYPE B failure = Soil [NO;-N] <CSNL and RY >90%. CSNL derived
from fitting linear-plateau model to all observations.
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and PSNT. Nitrate-N in the 1- to 2-ft depth is
readily available to corn, and accounting for
this N in calibrating soil NO, tests and making
fertilizer N recommendations should result in
improved fertilizer N efficiency and reduce the
risk of groundwater contamination with
NO;-N.

Although model fit was generally improved for
data subsets based on soil pH, organic matter
and texture, the failure rate was generally
higher when these soil specific CSNL were
used. An exception to this was a significant
reduction in TYPE B failures on coarse-
textured soils sampled at PSNT. Using the
crop-specific CSNL, however, reduced TYPE
A failure rate.

Overall failure rates for the PPNT and PSNT
with a 2-ft sampling depth were 30 and 23%,
respectively. However, the respective TYPE A
failure rates were 7 and 5% for the PPNT and
PSNT. These results suggest that most of the
test failures would have resulted in over-
application of N rather than inadequate N
additions.

Presidedress soil sampling (PSNT) to 2 £
reduced the overall failure rate in predicting N
response to between 10 and 17% of all sites
when comn was the previous crop. This is a
reduction from 20 to 26% failure rate for the
preplant (FPNT) sampling time,

Soil NO,-N concentrations below the PPNT
critical level resulted in > 75% failure rate
when alfalfa was the previous crop.
Presidedress sampling (PSNT) of these sites,
however, captured substantial net
mineralization of N and failure rate was

reduced to <39% of these sites. AlthoughN

recommendations for com following soybean
usually receives some legume N adjustment,
PSNT sampling did not reduce the failure rate

of predicting N responsive or non-responsive
sites.

The change in soil NO;-N concentrations from

PPNT to PSNT was greatest for soils that had

received manure (+8.9 ppm) or where alfalfa
was the previous crop {+13.2 ppm). These
were also the sites with the most significant
decline in failure rate from PSNT sampling.

Soils with low organic matter, high
denitrification or leaching potential and pH

<6.0 exhibited the lowest change in NO;-N
concentrations.

Failure rate reduction with increased sampling
depth and later sampling time was consistent
from year-to-year; however, the frequency of
soil test failure was not. Total soil test failure

rates varied from 37.2 to 15.2% across years

with differences in both TYPE A and TYPE B
failure rates as well. The relative success of
s50il NOj test strategies is subject to variations
in growing season that influence the potential
for NO;-N loss, soil N mineralization
dynamics, and crop N demand.
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