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Introduction
Fields are a mosaic of habitats, each having unique

biophysical characteristics that influence soil properties
and crop yields. The effectiveness of matching solutions to
problems rests on the ability to identify problems, charac-
terize sites, and develop appropriate solutions. To the
authors’ knowledge, approaches for identifying nutrient
management zones require the collection and interpretation
of spatial data (yield, elevation, remote sensed imagery,
apparent electrical conductivity, soil nutrient maps, and
soil survey maps). To derive management zones from this
data some knowledge of geographic information systems
(GIS) and global positioning systems (GPS) are useful. A
complete discussion of GIS and GPS are beyond the scope
of this guide and are available in Pfost et al. (1999) and
Reetz and Westervelt (1999).

Identifying Management Zones
Commonly used techniques to identify management

zones are grid-cell, landform, soil series, and computer
classification (cluster analysis). In grid-cell soil sampling,
the field is split into a matrix of distinct cells with specified
sizes (Figure 1). In landform sampling, information on
aspect, elevation, concavity, and slope is used to identify
different zones. Landform-based sampling has been used

successfully at a number of sites. For example, in North
Dakota, soil test N values are often highly correlated with
topography and drainage (Franzen and Kitchen, 1999).

Determining the “Best” Approach to Identify
Nutrient Management Zones:
A South Dakota Example
Summary

Productivity zones, yield stability maps, and management zone maps based on elevation, electrical conductivity,
yields, and remote sensing may be developed using a variety of different approaches. Producers frequently ask: Which
method for identifying zone boundaries is best? The answer to this question depends on the criteria used to evaluate the
zone boundaries. At least three different criteria for assessing management zone boundaries are used. These criteria are:

• The ability to group areas with similar soil test results into the same zone;
• The ability to group areas with similar yields into the same zone; and
• The ability to improve fertilizer recommendations.
For the two South Dakota fields used in this study, if the goal was to group areas with similar yields into the same

zone, then zones based on personalized soil surveys were best. However, if the goal was to minimize nitrogen (N) and
phosphorus (P) recommendation errors, then this was accomplished by using multiple years of yield monitor data to
develop landscape specific yield goals, sampling old homesteads separately from the rest of the field, and grid-cell soil
sampling to fine-tune N and P recommendations. Similar analysis can be conducted in your field if you have multiple
years of yield data and an understanding of soil nutrient variability.

Figure 1. Example of grid, grid-cell, and
management zone sampling. The x’s
represent composite samples, While 
represents the location of individual
cores.
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In soil type-based sampling, soil samples are collected
for each soil map unit depicted by the soil surveys. It is
important to point out that soil surveys were not originally
developed for site-specific management, and therefore they
may be too coarse in resolution to allow for site-specific
management (Franzen and Kitchen, 1999). It is possible to
improve soil surveys by using experiences, visual
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observations, and measured values to personalize them
(Fleming et al., 1999; Mount, 2001).

       Computer classification of intensively sampled
crop/soil data (electrical conductivity, yield monitor, and
remotely sensed data) can be used to identify management
zones. One promising statistical approach for identifying
relatively homogenous regions from a variety of different
sources is called cluster analysis. This approach has been
used successfully at a number of different research sites in
the Midwest. The goal of clustering is to identify areas that
have similar soil and plant parameters (yields, electrical
conductivity, pH, topsoil depth, and drainage). Interested
readers may consult Fridgen (2000) for more information
about cluster analysis.

       Once a zone is identified, a single composite
sample, containing 15 to 20 individual cores, is collected
from across the entire area. When collecting samples from
fields where nutrients have been band-applied, sampling
protocols for banded fields should be followed (Clay et al.,
2002). The “best” approach to develop a treatment map at
one location may not be the “best” approach at a different
location.

Case Study: Study Site
In South Dakota, fertilizer recommendations typically

are based on soil test results and yield goals (Gerwing and
Gelderman, 2001). In this case, study management zones
were identified by: (i) using old aerial photos to locate old
homesteads, these areas were then sampled separately from
the rest of the field; (ii) separating the field into 10-acre
grid-cells; (iii) using personalized soil surveys to identify
different soil types; and (iv) using cluster analysis of
apparent soil electrical conductivity, elevation, and aspect
(Figure 2).

Figure 2. The influence of classification approach on
management zone maps at the Moody field.

Yield goals were based on county average, 3-year field
average, and landform (Table 1). Using these values, the
percentage fertilizer improvement...relative to whole field

soil sampling and using a yield goal based on the 3-year
yield average...was determined (Chang, 2002).
Table 1. Yield goals used for assessing fertilizer

recommendation errors.

Moody Brookings

- - - - -Yield, bu/A- - - - -
County average 140 140
3-year average 117 136
Landform

Summit/shoulder 112 136
Backslope 177 185
Footslope 171 196

Between 1995 and 2003 summit/shoulder areas typi-
cally had low, relatively stable yields, backslope areas had
slightly higher and more variable yields, and footslope
slopes had both the highest and lowest yields (Figure 3).
Previous research showed that low yields in summit areas
were attributed to too little water, while low yields in
footslope areas were attributed to excess water (Clay et al.,
2001). To improve yields in footslope areas during wet
years, tile lines were repaired and/or replaced.
Figure 3. Yield maps from Moody in 1999 and 2000.

