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Summary

Many of the small farms that dotted the countryside a hundred years ago had enclosures where horses, cows, and
hogs were kept. Manure from animals contained in these enclosures till impacts soil propertiestoday. Most fertilizer
recommendations rely on the collection of representative soil samples. Aerial photographs stored by USDA Farm
Services Agency (FSA) offices provide clues to past management. The objective of this Guidelineisto demonstrate the
importance in sampling old homesteads separately from the rest of thefield. In grid soil sampled fieldslocated in South
Dakota and Missouri, historical aerial photographs were used to identify old homesteads. By sampling the old home-
steads separately from the rest of thefield, the 80% confidenceinterval of a 20 core composite sample was reduced by
as much as 97% and the soil test phosphorus (P) levels were decreased. These results were attributed to excluding areas
with very high P concentrations from the composite sample. Improved sampling protocols constitute a savings for
producers because the soil test results are more representative of the crops needs.

I ntroduction

Most fertilizer recommendation programs contain these
crucia steps: 1) collecting representative soil samples;
2) conducting accurate and precise laboratory analysis;
and 3) usingawell-calibrated fertilizer recommendation
model to estimatefertilizer recommendations. Thefirst
step...collecting asoil sample...may seemsimple, butitis
not. And obtaining an accurate and representative soil
sampleisimportant becauseit isthe basisfor fertilizer
recommendations from soil test results.

A representative soil sample is one that adequately
portrays the nutrient content of the area sampled. There are
several excellent papers that review various aspects of soil
sampling protocols(Kitchenetal.,1990; Blackmer et al .,
1991; Buchholz, 1993; Skoppet al., 1995; Clay etal., 1997;
Franzenand Cihacek, 1998; Franzen, 1999; Flemingetal.,
1999; Franzen and Kitchen, 1999; Fergusen and Hergert,
2000; Clay etal., 2002; Changetal., 2003; Clay et al ., 2004).
These papers recommend that a soil sampling protocol
should consider how thefertilizer isapplied, that at least 12
to 20 cores should be combined into asingle sample, and
that individual samples should be collected from sub-field
areaswheredifferential management occurred. Asarule,
themore soil nutrient variability within the sampling zone
themoredifficult it isto obtain arepresentative sample. In
other words, if the nutrient concentrations of a sampling
areaare highly variable, then obtaining arepresentative
sampleisvery difficult.

Clay et a. (2002) proposed four specific guidelinesfor
soil sampling fieldsimpacted by prior management. First,
producers need to keep track of wherefertilizers containing
immobile nutrients are band-applied. Application of this
type may cause small-scale variability for many years after
application. Toavoid over-sampling fertilizer bands,
sampling protocols for fields with residual bands should be
followed. Second, sampleareaswhere animalswere
confined separately from the rest of thefield. Third,
whenever possible avoid soil sampling guessrows(i.e.,
edge rows of planter passes). Fourth, recommendations are
improved by including at least 15to 20 individual coresina
composite sample. If the residual bands are present, and
the placement is unknown, then the number of samples per
composite may be closer to 30. In many situations, the
importance of sampling old homesteads separately from the
rest of thefield is underestimated. The first step in preci-
sion nutrient management should be to identify and sample
old homesteads or animal confinement areas separately
fromtherest of thefield.

Materialsand M ethods

Soil samples (0to 6in. depth) from at least 2200 by 200
ft. grid were collected from fieldslocated in eastern South
Dakotaand north-central Missouri (Clay et al., 2002). South
Dakotasampleswere analyzed for Ol sen-P, while Missouri
sampleswereanalyzed for Bray-1 extractable-P (Brownand
Rodriguez, 1983). Parent material sinthe South Dakotasites
wereglacial till or loess, while at the Missouri site the soil
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wasweathered loesswith awell defined claypan. Elevation,
latitude and longitude, and apparent electrical conductivity
surveyswere conducted in all fields (Johansen et al., 2001;
Lundetal., 1999; Kitchen et a ., 2003). Evidence at the site
or historical photographs obtained from the USDA-FSA
offices were used to identify old homesteads. For compara-
tive purposes the 80% confidence interval for acomposite
sample containing 20 individual coreswasdetermined. The
mean and standard deviation were both calculated using
Microsoft Excel (Microsoft Corporation, Seattle, Washing-
ton).

Resultsand Discussion

Sampling protocolsthat consider historical management
areimportant, particularly infieldswherefarmanimalswere
confined or fed. Soil samplestaken within these areas may
have elevated P and potassium (K) levels for decades after
the animal's have been removed. These sampleswill
influence both the composite core sampling requirement
(variance or standard deviation) and the soil nutrient
concentration. For example, asurvey of 13 grid soil
sampled fields showed that excluding the old farmsteads
from the composite sample decreased P concentration and
the confidence interval s associated with composite sample
(Table 1). High confidenceintervals can result in accurate
fertilizer recommendations. These results were attributed to
very high soil nutrient concentrations in the area of the old
homesteads and that excluding these areas from a compos-
ite sample reduced the nutrient variation within the
remaining samplingzone(Figurel).

Table 1. The influence of excluding the old farmstead
from awhole field composite sample on P soil
test results and 80% confidence interval.
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Figurel. A 1956 USDA-NRCS aerial image collected
from a South Dakota field and a soil P
contour map based on soil samples
collected in 1995. Current images show that
the farmsite has been removed from the

field.

After old homesteads have been identified and sampled
separately, theresulting fertilizer recommendationwill be
improved. Another consideration is management changes
over time. Most fields have been managed differently than
current management (Figure 2). In much of theU.S.
Midwest prior to 1960, fieldssizesweretypically 40 acres
or less. Aerial photographs show that, over time, larger
fieldswere created by combining small fields(Figure2). It
isdifficult to provide guidance on which historical manage-
ment practices should be considered and which ones can
be ignored. An assessment must be conducted on afield-
by-field basis.

80% CI for
Soil test P 20 cores
Farmstead Farmstead
Location site # Included Excluded Included Excluded
ppm ppm
South 1 23 17 70 9.9
Dakota 2 32 16 371 8.1
3 21 16 58 3.4
4 42 20 202 32.2
5 7 6 2 0.2
6 7 7 2 0.9
7 10 6 15 0.5
8 40 27 92 20.0
9 10 7 8 1.6
10 13 12 6 3.6
11 21 18 22 20.3
12 16 12 27 15.9
Missouri 13 14 12 8 2.3

Not including the homestead areain the composite
sampleimproved the precision (80% confidenceinterval)
by as much as 97%. These results show that the first step
incollectingreliablesoil samplesfor fertilizer recommenda
tionisto identify and sample old farmsteads separately
fromtherest of thefield and that thefertilizer recommenda-
tion may be compromised if these areas are not excluded.

I Mention of trade names or commercial products in this article is solely for the
purpose of providing specific information and does not imply recommendation
or endorsement by the U.S. Department of Agriculture.
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Figure2. A sequence of aerial images collected
between 1939 and 1990 from a Missouri

field.

If the field shown in Figure 2 is subdivided based on
the 1982 rotational sequence (Figure 3), theresulting
analysis shows sub-field areas A, B, C, and D have soil test
Pvauesof 10, 8, 11, and 20 partsper million (ppm) P,
respectively. If thefertilizer recommendationfor thisfield
was based on awholefield sample (mean 12 ppm), then
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Figure3. A 1982 aerial photo showing how polygons

were drawn around four areas with different
historical management practices. Two
farmstead areas on the south end of the
field were removed and the field divided as it
was cropped in 1982.

area B would be under-fertilized and area D would be over-
fertilized. It isimportant to point out that sampling the four
sub-field zones separately increased the sampling require-
ment. Prior to sub-dividing, amanager needs to ask the
guestion: Isthe value of the spatial information worth the
cost of data collection and analysis?

Summaryand Conclusion

A conseguence of larger farms has been the loss of
farmstead sites. In many cases, these sites have been put
into crop production. For example, in Brookings County,
South Dakota a random survey of 384 quarter sectionsin
aerial photographs collected in 1950 and 1990 showed that
the number of quarter sections with building sites de-
creased from 218to 180 over the 40 years. Giventhe
number of management changes that have occurred in
production fields over the past 100 years, it isdifficult to
provide step-by-step guidance for developing sampling
protocols that account for historical management. When
consideringimmobilesoil nutrientslikePand K, farmers
and agricultural consultants need to redlize that fields
maintainamemory.

Factors that should be considered when developing soil
sampling protocolsinclude: locations of historic home-
sites, fence lines, farming directions, crops, consolidation
of fields, roads, abandoned railroads, stock ponds, and
feedlots.

Understanding historical changesin management is
important because row crops often received morefertilizer
and lime than pastures and manure was typically applied to
fields close to the farmstead. Human-induced effects have

alasting impact on soil test results. Isolating areas
impacted by historical management prior to soil sampling is
paramount for devel oping reliable crop nutrient plans. |
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