Evaluating Management Zones
The question that must be resolved is: Which approach

for locating zone boundaries produced the “best” fertilizer
recommendations? At least three different criteria for
assessing management zones have been used. These
criteria are:

• The ability to group areas with similar soil test
results into the same zone;

• The ability to group areas with similar yields into the
same zone; and

• The ability to improve fertilizer recommendation.
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The selection of the “best”
approach for identifying zone
boundaries is influenced by the
criterion selected. For example,
Chang et al. (2004) showed that
for these fields, if the criteria was
to group areas with similar soil
test values in the same zone, then
the grid-cell sampling approach
combined with sampling the old
homestead separately from the
rest of the field minimized soil
NO3-N and Olsen P sampling
variability. Information about
prior management can be
obtained by evaluating old
USDA aerial images (Figure 2). For example, the 1984
aerial image showed that haystacks were present in the
southeast corner of the field. Associated with the haystacks
were very high soil test Olsen P concentrations. The high P
concentration in this area was attributed to over-wintering
of livestock or manure applications.

       If the goal was to group areas with similar yields
into the same zone, then the personalized soil survey did
the “best” job (Chang, 2002). The soil survey did a “good”
job in minimizing yield variability because it clearly
identified well and poorly drained areas of the field. In
Figure 2, the poorly drained areas of the cluster analysis
map are shown in blue while these same areas in the soil
survey map are shown in light blue, green, and yellow.
Differences in the recommendations for these two criteria
were not surprising, because Figure 2 showed that there
were few similarities between the soil survey map and the
Olsen P contour map. The success of the grid-cell ap-
proach to minimize soil sampling variability was attributed
to spatial dependence in the soil nutrient data sets.

       Actual corn yield data collected between 1995 and
2001 was used to assess the ability of the management
zones to improve fertilizer recommendation (Table 2).

Results from this analysis indicated that N recommen-
dation can be improved by using landform specific yield
goals, and that P fertilizer recommendations can be
improved by sampling the old homestead separately from
the rest of the field. Nitrogen and P recommendations were
fine-tuned by 10-acre grid-cell soil sampling. Findings
from this study indicated that yield goals of between 170 to
200 bu/A in the footslope and 110 to 140 bu/A for summit
areas in the Moody and Brookings fields would be
reasonable. These results also showed that prior manage-
ment influenced P recommendations, and therefore, when
developing soil sampling protocols the impact of this prior
management on nutrient concentrations should be consid-
ered.

Recommendations Based on the Case Study
• Use site-specific yield goals. In this study, landform

specific yield goals based on multiple years of yield
monitor data improved fertilizer recommendations.
Yield goals in footslope areas were 50 to 70 bu/A
higher than those in summit areas. Yields in the
summit/shoulder areas were low due to water stress.
If multiple years of yield monitoring data are not

available, then remote sensing data may provide an
alternative source for this information.

• Consider prior management when developing soil
sampling protocols. Old homesteads should be
sampled separately from the rest of the field.

• Use 10-acre grid-cell soil sampling to fine-tune
fertilizer recommendations.

• Use enterprise analysis to calculate potential
financial gains or losses from alternative manage-
ment practices.

• Results in this study were based on two fields, the
“best” approach for identifying management zones in
your fields can be assessed using a similar approach.
To conduct a similar analysis, one should have
access to multiple years of yield data and an under-
standing of the soil nutrient variability.

Appendix
Soil sampling error (criteria 1) was evaluated by

determining the N and P pooled variances. To calculate the
pooled variance, the variance for each management zone
must be calculated first. Variance (s2) is calculated by
using the equation:

where xi are the measured values within a management
zone and x–  is the average value within a management
zone.

The pooled variance was equal to:

where z was the number of sampling zones, ni was the
number of samples with zone i, and si

2 was the variance of
zone i. Similar calculations were made for calculating
pooled yield variances. However, for yield variability, the
yields were also summed over fields (Brookings and
Moody) and years (Moody, 1995, 1997, and 1999;
Brookings, 1996, 1998, and 2000). Therefore, for yields
the s2

p represents the net result of 6 site-years. Fertilizer

Table 2. The influence of management zone soil sampling approach and yield
goal on the percent relative fertilizer recommendation improvement.
Data in this table were based on the findings of Chang (2002). All data
are relative to the whole field sampling using the 3-year yield data for
the yield goals.

Approach to define yield goals
Management zone County avg. 3-year avg. Landform specific
soil sampling approach P N P N P N

- - - % relative fertilizer improvement - - -
Whole field 7 25 0 0 6 52
Field + homestead separate 17 26 14 4 19 48
Grid-cell + homestead separate 18 24 29 29 21 59
Soil Survey + homestead separate 17 24 16 11 19 48

s2 = 
 ∑(x

i
 - x )2
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[1]
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recommendation errors (FRE) were calculated using the
equation:

where FRmeasured was the fertilizer recommendation based on
the soil test result, the measured yield at the end of the
year, and current South Dakota fertilizer recommendation
guidelines (Gerwing and Gelderman, 2001), and FRpredicted
was the predicted fertilizer recommendation based on the
yield goal, soil test results, and South Dakota fertilizer
recommendation guidelines. The measured values were
based on the measured yields for each soil sampling grid
point within a management zone for the three years that
yields were measured at a site and the N and P fertilizer
recommendation to achieve that yield. The predicted yields
were based on the yield goal for a management zone and
the N and P fertilizer recommendation needed to achieve
that goal. It should be pointed out that South Dakota’s
fertilizer recommendation guidelines were used to calcu-
late both FRmeasured and FRpredicted  values. The use of this
model may contain errors because the models were not
designed to determine fertilizer requirements at different
locations in the field. Fertilizer recommendation errors
were used to calculate the relative percentage fertilizer
recommendation improvement (FRI) using the equation:

Potassium (K) fertilizer was not considered in these
calculations, because soil test results indicated that K was
not needed at any of the sampling points. 
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